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ABSTRACT 

This research aims to add to the current knowledge available for 

miniemulsion polymerization reactions and to use this knowledge to synthesize 

multifunctional nanosized latex particles that have the potential to be used in 

catalysis. The physical properties of the latex can be adjusted to suit various 

environments due to the multiple functional groups present. For this research, 

styrene, pentafluorostyrene, azidomethyl styrene, pentafluorostyrene with 

azidomethyl styrene and pentafluorostyrene with styrene latexes were produced, 

and analyzed by dynamic light scattering. The latexes were synthesized using a 

miniemulsion polymerization technique found through this research. Potassium 

oleate and potassium 1,1,2,2,3,3,4,4-nonafluorobutane-1-sulfonate were used as 

surfactants during the miniemulsion polymerization reaction to synthesize 

pentafluorostyrene with azidomethyl styrene latex. Transmission electron 

microscopy data and dynamic light scattering data have been collected to 

analyze the structure of this latex, and it has been synthesized using a number of 

conditions, differing in reaction time, surfactant amount and sonication methods. 

We have also improved the solubility of the latex through a copper(I) catalyzed 

1,3-dipolar azide-alkyne reaction, by clicking (polyethylene glycol)5000 onto the 

azide functional groups. 

 

KEYWORDS miniemulsion polymerization, latex particles, click, styrene, pen-

tafluorostyrene, azidomethyl styrene 
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INTRODUCTION 

I. Emulsion Polymerizations 

The first description of an emulsion polymerization came out in 1929 when 

Dinsmore used egg albumin and oleic acid to form aqueous emulsions of 

different methyl butadienes.1 Since this first reaction, emulsion polymerizations 

have been developed, leading to the improvements of, or the conception of a 

variety of products in industry including paints, adhesives, plastic coatings, and 

textiles.2 There have also been countless advancements in academia, in areas 

such as biosensing,3 targeted drug delivery,3 catalysis4,5 and electrical optical 

devices6. Since its conception, the emulsion polymerization process has 

undergone many modifications, resulting in new polymerization techniques such 

as microemulsion or miniemulsion polymerization - the latter is the primary focus 

of this paper. 

A typical emulsion polymerization begins as two phases, an oil phase and 

an aqueous phase. Normally, the aqueous phase is simply water, while the oil 

phase is made up of monomer(s) and possibly a hydrophobe. A hydrophobe is a 

molecule that has lower solubility in water than the monomer. The two phases 

are then mixed together, in the presence of one or more surfactants, via simple 

mixing, a shear force, or high-pressure homogenization. Within the laboratory, a 

high shear force can be applied by simple sonication or ultrasonication. In this 

paper, simple sonication refers to using sonic baths, while ultrasonication refers 

to using ultrasonic processors. Once a reaction mixture has been emulsified, it 
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consists of an aqueous phase, monomer droplets and micelles (Figure 1). The 

emulsion is stabilized by the presence of the surfactants. If a hydrophobe is 

present, it also helps to stabilize the droplets further. This is because the 

hydrophobe will accumulate within the monomer droplets and will help to offset 

the effects of Laplace pressure.7 Laplace pressure is a phenomenon caused by 

the surface tension at the interface between the aqueous phase and the oil 

phase; it is a measure of the difference in pressure between the inside of the 

droplet and the outside. Finally, an initiator is added to the mixture and the 

reaction is allowed to proceed. 

 

Figure 1. Basic scheme of a classical emulsion 

The polymerization reaction can be initiated by micellar nucleation, 

homogeneous nucleation (initiation in the aqueous phase), or droplet nucleation. 

Within a single emulsion reaction all three types of nucleation may occur, 

however one will be prevalent. The type of nucleation that is dominant will 

depend on the emulsion itself.  
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In a classical emulsion polymerization, most of the final product will have 

been initiated via micellar nucleation. This is because the other two types of 

nucleation are stifled under classical conditions. Some homogenous nucleation 

may occur, however, it will only occur on a significant scale if there is not enough 

surfactant or if the monomer is water-soluble. Under such conditions, naked 

monomer particles are dispersed throughout the aqueous phase, ready for 

initiation. Droplet nucleation is discouraged because the surface areas of the 

monomer droplets are too small for initiation to occur. As a result, the monomer 

droplets throughout the continuous phase function as a source of more monomer 

for the micelles as the polymerization reaction proceeds. The droplets provide 

monomer feed via Ostwald ripening.7 Ostwald ripening is the diffusion of oil 

molecules through an aqueous phase to make larger droplets.  

The conditions of a microemulsion polymerization are similar to that of a 

classical emulsion reaction except for the fact that the emulsion is created via a 

high shear force: ultrasonication in a lab or high-pressure homogenization in 

industry. By using a high shear force to create the emulsion, the size of the 

monomer droplets is effectively decreased to 30-800 nm.7 This increase of the 

surface area at the interface allows for monomer nucleation to occur more 

readily. As a result, micoremulsion polymerization can be initiated by droplet 

nucleation. 

Miniemulsion polymerizations differ from classical emulsion 

polymerizations in two regards, a high shear force is utilized to get a better 
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emulsion and the surfactant to water ratio is increased considerably. The high 

shear force creates smaller droplet sizes similar to the microemulsion. By raising 

the amount of surfactant, the consistency of the emulsion is altered. Instead of 

having monomer droplets and micelles dispersed throughout an aqueous phase, 

the result is a number of small droplets spread throughout a continuous phase.7 

The continuous phase is made up of water and surfactants, where there may be 

micelles or clear pockets of water present, however the majority of the phase will 

be an incoherent mixture of the two constituents. Consequently, within a 

miniemulsion, with both the aqueous phase and micelles absent for all intensive 

purposes, the only nucleation that can occur will be droplet nucleation. The 

miniemulsion polymerization process is a very versatile technique.  Compared to 

normal emulsion reactions, miniemulsions can also be used to synthesize a 

larger variety of nanosized polymers and structures in a controlled manner.6,8-15 

This emulsion technique shows a lot of potential for use in a variety of areas, 

including electroluminescence particles,10 catalysis, cosmetics, and 

pharmaceutics.16 Consequently, we have decided to focus on using this 

technique.  

