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CHAPTER I 

INTRODUCTION 

 

1.1 Statement of Problem 

Formation of polymer brushes is recognized as one of novel routes for 

surface modification. In principle, the most versatile approach used for generating 

polymer brushes is the “grafting from” or the “surface-initiated polymerization”, in 

which polymerization is initiated from initiators coupled covalently to the surface. 

From this technique, one can grow very high-density and high-stability polymer 

brushes on a substrate if proper conditions are employed.  

There is growing interest in atom transfer radical polymerization (ATRP) 

since it was discovered in 1995. The living characteristic and the compatibility with 

a variety of functional monomer render ATRP an attractive method for surface-

initiated polymerization in producing well-defined polymer brushes. The process not 

only allows a better control of target molecular weight and molecular weight 

distribution but can also be used for the synthesis of block copolymer. 

Diblock copolymer brushes have many attractive properties such as phase 

separation, ability to form nanopattern surface. Because of the different physical 

properties such as solubility and glass transition temperature, the diblock copolymer 

brushes are capable to response to the external stimuli such as solvent, temperature. 

Fluoropolymers are known to exhibit an affinity for the air interface in polymeric 

materials. If the fluoropolymer is incorporated into the diblock copolymer brushes, 

the migration of its fluorine moieties to the polymer-air interface is believed to 

constitute a novel surface rearrangement mechanism in response to the external 

stimuli. 

In this research, two series of homopolymer brushes of poly(2,2,2-

trifluoroethyl methacrylate) (PTFMA) and poly(tert-butyl methacrylate) (Pt-BMA) 
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and one series of diblock copolymer brushes of poly(2,2,2-trifluoroethyl 

methacrylate) and poly(tert-butyl methacrylate) (PTFMA-b-Pt-BMA) were prepared 

by surface-initiated ATRP from α-bromoisobutyrate-based initiator anchored onto 

silicon oxide substrates, using CuBr/PMDETA as a catalytic system. By subsequent 

acid hydrolysis, homopolymer brushes of poly(methacrylic acid) and diblock 

copolymer brushes of poly(2,2,2-trifluoroethyl methacrylate) and poly(methacrylic 

acid) (PTFMA-b-PMAA) can be generated. The growth of homopolymer and 

diblock copolymer brushes is monitored by contact angle measurement, ellipsometry 

and gel permeation chromatography. 

The diblock copolymer brushes are subjected to solvent treatment. Effects of 

the relative block length of the copolymer and treatment time are explored. We 

anticipate that the diblock copolymer brushes can response to the solvent treatment 

as a rearrangement mechanism and capitalize on the wettability of the diblock 

copolymer brushes.  

 

1.2 Objectives 

1. To synthesize fluorine-containing diblock copolymer brushes by surface-

initiated atom transfer radical polymerization   

2. To study wettability of fluorine-containing diblock copolymer brushes in 

response to solvent treatment 

 

1.3 Scope of Investigation 

    The stepwise investigation was carried out as follows. 

1. Literature survey for related research work. 

2. To immobilize α-bromoester-containing initiator on silicon oxide 

surfaces. 
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3. To synthesize homopolymer brushes of PTFMA and Pt-BMA by surface-

initiated polymerization from silicon oxide surfaces containing α-

bromoester groups.   

4. To synthesize diblock copolymer brushes of PTFMA-b-Pt-BMA by 

surface-initiated polymerization from silicon oxide surfaces containing α-

bromoester groups. 

5. To synthesize diblock copolymer brushes of PTFMA-b-PMAA by acid 

hydrolysis of PTFMA-b-Pt-BMA 

6. To investigate the wettability of diblock copolymer brushes in response 

to solvent treatment 

 

 
 
 
 
 
 
 
 
 
 
 
 



CHAPTER II 

THEORY AND LITERATURE REVIEW 

 
2.1 Fluoropolymer 

Fluoropolymers, the polymers consisting of fluorine atom, are widely 

applicable because of their heat and chemical resistance, weatherability, low 

refractive index [1], a low relative permittivity [2], non-cohesiveness, a low friction 

coefficient [3] and electric insulating properties [4]. Due to these unique properties, 

fluorinated polymers find diverse applications in electronics, optics, biomaterials [5], 

lubricants and surfactants and coatings [6]. Furthermore, a fluorinated block plays a 

role in the construction of ordered structures as a component different from a 

hydrophilic or oleophilic block [7]. When the surface is uniformly covered with a 

trifluoromethyl (CF3) array, a very low energy surface can be achieved. It is known 

to exhibit an affinity for the air interface in polymeric materials [8]. Fluoropolymers 

bring about dramatic changes in their physical properties with respect to the 

corresponding fully hydrogenated materials. Up to date synthesis and properties of 

various types of fluorine-containing polymers have been reviewed. Incorporation of 

fluorinated moieties in polymers is carried out using different methods: (1) 

participation of fluorinated unit in main chain, (2) modification of polymer terminals 

by fluorinated derivatives, and (3) fluorination of polymer side chains. 

In 2004, Jennings and Brantley [9] reported a strategy to prepare partially 

fluorinated polymer films by utilizing surface-initiated films of poly(2-hydroxyethyl 

methacrylate) (PHEMA) grown onto gold surfaces via atom transfer radical 

polymerization (ATRP). And polymer films were fluorinated by the acylation 

between hydroxyl side chains of PHEMA and fluorinated acid chlorides to yield 

partially fluorinated surface-initiated polymer films. Film properties depend on the 

chemical composition and length of the fluorinated side chains. A longer fluoroalkyl 

side group on PHEMA greatly improves the film properties in all areas-higher 
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resistance, lower capacitance and critical surface tension, and better defined 

structures as compared with a shorter fluoroalkyl chain. 

In the same year, Ober and co-workers [10] synthesized styrene-based 

homopolymer and diblock copolymer brushes bearing semifluorinated alkyl side 

groups by surface-initiated nitroxide-mediated controlled radical polymerization 

(NMP) on planar silicon oxide surfaces. Water contact angle measurements showed 

that, in the case of the diblock copolymer brushes, the second block to be added was 

always exposed at the polymer-air interface regardless of its surface energy. These 

results support the idea that after grafting the first block onto the surface of the 

nitroxide-end capped polymer chains were able to polymerize the second block in a 

“living” fashion and the stretched brush so formed was dense enough that the 

outermost block in all cases completely covers the surface. The surface behavior 

observed for these brushes holds very important implications for the stability of such 

surfaces toward reconstruction when exposed to different environments, which is a 

crucial requirement in application fields, ranging from the coating technology to 

biotechnology, where stable and non-reconstructing surfaces are needed. Time-

dependent water contact angle measurements revealed that the orientation of the side 

chains of the brush improved the surface stability toward reconstruction upon 

prolonged exposure to water. 

Brittain et al. [11] used “grafting from” surface-initiated atom transfer radical 

polymerization (ATRP) technique to synthesize a series of  semifluorinated diblock 

copolymer brushes, consisting either of polystyrene (PS) or poly(methyl acrylate) 

(PMA) as first (inner) block and poly(semifluorinated acrylates) (outer) block. Four 

poly(semifluorinated acrylates) such as poly(pentafluorostyrene) (PPFS), 

poly(heptadecafluorodecyl acrylate) (PHFA), poly(pentafluoropropyl acrylate) 

(PPFA), and poly(trifluoroethyl acrylate) (PTFA) were used. The diblock copolymer 

brushes were treated with a good and poor fluoropolymer solvent to induce 

rearrangement of the chains at the surface. Tensiometry data indicate the polymer 

brush layers reversibly rearrange to form either a hydrocarbon polymer enriched or a 

fluoropolymer enriched air-polymer interface depending upon the nature of the 
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solvent. All the diblock systems except the systems containing PHFA were shown to 

exhibit water contact angles typical for the hydrocarbon polymer block after solvent 

treatment. The highly fluorinated PHFA diblock copolymer systems exhibited 

incomplete surface rearrangement. 