Regardless of the type of emulsions, current literature7,17,18 suggests that 

the size of the final polymer has a correlation with the size of the droplets. As a 

result, controlling droplet size is an important consideration for any emulsion 

polymerization. There are a few different conditions that can be used to adjust 

droplet size: the type and amount of surfactant, the type of monomer, the 
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monomer to surfactant ratio, reaction time, the type and amount of initiator and 

finally, the method used to apply the shear force. 

Varying each of these conditions effects the emulsion environment and 

therefore influences the polymerization reaction. For example, increasing the 

amount of surfactant has been shown to decrease the size of the particles that 

form.19,20 Increasing surfactant concentration has a proportional effect on the 

continuity of the continuous phase. This results in conditions that can stabilize 

smaller and smaller sizes of the monomer droplets that are dispersed throughout 

the continuous phase. Therefore smaller latex particles can be synthesized by 

increasing the concentration of the surfactant. However, this is only up to a 

certain point, eventually, an equilibrium of sorts is reached, and the size of the 

monomer droplets cannot be decreased further.19,20 When varying conditions 

related to the initiator, either the amount or the type can be systematically 

changed. For example, decreasing the amount of initiator has been shown to 

decrease the size of the latex. However, this can also decreases the percent 

conversion of the reaction.20 Therefore, by decreasing the initiator concentration, 

you could conceivably get particles of the same size if you let the reaction run for 

a longer period of time. The type of initiator that is used can have large effects on 

the outcome as well,21-23 and the effect it has depends on the reaction system. 

For example, one study showed that, in a miniemulsion polymerization that uses 

N-stearoyl-di(sodium)glutamate use as the surfactant, increasing the 

hydrophilicity of the initiator results in smaller latex particles.22 In another study,23 

the polymerization reaction was initiation by a macroinitiator in the presence of 
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various secondary initiators; these second initiators varied in their solubility. The 

study showed that decreasing they hydrophilicity of the secondary initiator 

resulted in smaller, more stable particles. This outcome was attributed to two 

factors. Firstly, a second initiator assisted in initiating the polymerization. 

Secondly, the less hydrophilic initiator is, the more it can function as a 

hydrophobe and reside within the monomer droplets (increasing the stability of 

the reaction and supporting the smaller latex particles that form during the 

reaction). 

It should be noted however, that depending on the system, changing any 

of these conditions may not affect the outcome of the reaction at all. For 

example, although it has been shown that the amount of initiator can cause a 

decrease in the size of the particles,20, there have also been experiments that 

indicate that the initiator concentration can also have no significant effect on the 

final particle size.24 For the purpose of this thesis, we concentrate on varying the 

type of surfactant used, however we also take advantage of the other methods to 

try and gain better control over particle size. 

II. Click reactions 

 In the simplest terms, click reactions are really good reactions. They are 

ideal in almost every way. A click reaction will generate high yields of easily 

isolated, stereospecific products from easily obtainable starting materials and 

reagents. The reaction conditions are modest and any byproducts that form 

during the reaction can be removed by easy, nonchromatographic methods.25,26 
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Characteristically, they have a high thermodynamic driving force that allows the 

reaction to be “spring-loaded” towards a specific product.25 Since the term ‘click 

chemistry’ was first defined by Sharpless et al,27 numerous reactions have come 

to fall under the title. As a result, click reactions can be identified under various 

categories, some of these categories include: nucleophilic opening of spring-

loaded rings, “protecting group” reactions, and cycloaddition reactions (Figure 

2).25  

 
(a) 

 
 (b) 

 (c) 

 (d) 
Figure 2. Examples for the three types of click reactions.25 (a) Nucleophilic opening of spring-
loaded epoxide rings to yeild a steroselective product. (b) “Protecting Group” reactions; this is one 
of the acetal-like derivatives that Sharpless et all synthesized from the appropriate diol. (c) 
Cycloaddition; an azide cycloaddtion where the di-substituted product was successfully 
synthesized with a 90 % yield. (d) Nucleophilic addition of primary amines to isocyanates; this is 
an example of a reaction that Sharpless et. al. describe as “a nearly perfect transformation [that] 
is a pure fusion process requiring no adjuvants of any kind”.  
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The first category of click reactions utilizes the high energy status of 

different ring species. These rings can easily undergo SN2 to form high yields of 

stereospecific products. Epoxides, aziridines and cyclic sulfamidates are just a 

few examples of high energy species that can undergo nucleophilic opening of 

spring-loaded rings.25 The “protecting group” reactions utilize functional groups 

such as acetals and ketals (which are normally used to function as protecting 

groups against other reactions), to synthesize heterocyclic compounds.28 The 

final click reaction, cycloaddition click reactions, are the ones that this paper 

focuses on. These reactions result in easily synthesized five- and six- membered 

hetercycles. Some examples of these reactions include cycloaddition of azide 

and hydrazine compounds to porprgylated compounds. One cycloaddtion 

reaction that is commonly used in literature29-31, and that is used in this thesis 

project, is the copper(I) catalyzed 1,3-dipolar azide-alkyne reaction. Figure 3 

shows a general scheme of the reaction.  

 
Figure 3. General scheme of a copper(I) catalyzed 1,3-dipolar azide-alkyne reaction, image takes 

form literature32 
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III. Aim 

Although the advantages of catalysis are obvious, the uses of catalysts 

are limited by their physical properties; namely size and solubility. This paper 

concentrates on the synthesis of multifunctional nano-sized latex particles that 

have the potential to expand catalytic limitations. The small size of the latex will 

allow for a greater surface area to volume ratio. The multi-functional property is 

attributed to the presence of both azides and fluorides in the latex. These 

functional groups will allow for easy manipulation of the nanoparticle. According 

to literature, latex can be synthesized using various procedures like dispersion 

polymerization,33 and ultrasound induced radical production;34 as well as using 

polymerization methods afore mentioned like microemulsion polymerization35 and 

miniemulsion polymerization.8,9,36-39 Miniemulsion polymerization is the focus of 

this paper. 

Although there is a lot of literature on the subject, many of miniemulsion 

techniques are only available in patents.16,40-45 As a result, we are aiming to 

explore this area further, and expand on its potential as a polymerization process. 

As mentioned, by adding a large amount of surfactant and applying a high 

shearing force, small, stable droplets with a narrow size distribution can form 

within the continuous phase.8 The polymerization reactions can then occur within 

these droplets. The types and amounts of surfactant can be used to affect the 

stability and size of the droplets. Droplet size will also vary based on the method 

used to apply the high shearing force. For example, the system can undergo 
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ultrasonication, high-pressure homogenization8 or vortex mixing. Therefore, 

these surfactants and shearing force can be used as a method of control. As a 

part of this research project, we compile a library of data that shows how 

surfactant types can affect the size of the latex particles. We also report the 

synthesis of nano-sized poly(PFs)-poly(AMs) latex particles via miniemulsion 

polymerization, and we attempt to show that these particles can be modified to 

alter their physical properties by using the copper(I) catalyzed 1,3-dipolar azide-

alkyne reaction to click on propargylated PEG5000. This molecule is hydrophilic, 

and therefore it should counteract the hydrophobic properties of the latex, making 

it more amenable to aqueous environments. 
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EXPERIMENTAL SECTION 

I. Study of monomer/surfactant emulsions:  

All the surfactants were used as purchased without further purification, 

except for KS and KPFO. The KS and KPFO stock solutions were prepared by 

dissolving 15 g of the corresponding acid with equimolar amounts of KOH into a 

100 mL solution.  

The emulsions of various monomer/surfactant mixtures were analyzed via 

DLS to determine conditions that would generate in the smallest monomer 

droplets and, in turn, result the smallest latex particles during miniemulsion 

polymerization reaction. Experiments were run testing the surfactants on their 

own, as well as in pairs, utilizing every possible combination. Each surfactant 

combination was run against three different monomer combinations (St, PFs, and 

PFs with St). DLS data was collected after the emulsions were prepared and 

again, after a ten-fold dilution so that the stability of the monomer droplets could 

be determined (Figure 4-15, Appendix). 

In general, 150 mg of surfactant and 1-pentanol (5 µL) were combined in a 

5 mL vial containing a magnetic stir bar. Nanopure water (8 mL), 1-pentanol (5 

µL) and monomer (24 mg) were then added to the vial while stirring. The mixture 

was sonicated (simple sonication) for 30 minutes and the size of the emulsions 

were analyzed via DLS. The solution was diluted ten-fold, and emulsion size was 

reanalyzed to determine their stability under dilution. In experiments that included 
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two surfactants, 75 mg of each surfactant were massed out. When two 

monomers were run together, the monomers were used in equimolar amounts, 

keeping the total mass of monomer constant. The DLS data collected (Appendix) 

show that the Kol/KNFS combination resulted in consistently small monomer 

droplets that were stable after a ten-fold dilution for all three monomer 

combinations. As a result, further experiments were carried out using this 

surfactant mixture.  

II. Miniemulsion polymerizations of cross-linked latex cores: 

Monomer Variation. Three different cross-linked latex copolymer cores 

were prepared via free radical miniemulsion polymerization. The synthesis of 

each of the latexes followed the same general scheme, where the only difference 

was the amounts of PFs, St and ASt (Table 1). In a typical reaction, Kol (0.750 g, 

2.33 mmol) and KNFS (0.751 g, 2.22 mmol) were combined with 1-pentanol (50 

μL, 0.462 mmol) and deionized water (8.00 mL) in a 100 mL round bottom 

schlenk flask while stirring. The system underwent four degas/refill cycles, 

followed by the addition of monomer(s) (0.240 g) and cross-linker DVB (12.0 mg, 

0.922 mmol) while stirring. The mixture was sonicated for 30 minutes, followed by 

three degas/refill cycles. Two 0.1 mL aqueous solutions, one of 1-pentanol (50 

μL, 0.462 mmol) and one of KPS (4.00 mg, 0.0148 mmol) were added 

consecutively while stirring, and one more degas/refill cycle followed. The 

reaction was initiated in a 60oC oil bath and left to react for 24 hours. The 

resulting emulsion was dialyzed against deionized water in regenerated cellulose 
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acetate tubing (50,000 g/mol cut-off), and subsequently lyophilized to recover the 

latex. 

Cross-linked 
Latex Core PFs St AS 

PFs 0.24 g, 1.23 mmol - - 
PFs-St 0.156 g, 0.8 mmol 0.084 g, 0.8 mmol - 
PFs-AS 0.156 g, 0.8 mmol - 0.127 g, 0.8 mmol 

Table 1. Free-radical emulsion polymerization reaction mixtures: amounts of PFs, St and AS were 
varied as shown. Other components were kept constant: DVB, 1-pentanol (100 μL, 0.92m ), 
water (8 mL), Kol (0.75 g, 2.33 mmol), KNFS (0.75 g, 2.22 mmol), KPS (4.00 mg, 0.015 mmol). 
 