Recently, Baker and colleagues [12] employed the acylation method to 

prepare porous alumina membranes coated with fluorinated poly(HEMA) films. 

Fluorinated monomers were also directly grafted from surfaces. They reported 

derivatization of poly(2-hydroxyethyl methacrylate) (PHEMA) coatings with octyl 

(C8-PHEMA), hexadecyl (C16-PHEMA), or pentadecafluorooctyl (fluorinated 

PHEMA) side chains provides films that are sufficiently hydrophobic to allow 

selective pervaporation of volatile organic compounds (VOCs) from water. For all of 

these derivatized PHEMA membranes, VOC/water selectivities generally increase 

with decreasing solubility of the VOC in water. 

 
 
2.2 Living Polymerization 

  Synthetic polymers are long-chain molecules possessing uniform repeat units 

(mers). The chains are not all the same length. These giant molecules are of interest 

because of their physical properties, in contrast to low molecular weight molecules, 

which are of interest due to their chemical properties. Possibly the most useful 

physical property of polymers is their low density versus strength.  

When synthetic polymers were first introduced, they were made by free 

radical initiation of single vinyl monomers or by chemical condensation of small 

difunctional molecules. The range of their properties was understandably merger. 

Random copolymers are greatly expanding in the range of useful physical properties 

such as toughness, hardness, elasticity, compressibility, and strength, however, 

polymer chemists realized that their materials could not compare with the properties 

of natural polymers, such as wool, silk, cotton, rubber, tendons, and spider webbing. 

The natural polymers are generally condensation polymers made by addition of 

monomer units one at a time to the ends of growing polymer chains. Polymerization 
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of all chains stops at identical molecular weights. For some time polymer chemists 

have realized that to approach nature’s degree of sophistication, new synthetic 

techniques would be needed. 

  Conventional chain-growth polymerizations, for example, free radical 

synthesis, consist of four elementary steps: initiation, propagation, chain transfer, 

and termination. As early as 1936, Ziegler proposed that anionic polymerization of 

styrene and butadiene, consecutive addition of monomer to an alkyl lithium initiator 

occured without chain transfer or termination. During transferless polymerization, 

the number of polymer molecules remains contant. Since there is no termination, 

active anionic chain ends remain after all of the monomer has been polymerized. 

When fresh monomer is added, polymerization resumes. The name “living 

polymerization” was coined for the method by Szwarc [13], because the chain ends 

remain active until killed. The term has nothing to do with living in the biological 

sense. Before Szwarc’s classic work, Flory [14] had described the properties 

associated with living polymerization of ethylene oxide initiated with alkoxides. 

Flory noted that since all of the chain ends grow at the same rate, the molecular 

weight is determined by the amount of initiator used versus monomer (Eq.1) 

                       Degree of polymerization = [monomer]/[initiator]                          (2.1) 

  Another property of polymers produced by living polymerization is the very 

narrow molecular weight distribution. The polydispersity (D) has a Poisson 

distribution, D = M w/ M n = 1 + (1/dp); M w is the average molecular weight 

determined by light scattering, M n is the average molecular weight determined by 

osmometry, and dp is the degree of polymerization (the number of monomer units 

per chain). The values of M w and M n can also be determined by gel permeation 

chromatography (GPC). A living polymerization can be distinguished from free 

radical polymerization or from a condensation polymerization by plotting the 

molecular weight of the polymer versus conversion. In a living polymerization, the 

molecular weight is directly proportional to conversion (Figure 2.1, line A). In a free 

radical or other nonliving polymerization, high molecular weight polymer is formed 
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in the initial stages (line B), and in a condensation polymerization, high molecular 

weight polymer is formed only as the conversion approaches 100% (line C). 

 

Figure 2.1 Molecular weight conversion curves for various kinds of polymerization 

methods: (A) living polymerization; (B) free radical polymerization; and (C) 

condensation polymerization. 

  Living polymerization techniques give the synthetic chemist two particularly 

powerful tools for polymer chain design: the synthesis of block copolymers by 

sequential addition of monomers and the synthesis of functional-ended polymers by 

selective termination of living ends with appropriate reagents. The main architectural 

features available starting with these two basic themes are listed in Figure 2.2 along 

with applications for the various polymer types. Although living polymerization of 

only a few monomers is nearly perfect, a large number of other systems fit theory 

close enough to be useful for synthesis of the wide variety of different polymer chain 

structures. In general, the well-behaved living systems need only an initiator and 

monomer, as occurs in the anionic polymerization of styrene, dienes, and ethylene 

oxide. For an increasing number of monomers, more complex processes are needed 

to retard chain transfer and termination. These systems use initiators, catalysts, and 

sometimes chain-end stabilizers. The initiator begins chain growth and in all systems 

is attached (or part of it, at least) to the nongrowing chain end. The catalyst is 

necessary for initiation and propagation but is not consumed. The chain-end 
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stabilizer usually decreases the polymerization rate. When the catalyst is a Lewis 

acid (electron-pair acceptor), the stabilizer will likely be a Lewis base (electron-pair 

donor), and vice versa. In all systems, the initiation step must be faster than or the 

same rate as chain propagation to obtain molecular weight control. If the initiation 

rate is slower than the propagation rate, the first chains formed will be longer than 

the last chains formed. If an initiator with a structure similar to that of the growing 

chain is chosen, the initiation rate is assured of being comparable to the propagation 

rate. A number of living systems operate better if excess monomer is present. A 

possible explanation is that the living end is stabilized by complexation with 

monomer [15]. Large counterions tend to be more effective than small counterions in 

living polymerization systems even when the ionic center is only indirectly involved. 

 

Figure 2.2 Architectural forms of polymers available by living polymerization 

techniques. 

  In this research, free radical process for living polymerization is selected and 

described. The concept of using stable free radicals, such as nitroxides, to reversibly 

react with the growing polymer radical chain end can be traced back to the 

pioneering work of Rizzardo and Mozd [16]. After further refinement by Georges 

[17], the basic blueprint for all subsequent work in the area of “living” free radical 
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polymerization was developed. Subsequently, the groups of Sawamoto[18], 

Matyjaszewski [19], Percec [20] and others [21-22] have replaced the stable 

nitroxide free radical with transition metal species to obtain a variety of copper-, 

nickel-, or ruthenium-mediated “living” free radical systems. These systems were 

called atom transfer radical polymerization (ATRP). This mechanism is an efficient 

method for carbon-carbon bond formation in organic synthesis. In some of these 

reactions, a transition-metal catalyst acts as a carrier of the halogen atom in a 

reversible redox process (Figure 2.3). Initially, the transition-metal species, Mt
n, 

abstracts halogen atom X from the organic halide, RX, to form the oxidized species, 

Mt
n+1X, and the carbon-centered radical R•. In the subsequent step, the radical R• 

participates in an inter- or intramolecular radical addition to alkene, Y, with the 

formation of the intermediate radical species, RY•. The reaction between Mt
n+1X and 

RY• results in a target product, RYX, and regenerates the reduced transition-metal 

species, Mt
n, which further promotes a new redox process. The fast reaction between 

RY• and Mt
n+1X apparently suppresses biomolecular termination between alkyl 

radicals and efficiently introduces a halogen functional group X into the final 

product in good to excellent yields. 
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Figure 2.3 Mechanism of ATRP. 

  The ATRP system relies on one equilibrium reaction in addition to the 

classical free-radical polymerization scheme (Figure 2.4). In this equilibrium, a 

dormant species, RX, reacts with the activator, Mt
n, to form a radical R• and 

deactivating species, Mt
n+1X. The activation and deactivation rate parameters are kact 

and kdeact, respectively. Since deactivation of growing radicals is reversible, control 
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over the molecular weight distribution and, in the case of copolymers, over chemical 

composition can be obtained if the equilibrium meets several requirements [23-24].  

  1. The equilibrium constant, kact/kdeact, must be low in order to maintain a low 

stationary concentration of radicals. A high value would result in a high stationary 

radical concentration, and as a result, termination would prevail over reversible 

deactivation. 

  2. The dynamics of the equilibrium must be fast; i.e. deactivation must be 

fast compared to propagation in order to ensure fast interchange of radicals in order 

to maintain a narrow molecular weight distribution. 

R-X + Mt
n kact

kdeact
R + Mt

n+1X
 

Figure 2.4 Equilibrium reaction in ATRP [25]. 

 

  Transition metal complexes (catalyst) are perhaps the most important 

components of ATRP. It is the key to ATRP since it determines the position of the 

atom transfer equilibrium and the dynamics of exchange between the dormant and 

active species. There are several prerequisites for an efficient transition metal 

catalyst. First, the metal center must have at least two readily accessible oxidation 

states separated by one electron. Second, the metal center should have reasonable 

affinity toward a halogen. Third, the coordination sphere around the metal should be 

expandable upon oxidation to selectively accommodate a (pseudo)-halogen. Fourth, 

the ligand should complex the metal relatively strongly. Eventually, the position and 

dynamics of the ATRP equilibrium should be appropriate for the particular system. 

A variety of transition-metal complexes have been studied as ATRP catalysts. 

 Copper catalysts are superior in ATRP in terms of versatility and cost. 

Styrenes, (meth)acrylate esters and amides, and acrylonitrile have been successfully 
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polymerized using copper-mediated ATRP. Examples of copper complexes used in 

ATRP are shown in Figure 2.5. 

 

Figure 2.5 Copper complexes used as ATRP catalysts [26]. 

 

Nitrogen ligands have been used in copper-mediated ATRP. The 

monodentate (e.g., N(nBu)3), bidentate (e.g., dNbpy), and multidentate nitrogen 

ligands have been applied to copper-based ATRP. The electronic and steric effects of 

the ligands are important. Reduced catalytic activity or efficiency is observed when 

there is excessive steric hindrance around the metal center or the ligand has strongly 

electron-withdrawing substituents. A recent survey summarized different ligands 

employed in copper-mediated ATRP. The effect of the ligands and guidelines for 

ligand design were reviewed. Activity of N-based ligands in ATRP decreases with 

the number of coordinating sites N4 > N3 >N2 >> N1 and with the number of 

linking C-atoms C2 > C3 >> C4. It also decreases in the order R2N- ≈ PyrEnDash- > 

R-N= > Ph-N= > Ph-NR-. Activity is usually higher for bridged and cyclic systems 

than for linear analogues. Examples of some N-based ligands used successfully in 

Cu-based ATRP are shown in Figure 2.6. 
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Figure 2.6 Examples of ligands used in copper-mediated ATRP [26]. 

 

In 1995, Matyjaszewski has described the use of CuIX (X = Br, Cl) with 2,2’-

bipyridine (bpy) as a “solubilizing” ligand. The active species has been described as 

“CuBr⋅bpy”. This system is active toward styrene, acrylates, and methacrylates 

under the appropriate condition [19]. Percec has also described the role of bpy as 

partially solubilizing the Cu(I)/Cu(II) catalyst [27]. The role of the bpy is to co-

ordinate to Cu(I) to give a pseudo-tetrahedral Cu(I) center in solution (Figure 2.7). 

N

N N

N
Cu + R-Br

N
N N

N

Cu + R

Br

 
 

Figure 2.7 Rotation of the bpy ligands from the tetrahedral and co-ordination of 

halide at the Cu center. 
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Furthermore, in 1997, Matyjaszewski and coworkers [28] has described the 

use of simple amines as ligands for the copper mediated atom transfer radical 

polymerization (ATRP) of styrene, methyl acrylate and methyl methacrylate. The 

simple amines are of interest in ATRP for three general reasons. First, most of the 

simple amines are less expensive, more accessible and more tunable than 2,2’-

bipyridine (bpy) ligands. Second, due to the absence of the extensive π-bonding in 

the simple amines, the subsequent copper complexes are less colored. Third, since 

the coordination complexes between copper and simple amines tend to have lower 

redox potentials than the copper-bpy complex, the employment of simple amines as 

the ligand in ATRP may lead to faster polymerization rates. The example of simple 

amine ligand is N,N,N',N',N''pentamethyldiethylenetriamine (PMDETA). When this 

ligand was employed in ATRP, all the polymerizations were well controlled with a 

linear increase of molecular weights with conversion and relatively low 

polydispersities throughout the reactions. The rate of polymerization showed a 

significant increase, as compared to the corresponding bpy system. The higher 

polymerization rate of PMDETA as the ligand is partially attributed to the lower 

redox potential of the copper(I)-PMDETA complex than the copper(I)-bpy complex, 

which shifts the equilibrium from the dormant species toward the active species 

resulting in the generation of more radicals in the system. The structure of copper 

complex using PMDETA as the ligand was shown in Figure 2.8. 

 

N
N

Cu
N

Br

+ R-Br

N
N

Cu
N

Br

+ R

Br  

Figure 2.8 Proposed Cu(I) and Cu(II) species using PMDETA as ligand. 
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2.3 Polymer Brush 

  Polymer brushes refer to an assembly of polymer chains which are tethered 

by one end to a surface or an interface [29]. Tethering is sufficiently dense that the 

polymer chains are crowded and forced to stretch away from the surface or interface 

to avoid overlapping, sometimes much further than the typical unstretched size of a 

chain. These stretched configurations are found under equilibrium conditions; 

neither a confining geometry nor an external field is required. This situation, in 

which polymer chains stretch along the direction normal to the grafting surface, is 

quite different from the typical behavior of flexible polymer chains in solution where 

chains adopt a random-walk configuration. A series of discoveries show that the 

deformation of densely tethered chains affects many aspects of their behavior and 

results in many novel properties of polymer brushes [29]. 

 Polymer brushes are a central model for many practical polymer systems 

such as polymer micelles, block copolymers at fluid–fluid interfaces (e.g. 

microemulsions and vesicles), grafted polymers on a solid surface, adsorbed diblock 

copolymers and graft copolymers at fluid–fluid interfaces. All of these systems, 

illustrated in Figure 2.9, have a common feature: the polymer chains exhibit 

deformed configurations. Solvent can be either present or absent in polymer brushes. 

In the presence of a good solvent, the polymer chains try to avoid contact with each 

other to maximize contact with solvent molecules. With solvent absent (melt 

conditions), polymer chains must stretch away from the interface to avoid overfilling 

incompressible space.  

 The interface to which polymer chains are tethered in the polymer brushes 

may be a solid substrate surface or an interface between two liquids, between a 

liquid and air, or between melts or solutions of homopolymers. Tethering of polymer 

chains on the surface or interface can be reversible or irreversible. For solid surfaces, 

the polymer chains can be chemically bonded to the substrate or may be just 

adsorbed onto the surface. Physisorption on a solid surface is usually achieved by 

block copolymers with one block interacting strongly with the substrate and another 

block interacting weakly. For interfaces between fluids, the attachment may be 
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achieved by similar adsorption mechanisms in which one part of the chain prefers 

one medium and the rest of the chain prefers the other.  

 

Figure 2.9 Examples of polymer systems comprising polymer brushes. 