III. Click reaction with the cross-linked copolymer cores: 

During this experiment, the 1,3-dipolar azide-alkyne click reaction was 

attempted under two basic conditions. For the first condition, the latex used had 

been processed, i.e. dialyzed and lyophilized to remove any surfactant, and 

redispersed in DMF. For the second experiment, the surfactant had only been 

partially removed, so the reaction took place in water.  

Click reaction in DMF. The cross-linked core PFs + ASt latex particles (120 

mg) were suspended in 5 mL DMF to give a cloudy mixture. A propargylated 

PEG5000 (1.1 g, 0.22 mmol) was added to the mixture, followed by DIPEA (1 mL, 

5.74 mmol) and CuI (14 mg, 0.0735 mmol). The vial was capped, briefly 

sonicated and left to sit at room temperature without stirring. After 24/48 hours, 

the teal solution was mixed with diethyl ether (100 mL) and the light brown 

precipitate was rinsed with 50 mL portions of diethyl ether twice. The product was 

suspended in 20 mL of deionized water, and EDTA (502 mg, 1.71 mmol) was 

added to the mixture to complex with the copper catalyst. The product was 

dialyzed against nanopure water (100,000 g/mol cut-off) and finally, the water 

was removed from the clear gold-colored solution via lyophilization. 
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Click reaction in water: The PFs + ASt latex was also clicked with PEG5000 

under a second condition; where the latex is only partially dialyzed. For this 

reaction, the PFs + ASt latex was synthesized as described above. Then while 

the polymer was being dialyzed, the size distribution was monitored via DLS. 

After 3.5 hours, the latex/surfactant reaction mixture was removed from the 

dialysis tube, and aliquots were used to text different conditions for a click 

reaction. The mass of the latex was determined by transferring 1 mL of the 

reaction mixture into a tared vial, and then evaporating off the solvent. The mass 

left in the vial had a mass of 216 mg. This value overestimates the amount of 

latex, however, this is acceptable because PEG5000 is added in excess. The latex 

mixture (2 mL) was then mixed with NaAsc (119 mg, 0.601 mmol) and PEG5000 

(2.196 g, 0.439 mmol), and the system was degassed and refilled with argon 

three times. The reaction vial was sonicated for five minutes, then Copper(II) 

sulfate (24.52 mg, 0.0982 mmol) was added. The system was degassed/refilled 

with argon three more times, and sonicated for another five minutes. The 

reaction mixture was left at room temperature overnight without stirring. The next 

day, EDTA was added (0.751g, 2.57 mmol) and the reaction mixture was dialyzed 

against deionized water (50,000 g/mol cut-off), and lyophilized to recover the 

latex. Table 2 shows the different conditions that were run for this reaction.  

Reaction Ligand Reaction time 
a - overnight 
b TBTA, 133 mg, 0.25 mmol overnight  
c - 8 days 

Table 2. Click reaction conditions. (a) latex that has been clicked with propargylated PEG, 
overnight reaction. (b) latex that has been clicked with propargylated PEG in the presence of 
TBTA, TBTA added at the same time as PEG, overnight reaction. (c) latex that has been clicked 
with propargylated PEG, 8 day reaction time. 
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RESULTS AND DISCUSSION 

I. Study of monomer/surfactant emulsions:  

To assemble the library, miniemulsions of various monomer/surfactant 

mixtures were prepared and analyzed. SDS, SLB, Kol, KNFS, THFOS, CTAB, KS 

and KPFO were selected as the surfactants, and were tested on their own as 

well as in combinatory pairs. Each surfactant combination was run against three 

different monomer combinations: St, PFs, and PFs mixed with St (PFs + St). The 

experiments followed a standard free radical miniemulsion procedure, and DLS 

data were collected for each one (Appendix). Table 3 shows a summary of the 

DLS data obtained for the experiments with St before any of the miniemulsions 

were diluted. Table 4 and 5 (Appendix) show a more thorough summary of the 

pre- and post-diluted solutions.  

 
St Experiments 

 SDS SLB Kol KNFS THOFS CTAB KS KPFO 

SDS ma, 0.99, 
330 m, 1.6, 380 m, 1.2, 

110 db, 4.0, 190 m, 0.93, 
300 sc, 260 - s, 0.62 

SLB  m, 4.7, 720 - m, 32, 670 - s, 240 d, 19, 250 d, 48, 350 

Kol   
m, 1.2, 

750 d, 3.8,55 m, 1.1, 
1120 

d, 120, 
1260 - d, 60, 240 

KNFS    s, 86 d, 2.5, 61 - m, 4.5, 
820 d, 2.5, 200 

teaHOFS     - m, 34, 
1490 - s, 0.61 

CTAB      - d, 43, 370 s, 106 
KS       - - 

KPFO        s, 4.2 
Table 3. Summary of miniemulsion DLS. a Samples with a multimodal size distribution, the 
maximum and minimum size peak values are given; b DLS data that show a bimodal size 
distribution, followed by the peak values; c Data that shows a unimodal distribution, the size of the 
particles are given by the peak.  
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Based on data collected from the library, the Kol and KNFS surfactant 

combination showed great stability after dilution and gave consistent results with 

St, PFs and PFs + St. This is partially due to the fact that a fluorinated surfactant 

and an organic surfactant are combined, making the reaction conditions 

compatible with our multifunctional latex. Correspondingly, this combination was 

utilized to synthesize latex particles from PFs and ASt monomers. In general, the 

latex was synthesized using free radical miniemulsion polymerization procedure 

outlined in the experimental section.  

II. Miniemulsion polymerizations of cross-linked latex cores: 

 Three different latex particles were synthesized using the procedure 

outlined for three monomer combinations: PFs, ASt and a mixture of PFs + ASt. 