 

 Polymer brushes (or tethered polymers) attracted attention in 1950s when it 

was found that grafting polymer molecules to colloidal particles was a very effective 

way to prevent flocculation [29]. In other words, one can attach polymer chains 

which prefer the suspension solvent to the colloidal particle surface; the brushes of 

two approaching particles resist overlapping and colloidal stabilization is achieved. 

The repulsive force between brushes arises ultimately from the high osmotic 

pressure inside the brushes. Subsequently it was found that polymer brushes can be 

useful in other applications such as new adhesive materials [30-31], protein-resistant 



 17

biosurfaces [32], chromotographic devices [33], lubricants [34], polymer surfactants 

[29] and polymer compatibilizers [29]. Tethered polymers which possess low critical 

solution temperature (LCST) properties exhibit different wetting properties above 

and below LCST temperature [35]. A very promising field that has been extensively 

investigated is using polymer brushes as chemical gates. Ito and coworkers [36-38] 

have reported pH sensitive, photosensitive, oxidoreduction sensitive polymer 

brushes covalently tethered on porous membranes, which are used to regulate the 

liquid flowing rate through porous membranes. Suter and coworkers [39-40] have 

prepared polystyrene brushes on high surface area mica for the fabrication of 

organic–inorganic hybrids. Cation-bearing peroxide free-radical initiators were 

attached to mica surfaces via ion exchange and used to polymerize styrene. This 

process is important in the field of nanocomposites. Patterned thin organic films 

could be useful in microelectrics [41], cell growth control [42-43], biomimetic 

material fabrication [44], microreaction vessel and drug delivery [45]. 

   In terms of polymer chemical compositions, polymer brushes tethered on a 

solid substrate surface can be divided into homopolymer brushes, mixed 

homopolymer brushes, random copolymer brushes and block copolymer brushes. 

Homopolymer brushes refer to an assembly of tethered polymer chains consisting of 

one type of repeat unit. Mixed homopolymer brushes are composed of two or more 

types of homopolymer chains [46]. Random copolymer brushes refer to an assembly 

of tethered polymer chains consisting of two different repeat units which are 

randomly distributed along the polymer chain [47]. Block copolymer brushes refer to 

an assembly of tethered polymer chains consisting of two or more homopolymer 

chains covalently connected to each other at one end [48]. Homopolymer brushes 

can be further divided into neutral polymer brushes and charged polymer brushes. 

They may also be classified in terms of rigidity of the polymer chain and would 

include flexible polymer brushes, semiflexible polymer brushes and liquid 

crystalline polymer brushes. These different polymer brushes are illustrated in Figure 

2.10. 
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Figure 2.10 Classification of linear polymer brushes, (a1–a4) homopolymer brushes; 

(b) mixed homopolymer brush; (c) random copolymer brush; (d) block copolymer 

brush. 

 

 Generally, there are two ways to fabricate polymer brushes: physisorption 

and covalent attachment (Figure 2.11). For polymer physisorption, block copolymers 

adsorb onto a suitable substrate with one block interacting strongly with the surface 

and the other block interacting weakly with the substrate. The disadvantages of 

physisorption include thermal and solvolytic instabilities due to the non-covalent 

nature of the grafting, poor control over polymer chain density and complications in 
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synthesis of suitable block copolymers. Tethering of the polymer chains to the 

surface is one way to surmount some of these disadvantages. Covalent attachment of 

polymer brushes can be accomplished by either “grafting to” or “grafting from” 

approaches. In a “grafting to” approach, preformed end-functionalized polymer 

molecules react with an appropriate substrate to form polymer brushes. This 

technique often leads to low grafting density and low film thickness, as the polymer 

molecules must diffuse through the existing polymer film to reach the reactive sites 

on the surface. The steric hindrance for surface attachment increases as the tethered 

polymer film thickness increases. To overcome this problem, the “grafting from” 

approach is a more promising method in the synthesis of polymer brushes with a 

high grafting density. “Grafting from” can be accomplished by treating a substrate 

with plasma or glow-discharge to generate immobilized initiators onto the substrate 

followed by in situ surface-initiated polymerization. However “grafting from” well-

defined self-assembled monolayers (SAMs) is more attractive due to a high density 

of initiators on the surface and a well-defined initiation mechanism. Also progress in 

polymer synthesis techniques makes it possible to produce polymer chains with 

controllable lengths. Polymerization methods that have been used to synthesize 

polymer brushes include cationic, anionic, TEMPO-mediated radical, atom transfer 

radical polymerization (ATRP) and ring opening polymerization. 
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Figure 2.11 Preparation of polymer brushes by “physisorption”, “grafting to” and 

“grafting from”. 

 In order to achieve a better control of molecular weight and molecular weight 

distribution and to obtain novel polymer brushes like block copolymer brushes, 

controlled radical polymerizations including ATRP, reverse ATRP, TEMPO-

mediated and iniferter radical polymerizations have been used to synthesize tethered 

polymer brushes on solid substrate surfaces [49-54]. 

 ATRP, the most robust “living” free radical polymerization, has been 

recognized in recent years as a versatile method for generating polymer brushes 

having well-defined thickness and architecture via surface initiated polymerization. 

[50]. This approach has also enabled the synthesis of a wide range of polymer 

brushes where polymers of precise molar mass, composition, and architecture are 

covalently attached to either curved or flat surfaces. ATRP is compatible with a 

variety of functionalized monomers, and the living/controlled character of the ATRP 

process yields polymers with a low polydispersity (Mw/Mn) that are end 

functionalized and so can be used as macroinitiators for the formation of di- and 

triblock copolymers. In 1998, Fukuda and coworkers prepared poly(methyl 
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methacrylate) brushes on silicon surface via surface initiated atom transfer radical 

polymerization. The addition of free initiator to the polymerization solution yields 

free polymers which can be characterized by conventional methods. The relatively 

narrow polydispersities of these polymers in conjunction with the molecular weights 

were proportional to monomer conversion points towards the surface polymerization 

being controlled. The thickness of the polymer brushes was related to the 

concentration of the free initiator, the lower concentration of free initiator the thicker 

the films being achieved [50, 55]. Husseman and coworkers [51] applied ATRP in 

the synthesis of tethered polymer brushes on silicon wafers and achieved great 

success. They prepared SAMs of 5-trichlorosilylpentyl-2-bromo-2-methylpropionate 

on silicate substrates. The α-bromoester is a good initiator for ATRP. They have 

successfully synthesized PMMA brushes by the polymerization of MMA initiated 

from the SAMs. It has also been reported that tethered polyacrylamide has been 

obtained from surface initiated ATRP of acrylamide on a porous silica gel surface 

[52].  

Recently, Matyjaszewski and coworkers [56] reported a detailed study of 

polymer brush synthesis using ATRP in controlled growth of homopolymer and 

block copolymers from silicon surfaces. They described that the persistent radical 

effect must be considered in controlled radical polymerizations. In other words, a 

sufficient concentration of deactivation must be available to provide control over 

chain lengths and distributions. The Cu(II) can be supplied by termination of initiator 

molecules in the early stages of the polymerization or by addition of the transition 

metal complex prior to commencement of the reaction. Moreover, the only factor 

affected is the kinetics of the reaction; in the former case, first-order consumption of 

monomer is dictated by the chains generated from the free initiator while in the 

latter, due to the extremely low concentration of alkyl halide bound to the surface 

and low monomer conversion, growth of polymer chains scales linearly with 

reaction time. Their conclusion suggested that the design of such complex structures 

whether in solution or at an interface, understanding of the relative rates of chain 

propagation, equilibrium constants, and the influences of the end group, metal, and 

ligand in crossover reaction are important. Factors such as initiator functionality and 
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blocking efficiency can have a profound influence on the physical properties of the 

resulting material. 