DVB was used a cross linker during the reaction. Initially, for each experiment, 

DLS data was collected after the reaction mixture was emulsified, but before the 

polymerization reaction began. A second DLS histogram was collected after the 

final product was lyophilized. However, this yielded questionable results because 

the emulsions showed small droplets with a size of 10 nm or less after the 

polymerization reaction. However, after dialysis and lyophilization, the latex 

particles seemed to have increased to a size that was at least ten times the 

original monomer droplet size. Figure 16 shows an example of this phenomenon.  
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Figure 16. DLS data of the PFs + AMs latex (a) after the polymerization reaction and (b) after 
dialysis. 

TEM images were obtained for further analysis of the latex particles. Random 

particles were selected and measured from each TEM image, and then the data 

were used to create a histogram. Figure 17 (Appendix) shows that the TEM data 

yielded in similar results to the corresponding DLS data, and did not help to 

illuminate why the size of the latex seemed to be at least and order of magnitude 

larger than expected.  

 As mentioned, there are a few methods that can be used to change the 

size of the latex particles, namely reaction time and surfactant amount. A third 

factor that can influence the size distribution of the latex particles is the method 

used to emulsify the reaction mixture. Figure 18 (Appendix) shows the different 

conditions that were tested. The data shows that the size distribution is more 

favorable when the surfactant amount is doubled, the reaction time is decreased 

and the sonication method is changed from using simple sonication to 

ultrasonication. However, even with the optimization, the reaction still yielded 

products that were larger than predicted.  

0
2
4
6
8

10
12

1 10 100 1000

In
te

ns
ity

 (%
) 

Size (d. nm) 

FSt + AMs latex 

a

b



29 
 

  

All of the results suggest that perhaps the particles are aggregating during 

the dialysis process. This polymerization reaction yields very small, very hairy 

particles (Figure 19) that are made of extremely hydrophobic components. The 

particles made up with PFs are even more lyophobic because the presence of 

fluorine makes them incompatible with most organic solvents as well. Once the 

stabilization provided by the presence of the surfactants is removed during the 

dialysis process, these soft, hairy particles combine and tangle in such a way that 

complete redispersion becomes impossible afterwards, regardless of the solvent 

used – redispersion was attempted with ethanol, THF, DMF, DCM, and 

chloroform.  

 
Figure 19. Cartoon of a PFs + ASt latex 

 This led to a more detailed observation of the entire reaction. The reaction 

was repeated again. However, this time, samples were taken and analyzed by 

DLS after each step of the process: after the emulsion was made, after the 

polymerization reaction was complete, and during dialysis. Figure 20 (Appendix) 

demonstrates how the reaction size distribution does not change much before 

and after polymerization. It also shows the particles starting to aggregate a few 

hours after dialysis starts. As soon as evidence of aggregation appeared, the 

reaction mixture was removed from the dialysis tubes.  
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III. Click reaction with the cross-linked copolymer cores: 

 Because of the issues with solvation, we tried clicking PEG5000, a 

propargylated hydrophilic molecule, onto the latex after it was lyophilized from 

water. The reaction was allowed to run for 24 hours and for 48 hours. Both of 

these reactions were successful, as indicated by two different factors. First of all, 

the solubility of the latex improved in water. Secondly, IR data of the latex before 

and after indicated that the azide functional groups had been used up during the 

click reaction. Despite the success of this reaction, the size of the latex particles 

did not change, i.e. they were still larger than expected. This was because the 

latex had already become entangled with itself. By clicking on the PEG5000, we 

only adjusted the solubility of the aggregates.  

These results indicate the solubility of the latex needs to be corrected 

before the aggregation can occur. To accommodate this, the general procedure 

for the miniemulsion polymerization reaction had to be modified before the 

surfactants could be removed. In doing this, we would prepare the latex for 

aqueous conditions before introducing it to this new environment. For this 

reason, we attempted to click PEG5000 onto the latex after only partially removing 

some of the surfactant. The click reaction was done using the solution described 

in Figure 8(c). Using the copper(I) catalyzed 1,3-dipolar azide-alkyne reaction 

previously described, the latex particles were clicked with propargylated PEG5000. 

This would, in turn, make the latex more hydrophilic and prevent aggregation 

from occurring when the surfactant is removed. Table 5 (Experimental section) 
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shows the different conditions that were used to click the latex, while Figure 21 

(Appendix) depicts the DLS histogram of latex that has been clicked under the 

various conditions. According to this data, the eight-day click reaction has the 

best size distribution because it shows the least number of peaks and both peaks 

have a very narrow distribution. However, the five-hour reaction that took place in 

the presence of TBTA is not far behind. This reaction shows three peaks, each 

with a very narrow distribution.     
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CONCLUSIONS 

The purpose of this research was two fold: to enhance on the current 

knowledge available for miniemulsion polymerization reactions and to use this 

knowledge to synthesize nanosized latex particles whose physical properties can 

be adjusted to various environments. The first goal was achieved with the 

compilation of the library of surfactant combinations for emulsion reaction. This 

library showed that the size of the latex can be controlled through the type of 

surfactant used, the structure of the monomer and the amount of surfactant used. 

And by compiling all this data into one location, it makes it easier to come up with 

plausible starting conditions for an emulsion reaction if you are attempting to 

synthesize latex with a specific size. For example, if you wanted to synthesize 

latex using 4-methylstyrene as you monomer, but you also wanted to vary the 

size of the latex using dilution, you might start with a surfactant combination that 

gave different size distributions (according to DLS) before and after the emulsion 

was diluted.  