  In 2001, von Werne and Patten [57] reported the preparation of structurally 

well-defined polymer-nanoparticle hybrids by modifying the surface of silica 

nanoparticles with initiatiors for ATRP and by using these initiator-modified 

nanoparticles as macroinitiators. They found that polymerizations of  styrene and 

methyl methacrylate (MMA) using the nanoparticle initiators displayed the 

diagnostic criteria for a controlled / “living” radical polymerization: an increase in 

the molecular weight of the pendant polymer chains with monomer conversion and a 

narrow molecular weight distribution for the grafted chains. Polymerization of 

styrene from smaller silica nanoparticles (75-nm-diameter) exhibited good molecular 

weight control, while polymerization of MMA from the same nanoparticles 

exhibited good molecular weight control only when a small amount of free initiator 

was added to the polymerization solution. For the polymerizaiton of both styrene and 

MMA from larger silica nanoparticles (300-nm-diameter) did not exhibit molecular 

weight control. Molecular weight control was induced by the addition of a small 

amount of free initiator to the polymerization but was not induced when 5-15 mol% 

of deactivator (Cu(II) complex) was added. These findings provide guidance for 

efforts in using ATRP for the controlled grafting of polymers from high and low 

surface area substrates. 

  

2.4 Diblock Copolymer Brushes 

Block copolymer brushes refer to an assembly of tethered polymer chains 

consisting of two or more homopolymer chains covalently connected to each other at 

one end [48]. Block copolymer brushes are the most interesting architectures 

produced to date [48, 53, 56, 58-61], and this is due mainly to vertical phase 

separation occurring when the block copolymer chains are tethered by one end to a 

surface or substrate.  
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Diblock copolymer brushes tethered to flat silicon substrates have been 

synthesized using ATRP technique. In 1999, Brittain and Zhao synthesized the first 

diblock copolymer brushes by a combination of carbocationic polymerization and 

ATRP [48]. They have characterized films by tensiometry, FTIR, XPS, and 

ellipsometry.  In the same year, Matyjaszewski et al. [56] reported the preparation of 

diblock copolymer brushes of polystyrene and poly(tert-butyl acrylate) (PS-b-PtBA) 

on Si wafers using a surface-initiated ATRP approach. Hydrolysis of t-butyl groups 

yielded a polystyrene-block-poly(acrylic acid) brushes, and demonstrated a versatile 

approach to tune film properties and wettability [56]. Modification of the 

hydrophilicity of the surface layer was confirmed by a decrease in water contact 

angle from 86º to 18º. They observed the thickness of the layer consisting of chains 

grown from the surface increased linearly with the molecular weight of chains 

polymerization in solution. Other novel diblock copolymer brushes have been 

synthesized using sequential ATRP from wafers possessing diblock copolymers 

tethered to various substrates (e.g., Si, Au) [62-64].  

In 2000, Zhao and Brittain [61] synthesized diblock copolymer brushes 

consisting of a tethered chlorine-terminated polystyrene (PS) block, produced using 

carbocationic polymerization, on top of which was added a block of either 

poly(methyl methacrylate) (PMMA), poly(methyl acrylate) (PMA) or poly((N,N´-

dimethylamino)ethyl methacrylate) (PDMAEMA), synthesized using ATRP. The 

thickness of the outer poly(meth)acrylate block was controlled by adding varying 

amounts of free initiator to the ATRP media. They reported the response of these 

diblock copolymer brushes to different solvent treatments and illustrated proposed 

responses of tethered PS-b-PMMA brushes as shown in Figure 2.12. Upon treatment 

with different solvents, these tethered diblock copolymer brushes exhibit reversible 

changes in surface properties, which are revealed by water contact angle. For PS-b-

PMMA and PS-b-PMA brushes, treatment with CH2Cl2 resulted in localization of 

PMMA and PMA at the air interface and treatment with cyclohexane localized the 

PS block at the air interface. PS-b-PDMAEMA brushes exhibited a similar behavior, 

using cyclohexane and THF/H2O (v/v = 1:1). 
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Figure 2.12 Proposed responses of tethered PS-b-PMMA brushes to different 

solvent treatments.  

 

Granville and colleagues [11] were able to synthesize diblock copolymer 

brushes using ATRP in 2004. They synthesized semifluorinated diblock copolymer 

brushes. Either a polystyrene (PS) or poly(methyl acrylate) (PMA) block was firstly 

formed (inner block) followed by polymerization of the fluorinated monomers (outer 

block). The outer block consisted either of poly(pentafluorostyrene) (PPFS), 

poly(heptadecafluorodecyl acrylate) (PHFA), poly(pentafluoropropyl acrylate), or 

poly(trifluoethyl acrylate). Solvent-induced diblock rearrangement experiments were 

performed using a selective solvent for the hydrocarbon polymer block to generate a 
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fluorine-deficient surface. All the diblock systems were shown to exhibit water 

contact angles typical for the hydrocarbon polymer block after solvent treatment. 

With the exception of the systems containing PHFA, poor rearrangement was 

observed when compared to all other semifluorinated diblock copolymer systems. 

Experimentally, very few investigations have been conducted into the 

rearrangement of tethered diblock copolymer brushes. The first report of nanopattern 

formation from a tethered diblock copolymer brush was reported by Zhao and co-

workers [58-59, 61] in 2000. They produced a tethered Si/SiO2//PS-b-PMMA brush 

where the PS thickness was 23 nm and the PMMA thickness was 14 nm. When this 

diblock copolymer brush was treated with dichloromethane (which is a good solvent 

for both PS and PMMA), water contact angle results indicated a characteristic 

advancing contact angle of PMMA, 74º, while atomic force microscopy (AFM) 

analysis indicated that the surface of the brush was smooth (Figure 2.13 (a)) [59]. 

When the same sample was treated with mixed solvents of dichloromethane and 

cyclohexane, and the percentage of cyclohexane was gradually increased, the 

advancing water contact angle of the brush increased to 120º, and the tethered 

diblock copolymer brush was seen to reorganize, resulting in the formation of a 

regular nanopattern on the surface. Zhao and colleagues speculated that, with an 

increasing cyclohexane content, the PMMA blocks would collapse and aggregate to 

form a core, so as to avoid contact with the cyclohexane (Figure 2.13 (b)) [59]. 

Granville et al. [11] used thermal treatment of samples that had been 

rearranged using solvent, to reorganize the surface composition. Thermal treatment 

of the solvent-rearranged Si/SiO2//PS-b-PPFS brush at 100 ºC for20 min, after it had 

been treated with cyclohexane at 35 ºC, resulted in an increase in the advancing 

contact angle from 101º to 121º. Similar results were seen for the Si/SiO2//PMA-b-

PPFS brush, although thermal treatment at 60 ºC for 5 min was all that was required 

to increase the advancing contact angle from 80º to 118º.  
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Figure 2.13 Atomic force microscopy (AFM) images of tethered Si/SiO2//PS-b-

PMMA brushes after treatment with dichloromethane (a) and gradual treatment with 

cyclohexane (b). 

           

2.5 Characterization Techniques 

 2.5.1 Ellipsometry [65] 

 Ellipsometry is a sensitive optical technique for determining properties of 

surfaces and thin films. If linearly polarized light of a known orientation is reflected 

at oblique incidence from a surface then the reflected light is elliptically polarized. 

The shape and orientation of the ellipse depend on the angle of incidence, the 

direction of the polarization of the incident light, and the reflection properties of the 

surface. Ellipsometry measures the polarization of the reflected light with a quarter-

wave plate followed by an analyzer; the orientations of the quarter-wave plate and 

the analyzer are varied until no light passes though the analyzer. From these 

orientations and the direction of polarization of incident light are expressed as the 

relative phase change, ∆, and the relative amplitude change, Ψ, introduced by 

reflection from the surface. These values are related to the ratio of Fresnel reflection 

coefficients, Rp and Rs for p and s- polarized light, respectively.   

 

 

(a) (b) 
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Tan(Ψ) ei∆ = Rp                                                                        (2.2) 

Rs 

 

 An ellipsometer measures the changes in the polarization state of light when 

it is reflected from a sample. If the sample undergoes a change, for example, a thin 

film on the surface changes its thickness, then its reflection properties is also 

changed. Measuring these changes in the reflection properties allow us to deduce the 

actual change in the film’s thickness. 

 

 

Figure 2.14 Schematic of the geometry of an ellipsometry experiment. 

 

  2.5.2 Contact Angle Measurement [66] 

  Contact angle measurements are often used to assess changes in the wetting 

characteristics of a surface and hence indicate a change in surface energy. The 

technique is based on the three-phase boundary equilibrium described by Young's 

equation. 
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Figure 2.15 Schematic representation of the Young's equation. 

 

     γLGcosθ = γSG - γSL                                             (2.3) 

 

where γLG, γSG and γSL are the interfacial tension between the phases with subscripts 

L, G, S corresponding to liquid, gas, and solid phase, respectively and θ refers to the 

equilibrium contact angle. The Young's equation applies for a perfectly 

homogeneous atomically flat and rigid surface and therefore supposes many 

simplifications. In the case of real surfaces, the contact angle value is affected by 

surface roughness, heterogeneity, vapor spreading pressure, and chemical 

contamination of the wetting liquid. Although the technique to measure contact 

angles is easy, data interpretation is not straightforward and the nature of different 

contributions to the surface is a matter of discussion. Generally, we can define the 

complete wetting, wetting, partial wetting, and nonwetting according to Figure 2.16. 

 
Figure 2.16 Schematic representation of wettability. 
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 2.5.3 Gel Permeation Chromatography (GPC) [67] 

  Gel permeation chromatography, more correctly termed size exclusion 

chromatography, is a separation method for high polymers, similar to but advanced 

in practice over gel filtration as carried out by biochemists, that has become a 

prominent and widely used method for estimating molecular-weight distributions 

since its discovery just over two decades ago in 1961. The separation takes place in a 

chromatographic column filled with beads of a rigid porous “gel”; highly cross-

linked porous polystyrene and porous glass are preferred column-packing materials. 

The pores in these gels are of the same size as the dimensions of polymer molecules.  

  A sample of a dilute polymer solution is introduced into a solvent stream 

flowing through the column. As the dissolved polymer molecules flow past the 

porous beads, they can diffuse into the internal pore structure of the gel to an extent 

depending on their size and the pore-size distribution of the gel. Larger molecules 

can enter only a small fraction of the internal portion of the gel, or are completely 

excluded; smaller polymer molecules penetrate a larger fraction of the interior of the 

gel. The larger the molecule, therefore, the less time it spends inside the gel, and the 

sooner it flows through the column. The different molecular species are eluted from 

the column in order of their molecular size as distinguished from their molecular 

weight, the largest emerging first. 

  A complete theory predicting retention times or volumes as a function of 

molecular size has not been formulated for gel permeation chromatography. A 

specific column or set of columns (with gels of different pore sizes) is calibrated 

empirically to give such a relationship, by means of which a plot of amount of solute 

versus retention volume can be converted into a molecular-size-distribution curve.  

  As in all chromatographic processes, the band of solute emerging from the 

column is broadened by a number of processes, including contributions from the 

apparatus, flow of the solution through the packed bed of gel particles, and the 

permeation process itself. Corrections for this zone broadening can be made 

empirically; it usually becomes unimportant when the sample has M w/ M n > 2. 
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  Gel permeation chromatography is extremely valuable for both analytic and 

preparative work with a wide variety of systems ranging from low to very high 

molecular weights. The method can be applied to a wide variety of solvents and 

polymers, depending on the type of gel used. With polystyrene gels, relatively 

nonpolar polymers can be measured in solvents such as tetrahydrofuran, toluene, or 

(at high temperatures) o-dichlorobenzene; with porous glass gels, more polar 

systems, including aqueous solvents, can be used. A few milligrams of sample 

suffices for analytic work, and the determination is complete in as short a time as a 

few minutes using modern high-pressure, high-speed equipment. 

  

Figure 2.17 Schematic representation of the gel permeation chromatography. 

 

 

 



CHAPTER III 

EXPERIMENTAL 

 

3.1 Materials 

All reagents and materials are analytical grade  

 1. 2-Bromo-2-methylpropionyl bromide                   : Fluka 

 2. tert-Butyl methacrylate    : Aldrich 

  3. Copper (I) bromide                                              : Fluka 

 4. Dichloromethane                                    : Merck 

 5. Dimethoxyethane                                              : Fluka 

  6. Ethanol      : Merck 

  7. Ethoxydimethylsilane    : Gelest 

  8. Ethyldiisopropylamine    : Fluka 

 9. Hexadecane      : Aldrich 

  10. Hexane                                                          : Merck 

 11. Hydrochloric acid     : Merck 

 12. Hydrogen hexachloroplatinate (IV) hydrate : Aldrich 

  13. Hydrogen peroxide                                  : Merck 

 14. N, N, N′, N′′, N′′-pentamethyldiethylenetriamine : Aldrich 

   15. Prop-2-en-1-ol                      : Merck 
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16. Propan-1-ol        : Univar 

 17. Pyridine      : Fluka 

 18. Silica gel 60 (0.063-0.200 mm)                 : Merck 

  19. Silicon wafer (Single-sided)            : Siltron Inc. Korea 

 20. Sodium sulfate anhydrous    : Fluka 

  21. Sulfuric acid                                    : Merck 

  22. Tetrahydrofuran     : Labscan 

 23. Toluene      : Carlo 

  24. Toluene anhydrous 99%                                       : Aldrich 

 25. Trifluoroacetic acid    : Fluka 

 26. 2,2,2-Trifluoroethyl methacrylate   : Aldrich 

 27. α,α,α-Trifluorotoluene    : Fluka 

 28. Ultrapure distilled water    : Mill-Q Lab system 

 

3.2 Equipments 

3.2.1 Ellipsometry 

The ellipsometry was studied by using L115C WAFERTM ELLIPSOMETER. 

The thicknesses were determined in air with a 70° of incidence angle at 632.8 nm. 

The thickness of the adsorbed film was calculated by using the software “Dafibm” 

Rudolph Research, Double Absorbing Films Calculations. The calculation was based 

on a refractive index of Ninitiator = 1.443, Nt-BMA = 1.460, NTFMA = 1.415, Nhydroxyl = 
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1.462 and a silicon substrate refractive index Nsubstrate = 3.858. At least five different 

locations on each sample were measured and the average thickness was calculated.  

 

3.2.2 Nuclear Magnetic Resonance Spectroscopy (NMR) 

The 1H-NMR spectra was recorded in CDCl3 using Varian, model Mercury-

400 nuclear magnetic resonance spectrometer operating at 400 MHz. Chemical shifts 

(δ) are reported in part per million (ppm) relative to tetramethylsilane (TMS) or 

using the residual protonated solvent signal as a reference. 

 

3.2.3 Gel Permeation Chromatography (GPC) 

The molecular weight and molecular weight distributions of the TFMA and t-

BMA homopolymers was determined by Waters gel permeation chromatography 

(GPC) equipped with HR4, HR3, HR1 THF column using THF as eluant connected 

to the RI detector. The flow rate was 1.0 mL/min. Calibration was based on 

polystyrene(PS) standards ranging from 500 to 43,000 g mol-1. 