However, this library can only give you a starting point. As is indicated by 

the research in this paper, you will probably find something unexpected as the 

reaction proceeds. In the case of this thesis, the unusually small size of the latex 

particles synthesized makes them difficult to purify without resulting in permanent 

aggregation and entanglement. We seem to have been able to overcome this 

problem by clicking PEG5000 onto the azide functional groups of the latex before 

removing the particles from the stable environment provided by the presence of 
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surfactants. However, this method needs to be optimized, and more data needs 

to be collected on the resulting latex particles. One option would be to try 

initiators with different hydrophobicities. Because a more hydrophobic initiator 

would reside in the monomer droplet, this may result in particles that are less 

hairy and therefore easier to handle and purify after synthesis.  

As a result, future work for this project would include, optimizing the click 

reaction and collecting TEM images, DLS data and AFM images of the particles 

after product purification and properly characterizing the latex. Once this is done, 

we can use thiol based reactions further enhance the latex, and to explore some 

of its applications. For example, a Grubb’s catalyst could be attached to the latex 

via thiol reactions, and then we can adjust the physical properties of the Grubbs 

catalyst by adjusting the molecule that is clicked with the azide functional groups. 

If we use PEG5000 as we have begun to, then we can make the Grubb’s catalyst 

more amenable to aqueous environments.  

I believe that this research has a lot of potential, and that the information 

compiled thus far can be really helpful once published, but we just need a little 

more information to really make the data come together.  
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APPENDICES 

General Procedures and Materials: 

i. All reagents and solvents were provided by commercial suppliers and 

used without further purification unless otherwise noted.  

ii. Monomer inhibitors were removed by passing the monomers through a 

column of neutral alumina and kept in a fridge until used. 

iii. DLS measurements were performed on a Malvern Zetasizer with a He-Ne 

laser (633 nm) at an angle of 173o and automatic temperature corrections. 

The system was calibrated so that the refractive index was specific for 

polystyrene using the viscosity of water. Based on TEM images, DLS data 

reasonably close (in the same order of magnitude) and could be used for 

comparison between latex particles. 
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I. Study of monomer/surfactant emulsions:  

DLS spectra for the study of monomer/surfactant emulsions  

 