 

3.2.4 Contact Angle Measurement 

Contact angle Goniometer model 100-00 and a Gilmont syringe with a 24-

gauge flat-tipped needle (Ramé-Hart, Inc., USA) was used for the determination of 

water and hexadecane contact angles. The measurements were carried out in air at 

ambient temperature. Dynamic advancing and receding angles were recorded while 

the probe fluid (water or hexadecane) was added to and withdrawn from the drop, 

respectively. The reported angle is an average of 5 measurements on different area of 

each sample. 
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3.3 Synthesis of α-Bromoisobutyrate Initiators 

 3.3.1 Synthesis of 2-bromo-2-methylpropionic acid allyl ester (1)  

OH + Br C

O CH3

CH3

Br THF/pyridine O C

O CH3

CH3

Br

prop-2-en-1-ol 2-bromo-2-methyl
propionyl bromide

2-bromo-2-methylpropionic acid allyl ester

 
                                                                                                       1 
 

To a solution of 25 mmol of prop-2-en-1-ol (1.7 mL) in 25 mL of 

tetrahydrofuran, pyridine (2.1 mL, 26.5 mmol) was added, followed by a dropwise 

addition of 2-bromo-2-methylpropionyl bromide (3.10 mL, 25 mmol). The mixture 

was stirred at room temperature overnight, diluted with hexane and then washed 

once with 2N HCl and twice with deionized water. The organic phase was dried over 

sodium sulfate and filtered. After the solvent was removed from the filtrate under 

reduced pressure, the colorless oily residue was purified by filtering through a silica 

gel column chromatography to give the product (1) in 90 % yield. 

1H NMR (CDCl3) of (1): δ 1.98 (6H, C(CH3)2, s), 4.71 (2H, OCH2, d, J = 

5.46 Hz), 5.25 (1H, =CH2, d, J = 11.70 Hz), 5.39 (1H, =CH2, d, J = 18.72), 5.93-6.0 

(1H, =CH, complex m).  
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3.3.2 Synthesis of 2-bromo-2-methylpropionic acid 3-(ethoxydimethyl 

silanyl)propyl ester (2)  

O C

O CH3

CH3

BrC2H5O Si
CH3

CH3

H + C2H5O Si
CH3

CH3

2-bromo-2-methyl
propionic acid allyl ester

H2PtCl6
O C

O
Br

CH3

CH3

ethoxydimethylsilane 2-bromo-2-methylpropionic acid 3-
(ethoxydimethylsilanyl)propyl ester

 

                                        1                                                          2 

To a solution of the alkene derivative (1) (2.07 g, 10 mmol) in ethoxy 

dimethylsilane (1.2 mL, 10 mmol), a 1:1 ethanol/dimethoxyethane solution of 

chloroplatinic acid, H2PtCl6 (1.1 mg, 0.002 mmol, 0.2 mL) was added. The reaction 

mixture was stirred at room temperature under nitrogen atmosphere in the dark for 

14 h. Dry toluene (3 mL) was then added and the excess ethoxydimethylsilane was 

removed under reduced pressure. Dry dichloromethane was added and then removed 

under reduced pressure. The crude product was passed through a short column of dry 

sodium sulfate, the column was washed with dry dichloromethane and the 

dichloromethane was removed under reduced pressure to give the desired product as 

yellow viscous liquid (2) in 93 %yield. 

1H NMR (CDCl3) of (2): δ 0.04 (6H, Si(CH3)2, s), 0.93 (3H, SiOCH2CH3, t, 

J = 7.04 Hz), 1.24 (2H, OCH2CH2CH2, t, J = 7.04 Hz), 1.66 (2H, OCH2CH2CH2, 

complex m), 1.88 (6H, C(CH3)2, s), 3.60 (2H, SiOCH2CH3, q, J = 6.45 Hz), 4.06 

(2H, OCH2CH2CH2, t, J = 6.45 Hz).  
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3.3.3 Synthesis of 2-bromo-2-methylpropionic acid propyl ester (3) as a 

“Sacrificial” Initiator 

OH + Br C

O CH3

CH3

Br
pyridine O C

O CH3

CH3

Br
THF

2-bromo-2-methyl
propionyl bromide

2-bromo-2-methyl
propionic acid propyl ester

propan-1-ol
 

                          3 

To a solution of propan-1-ol (1.5 mL, 25 mmol) in 25 mL of tetrahydrofuran, 

pyridine (3.1 mL, 26.5 mmol) was added, followed by a dropwise addition of 2-

bromo-2-methylpropionyl bromide (3.10 mL, 25 mmol). The mixture was stirred at 

room temperature overnight and then diluted with hexane and washed once with 2N 

HCl and twice with deionized water. The organic phase was dried over sodium 

sulfate and filtered. The solvent was removed from the filtrate under reduced 

pressure, and the colorless oily residue was purified by filtering through a silica gel 

column chromatography to give the desired product in 90% yield. 

1H NMR (CDCl3) of (3): δ 1.0 (3H, OCH2CH2CH3, t, J = 7.02 Hz), 1.72 

(2H, OCH2CH2CH3, complex m), 1.95 (6H, C(CH3)2, s), 4.15 (2H, OCH2CH2CH3, t, 

J = 6.24 Hz).  

 

3.4 Pretreatment of Silicon Substrates  

Silicon wafers were cut into 1.5 x 1.5 cm2 substrates. The substrates held in a 

slotted hollow glass cylinder (custom designed holder) were put in a freshly prepared 

mixture of 7 parts of concentrated sulfuric acid and 3 parts of 30% hydrogen 

peroxide. Substrates were submerged in the solution at room temperature for 2h, 

then removed and rinsed with five to seven aliquots of deionized water followed by 

drying in a clean oven at 120°C for 2h. Silanization reaction was carried out 

immediately after treating the substrates in this fashion. 
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3.5 Preparation of Silicon-supported α-Bromoisobutyrate Monolayer  

OH

    silicon-supported 
    silanol monolayer

+ Si

CH3

CH3

C2H5O CH2 O C C
O

Br

CH3

CH3
3

2-bromo-2-methylpropionic acid 
3-(ethoxydimethylsilanyl)propyl ester

O Si

silicon-supported α-bromoisobutyrate
monolayer

CH3

CH2

CH3

O C

CH3

Br

CH3

C
O

3

       

                                                                 2                                                                4 

Freshly cleaned and dried silicon substrates held in a slotted hollow glass 

cylinder were covered with 10 mL of anhydrous toluene in a Schlenk flask. 2-bromo-

2-methylpropionic acid 3-(ethoxydimethylsilanyl)propyl ester (2) (33 µl, 4 mmol) 

was added by a syringe. Reactions were carried out under nitrogen atmosphere at 

ambient temperature for 24h. The substrates were removed and sequentially rinsed 

with 3 x 10 mL of toluene, 3 x 10 mL of ethanol, 2 x 10 mL of ethanol-water (1:1), 2 

x 10 mL of water, 2 x 10 mL of ethanol and 2 x 10 mL of water and dried under 

vacuum. 
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3.6 Preparation of Polymer Brushes   

3.6.1 Homopolymer Brushes of Poly(tert-Butyl Methacrylate) (Pt-BMA)  

 

O
+ H2C C

CH3

C

OC(CH3)3

O

n

t-BMA monomer          silicon-supported
α-bromoisobutyrate monolayer

Pt-BMA brush on silicon-supported 
 α-bromoisobutyrate monolayer

Si

CH3

CH3
O

O

C Br

CH3

CH3

O Si

CH3

CH3
O

O

C CH2

CH3

CH3

C

CH3

C

OC(CH3)3

O

Br
n

CuBr / PMDETA

 

O

O

C CH2

CH3

CH3

C

CH3

C

OC(CH3)3

O

Br
n

+

2-bromo-2-methylpropionic 
acid propyl ester

Pt-BMA

 

The silicon-supported α-bromoisobutyrate monolayer (4) held in a slotted 

hollow glass cylinder were placed in a 100 mL Schlenk flask and sealed with a 

rubber septum. The flask was degassed and back-filled with nitrogen three times and 

left under a nitrogen atmosphere. Copper (I) bromide (29 mg, 0.20 mmol), 

anhydrous toluene (10 mL), and t-BMA (1.0 mL, 0.006 mol or 2.0 mL, 0.012 mol) 

were added to a separate 100 mL Schlenk flask with a magnetic stir bar. The flask 

was sealed with a rubber septum and degassed by purging with nitrogen for 1h. 