 
Figure 4. DLS Histograms for SDS, SDS + SLB and SDS + Kol. (a,b) SDS – shows consistent 
size distribution between all monomers; size distribution widens and varies slightly after dilution. 
(c, d) SDS + SLB – shows consistent size distribution of the micelles with slight variations be-
tween the droplet sizes when comparing various monomer combinations; size distribution widens 
after dilution. (e, f) SDS + Kol - shows consistent size distribution of the micelles with large varia-
tions between the droplet sizes when comparing various monomer combinations; size distribution 
widens after dilution, but also seems to become for consistent between monomers. 
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Figure 5. DLS Histograms for SDS + KNFS, SDS + THFOS and SDS + CTAB. (a,b) SDS + KNFS 
– size distribution between all monomers only shows slight variations; the size of the micelles are 
similar after dilution, but the monomer droplets show a decrease in size or completely disappear. 
(c, d) SDS + THFOS – shows consistent size distribution of the micelles with a wider distribution 
of the droplet sizes for experiments with PFs; size distribution widens drastically after dilution. (e, 
f) SDS + CTAB – peaks seen are probably due to aggregation of the surfactants.  
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Figure 6. DLS Histograms for SDS + KS, SDS + KPFO, SLB and SLB + Kol. (a) SDS + KS – no 
peaks were seen for the pre-diluted solution; after dilution, there only seemed to be aggregates. 
(b, c) SDS + KPFO – St is the only one that shows a micelles before dilution; after dilution, all 
three monomer combinations show micelles, with the PFs + St having the sharpest peak. (d, e) 
SLB – there are variations in size distribution that seem to disappear after dilution. (f) SLB + Kol – 
St reaction mixture does not show any micelles or monomer droplets, but the reaction mixtures 
with PFs show similar size distributions.  
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Figure 7. DLS Histograms for SLB + Kol, SLB + KNFS, SLB + THFOS, and SLB + CTAB (a) SLB 
+ Kol – shows consistent micelle size distribution for all three monomer groups, and St also 
shows  a monomer droplet. (b, c) SLB + KNFS – Shows variations in size distribution between 
the monomers that decrease drastically after dilution. (d, e) SLB + THFOS – there are large varia-
tions in size distribution before and after dilution. (f) SLB + CTAB – all three monomer combina-
tions show large distributions after 100 nm, there is probably a lot of aggregation due to reactions 
between the surfactants.  
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Figure 8. DLS Histograms for SLB + CTAB, SLB + KS, SLB + KPFO, and Kol (a) SLB + CTAB – 
shows a wide size distribution with the St monomer reaction mixture being the only one that 
shows a broad micelle peak. (b, c) SLB + KS – Shows a lot of variations in size distribution before 
and after dilution. (d, e) SLB + KPFO – shows a large variation in size distribution that seems to 
decrease into obvious micelle and monomer droplet peaks after dilution. (f) Kol – there is a con-
sistent micelle peak for all the monomer combinations, but there are variations in the size distribu-
tion of the monomer droplets.  
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Figure 9. DLS Histograms for Kol, Kol + KNFS, Kol + THFOS, and Kol + CTAB (a) Kol – shows 
that the amount monomer droplets decrease after dilution. (b, c) Kol + KNFS – shows micelle 
peaks that are consistent between the different monomer combinations as well as a droplet peak 
(for the St monomer); there isn’t much variation between the histograms before and after dilution. 
(d, e) Kol + THFOS – shows a large variation in size distribution of monomer droplets, but the 
size distribution of the micelles is the same for the different monomer combinations; after dilution, 
the amount of monomer in the monomer droplet decreases. (f) Kol + CTAB – there are some var-
iations in the size distribution of the monomer droplets.  
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Figure 10. DLS Histograms for Kol + CTAB, Kol + KS, Kol + KPFO and KNFS (a) Kol + CTAB – 
shows that the size of the monomer droplets becomes more consistent between the monomer 
combinations after dilution. (b, c) Kol + KS – shows peaks for the PFs combination only before 
dilution; after dilution, the PFs peaks vary and wide St peaks start to appear. (d, e) Kol + KPFO – 
shows variations in size distribution of monomer droplets for the different monomer combinations; 
the size distribution widens after dilution. (f) KNFS – there are some variations in the size distribu-
tion of the monomer droplets.  
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Figure 11. DLS Histograms for KNFS, KNFS + THFOS, KNFS + CTAB and KNFS + KS (a) KNFS 
– shows that the peaks for the size distribution of the monomer droplets increases after dilution. 
(b, c) KNFS + THFOS – shows some similarities in the size distribution of the St and PFs mono-
mers, with PFs having sharper peaks; after dilution, the peaks widen for all three monomer com-
binations peaks for the PFs combination only before dilution; after dilution, the PFs peaks vary 
and wide St peaks start to appear. (d, e) KNFS + CTAB – the data are inconsistent when compar-
ing the different monomer combinations and also before and after dilution, probably due to ionic 
interactions between the surfactants. (f) KNFS + KS – there are some variations in the size distri-
bution of the monomer droplets, however, the micelle size distribution seems to be consistent.  
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Figure 12. DLS Histograms for KNFS + KS, KNFS + KPFO, THFOS and THFOS + CTAB (a) 
KNFS + KS – shows that, after dilution, the peaks for St disappear, the amount of PFs in micelles 
decreases and the two PFs + St mixture monomer peaks merge. (b, c) KNFS + KPFO – shows a 
large variation between the three monomer peaks that increases after variation. (d, e) THFOS – 
only PFs shows micelle and monomer droplet peaks before dilution; after dilution, all three mon-
omer combinations show peaks, but they are inconsistent with each other, and the peaks all show 
a wide distribution. (f) THFOS + CTAB – there are variations in the size of the monomer droplets 
when comparing the different monomer combinations, PFs has the sharpest peaks.  
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Figure 13. DLS Histograms for THFOS + CTAB, THFOS + KS, THFOS + KPFO and CTAB (a) 
THFOS + CTAB – shows that the size distribution becomes more consistent between monomer 
droplets after dilution. (b, c) THFOS + KS – shows two different micelles and a monomer droplet 
before dilution for the PFs monomer only; after dilution, there is a there is only one micelle peak 
and one monomer droplet peak, both have a wider size distribution. (d, e) THFOS + KPFO – 
shows large variations in size distribution when comparing different monomer combinations; this 
variation only increases after dilution. (f) CTAB – no peaks are seen for the St monomer, micelle 
peaks seems consistent for the PFs and PFs + St combinations.  
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Figure 14. DLS Histograms for CTAB, CTAB + KS, CTAB + KPFO, and KS (a) CTAB – all three 
monomer combinations show consistent micelle peaks and similar monomer droplet peaks after 
dilution. (b, c) CTAB + KS – shows narrow peaks for the St and PFs + St monomer combinations 
that widen and merge after dilution, sizes seen are relatively large possibly due to interactions 
between surfactants. (d, e) CTAB + KPFO – the data are not consistent between monomer com-
binations, after dilution, the data becomes more consistent, but the size distribution is also wider, 
this is probably due surfactant interactions. (f) KS – no data was collected for the pre-diluted reac-
tion mixture as there were no peaks, after the dilution, no peaks are seen for the St monomer, a 
micelle peak is seen for the PFs + St monomer combination, and there are monomer peaks for 
the PFs and the PFs + St combinations.  
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Figure 15. DLS Histograms for KS + KPFO and KPFO (a, b) KS + KPFO – there are no peaks 
before dilution, however after dilution, all three monomer combinations show monomer droplets 
with varying size distributions. (c, d) KPFO – the size distribution varies between the monomer 
combinations, where St shows a narrow micelle peak, PFs does not show anything and PFs + St 
shows a monomer droplet peak; after dilutions, the size distribution between the monomer com-
binations show compares together more, however the distribution is also really wide.  
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Summary of DLS histograms for the study of monomer/surfactant emulsions  

 

St Experiments 

 SDS SLB Kol KNFS THOFS CTAB KS KPFO 

SDS ma, 0.99, 
330 m, 1.6, 380 m, 1.2, 

110 db, 4.0, 190 m, 0.93, 
300 sc, 260 - s, 0.62 

SLB  m, 4.7, 720 - m, 32, 670 - s, 240 d, 19, 250 d, 48, 350 

Kol   
m, 1.2, 

750 d, 3.8,55 m, 1.1, 
1120 

d, 120, 
1260 - d, 60, 240 

KNFS    s, 86 d, 2.5, 61 - m, 4.5, 
820 d, 2.5, 200 

teaHOFS     - m, 34, 
1490 - s, 0.61 

CTAB      - d, 43, 370 s, 106 
KS       - - 

KPFO        s, 4.2 
PFs Experiments 

 SDS SLB Kol KNFS THOFS CTAB KS KPFO 

SDS m, 0.99, 
410 

m, 1.7,  
610 

m, 1.0, 
480 d, 3.8, 760 m, 0.98, 

350 s, 430 - - 

SLB  
 d, 2.8, 50 d, 2.5, 56 s, 190 m, 28, 

1110 s, 225 s, 2.4 d, 120, 
1140 

Kol  
  d, 1.1, 97 s, 3.4 m, 1.1, 

1160 m, 23, 700 m, 1.1, 
760 d, 35, 215 

KNFS  
   s, 215 d, 2.7, 50 s, 170 m, 1.7, 

1360 - 

teaHOFS  
    d, 3.2, 80 d, 32, 224 m, 1.26, 

77 
m, 6.3, 

251 

CTAB  
     d, 1.1, 37  - m, 2.35, 

270 

KS  
      - - 

KPFO  
       - 

PFs + St Experiments 
 SDS SLB Kol KNFS THOFS CTAB KS KPFO 

SDS m,  1.1, 
340  d, 1.80, 39 m, 1.1, 

550 d, 5.5, 165 m, 1.0, 
340 s, 340 - - 

SLB  d, 2.9, 33 d, 2.5 ,67 d, 4.5, 140 m, 6.6, 
188 s, 150 - d, 140, 

410 

Kol   d, 1.1, 110 s, 3.3 m, 1.1, 
340 d, 85, 740 - s, 185 

KNFS    d, 72, 495 s, 99 m, 0.6, 180 m, 4.3, 
530 s, 860 

teaHOFS     - d, 141, 750 - s, 3.4 
CTAB      d, 0.95, 3.4 s, 37 d, 1.1, 345 

KS       - - 
KPFO        s, 220 

Table 4. Summary of miniemulsion DLS histograms. a Samples with a multimodal size 
distribution, the maximum and minimum size peak values are given; b DLS data that show a 
bimodal size distribution, followed by the peak values; c Data that shows a unimodal distribution, 
the size of the particles are given by the peak.  
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St Experiments 

 SDS SLB Kol KNFS THOFS CTAB KS KPFO 

SDS ma, 1.1, 
120 m, 1.7, 192 m, 1.3, 

205 d, 3.4, 43 m, 1.57, 
150 s, 139 s, 1900 d, 3.3, 67 

SLB  d, 2.4, 210 d, 2.15, 72 d, 4.2, 370 m, 2.15, 
138 

d, 4.25, 
400 s, 1720 s, 130 

Kol   
m, 1.8, 

150 d, 4.5, 92 m, 1.5, 
125 s, 167 m, 1.32, 

175  s, 209 

KNFS    s, 105 s, 48 - - s, 135 

teaHOFS     
m, 3.62, 

520 s, 210 - m, 4.3, 
410 

CTAB      
m, 1.1, 

240 s, 126 s, 335 

KS       - s, 81 
KPFO        s, 107 

PFs Experiments 
 SDS SLB Kol KNFS THOFS CTAB KS KPFO 

SDS m, 1.3, 240 d, 1.6, 140 m, 1.25, 
250 d, 5.3, 260 m, 1.42, 

139 s, 156 s, 1050 d, 3.3, 91 

SLB  
 s, 2.7 s, 2.45 s, 5.6 d, 2.45, 

132 s, 160 m, 2.4, 
223 

d, 3.90, 
205 

Kol  
  m, 1.7, 

340 s, 4.8 m, 1.3, 
205 s, 229 m, 0.65, 

881 s, 120 

KNFS  
   s, 170 d, 7.5, 31 s, 215 m, 8.1, 

1710 d, 38, 141 

teaHOFS  
    m, 1.41, 

190 s, 245 d, 2.82, 
150 d, 50, 240 

CTAB  
     m, 0.73, 

161 - s, 240 

KS  
      s, 405 s, 400 

KPFO  
       d, 38, 195 

PFs + St Experiments 
 SDS SLB Kol KNFS THOFS CTAB KS KPFO 

SDS m, 1.3, 370 d, 1.8, 80 m, 1.3, 
145 s, 4.95 m, 1.6, 

165 s, 222 s, 830 s, 1.5 

SLB  s, 2.5 s, 2.3 s, 4.4 d, 2.9, 125 s, 220 s, 630 d, 4.0, 167 

Kol   d, 1.6, 44 s, 4.8 m, 1.5, 
250 d, 42, 155 - s, 135 

KNFS    s, 105 s, 35 - d, 6.9, 75 d, 4.4, 210 

teaHOFS     m, 1.70,  
295 d, 40, 211 - m, 3.6, 

205 

CTAB      m, 0.82, 
161 s, 480 d, 0.63, 

200 

KS       m, 0.57, 
1280 s, 180 

KPFO        s, 74 
Table 5. Summary of DLS histograms from miniemulsions after a ten-fold dilution. a Samples with 
a multimodal size distribution, the maximum and minimum size peak values are given; b DLS data 
that show a bimodal size distribution, followed by the peak values; c Data that shows a unimodal 
distribution, the size of the particles are given by the peak.  
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II. Miniemulsion polymerizations of cross-linked latex cores:  

Comparison of TEM and DLS data 

(a)  

(b)  (c)  
Figure 17. Comparison of DLS and TEM data of a PFs + ASt latex, 2 hr reaction time, simple 
sonication. (a) TEM images of the latex surrounded by remaining surfactant, scales: 2 μm, 1 μm. 
(b) DLS data – Intensity (%) vs size (d. nm). (c) a bar graph showing the compilation of all the 
data collected from various TEM images of the latex – count (#) vs size (d. nm) 
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Figure 18. Variations to the emulsion polymerization reaction conditions. DLS data is plotted as 
Intensity (%) vs size (d. nm). 
 

 
Figure 20. Chronological DLS histogram of one emulsion polymerization reaction. (a) emulsion of 
the reaction mixture. (b) 3.5 hour emulsion polymerization reaction. (c) 3.5 hours after dialysis 
started.    
 

0

2

4

6

8

10

12

14

16

18

20

0.01 0.1 1 10 100 1000

In
te

ns
ity

 (%
) 

Size (d. nm) 

PFs + ASt Latex 

a

b

c



51 
 

  

III. Click reaction with the cross-linked copolymer cores: 

 
Figure 21. DLS histograms of clicked latex. (a) latex that has been clicked with propargylated 
PEG, overnight reaction. (b) latex that has been clicked with propargylated PEG in the presence 
of TBTA, which acted as a ligand for the reaction, overnight reaction. (c) latex that has been 
clicked with propargylated PEG, 8 day reaction time. 
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