Anhydrous toluene (5 mL) containing PMDETA (41.8 µl, 0.20 mmol) was added to 

the mixture via a syringe, and the solution was stirred at 90 °C until it became 

homogeneous (approximately 15 min). The solution was then transferred to the flask 

containing silicon-supported α-bromoisobutyrate monolayer via a cannula, followed 

by the addition of 2-bromo-2-methylpropionic acid propyl ester (3) (12.5 mg, 0.060 
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mmol) as a “added” initiator in anhydrous toluene (5 mL) via a syringe. The 

polymerization was allowed to proceed at 90-100 °C until the desired reaction time, 

after which the silicon substrates were removed from the polymerization mixture 

then rinsed with copious amount of anhydrous toluene before soxhlet-extracted by 

THF for 24h to remove untethered polymer chains and dried under vacuum. The 

solution containing Pt-BMA formed from the “added” initiator was past through a 

silica column to remove the copper catalyst. Solid Pt-BMA was obtained after 

toluene was removed under reduced pressure.  

 

3.6.2 Homopolymer Brushes of Poly(2,2,2-Trifluoroethyl Methacrylate) 

(PTFMA)  

 

O
+ H2C C

CH3

C

OCH2CF3

O

n

TFMA monomer          silicon-supported
α-bromoisobutyrate monolayer

PTFMA brush on silicon-supported 
 α-bromoisobutyrate monolayer

Si

CH3

CH3
O

O

C Br

CH3

CH3

O Si

CH3

CH3
O

O

C CH2

CH3

CH3

C

CH3

C

OCH2CF3

O

Br
n

CuBr / PMDETA

 

O

O

C CH2

CH3

CH3

C

CH3

C

OCH2CF3

O

Br
n

+

2-bromo-2-methylpropionic 
acid propyl ester

 PTFMA

 

The silicon-supported α-bromoisobutyrate monolayer (4) held in a slotted 

hollow glass cylinder were placed in a 100 mL Schlenk flask and sealed with a 

rubber septum. The flask was degassed and back-filled with nitrogen three times and 
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left under a nitrogen atmosphere. Copper (I) bromide (7.2 mg, 0.05 mmol) , α,α,α-

trifluorotoluene (10 mL), and TFMA (0.7 mL, 5.0 mmol or 1.4 mL, 10.0 mmol) 

were added to a separate 100 mL Schlenk flask with a magnetic stir bar. The flask 

was sealed with a rubber septum and degassed by purging with nitrogen for 1h. 

α,α,α-Trifluorotoluene (5 mL) containing PMDETA (10.5 µl, 0.05 mmol) was added 

to the mixture via a syringe, and the solution was stirred at 90 °C until it became 

homogeneous (approximately 15 min). The solution was then transferred to the flask 

containing silicon-supported α-bromoisobutyrate monolayer via a cannula, followed 

by the addition of 2-bromo-2-methylpropionic acid propyl ester (3) (10.5 mg, 0.05 

mmol) as a “sacrificial” initiator in α,α,α-trifluorotoluene (5 mL) via a syringe. The 

polymerization was allowed to proceed at 90-100 °C until the desired reaction time, 

after which the silicon substrates were removed from the polymerization mixture 

then rinsed with copious amount of α,α,α-trifluorotoluene before soxhlet-extracted 

by THF for 24h to remove untethered polymer chains and dried under vacuum. 

PTFMA formed in the solution from the “added” initiator was precipitated in 

mixture of methanol and water (5:1). The viscous PTFMA was re-dissolved in THF. 

The PTFMA solution was past through a silica column to remove the copper 

catalyst. Solid PTFMA was obtained after THF was removed under reduced 

pressure. 
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3.6.3 Homopolymer Brushes of Poly(Methacrylic Acid) (PMAA)  

Pt-BM A  brush on silicon-supported 
     α -bromoisobutyrate  monolayer

O Si

CH 3

CH 3
O

O

C CH 2

CH 3

CH 3

C

CH 3

C

O C(CH3)3

O

Br
n

trifluoroacetic  ac id /
 dichloromethane

PM AA  brush on silicon-supported 
     α -bromoisobutyrate monolayer

O Si

CH 3

CH 3
O

O

C CH 2

CH 3

CH 3

C

CH 3

C

O H

O

Br
n

 

 The silicon-supported Pt-BMA brushes held in a slotted hollow glass 

cylinder were placed in a 100 mL Schlenk flask containing dichloromethane (10 

mL). Trifluoroacetic acid (0.38-5.7 mL) was added and the mixture was stirred for a 

desired period of time. The substrates were removed then rinsed with copious 

amount of dichloromethane and dried under vacuum. 
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3.6.4 Diblock Copolymer Brushes of PTFMA-b-Pt-BMA  

PTFMA brush on silicon-supported 
 α-bromoisobutyrate monolayer

O Si

CH3

CH3
O

O

C CH2

CH3

CH3

C

CH3

C

OCH2CF3

O

Br
n

CuBr / PMDETA

+ H2C C

CH3

C

OC(CH3)3

O

m

t-BMA monomer

PTFMA-block-Pt-BMA brush on silicon-supported 
 α-bromoisobutyrate monolayer

O Si

CH3

CH3
O

O

C CH2

CH3

CH3

C

CH3

C

OCH2CF3

O

CH2n

 

C

CH3

C

Br

O

OC(CH3)3

m

O

O

C CH2

CH3

CH3

C

CH3

C

OCH2CF3

O

Br
n

PTFMA-block-Pt-BMA

O

O

C CH2

CH3

CH3

C

CH3

C

OCH2CF3

O

CH2n
C

CH3

C

Br

O

OC(CH3)3

m

+

 

The silicon-supported PTFMA brush held in a slotted hollow glass cylinder 

were placed in a 100 mL Schlenk flask and sealed with a rubber septum. The flask 

was degassed and back-filled with nitrogen three times and left under a nitrogen 

atmosphere. Copper (I) bromide (7.2 mg, 0.05 mmol), α,α,α-trifluorotoluene (10 

mL), and t-BMA (0.16 mL, 1 mmol or 0.32 mL, 2 mmol) were added to a separate 

100 mL Schlenk flask with a magnetic stir bar. The flask was sealed with a rubber 

septum and degassed by purging with nitrogen for 1h. α,α,α-Trifluorotoluene (5 mL) 

containing PMDETA (10.5 µL, 0.05 mmol) was added to the mixture via a syringe, 

and the solution was stirred at 90°C until it became homogeneous (approximately 15 

min). The solution was then transferred to the flask containing silicon-supported 

PTFMA brush via a cannula, followed by the addition of solution of solid PTFMA 
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(168.1 mg, 0.01 mmol) as “macroinitiator” dissolved in α,α,α-trifluorotoluene (10 

mL) via a cannula. The polymerization was allowed to proceed at 90-100°C until the 

desired reaction time, after which the silicon substrates were removed from the 

polymerization mixture then rinsed with copious amount of α,α,α-trifluorotoluene 

before soxhlet-extracted by THF for 24h to remove untethered polymer chains and 

dried under vacuum. PTFMA-b-Pt-BMA formed in the solution from the 

“macroinitiator” was precipitated in a mixture of methanol and water (5:1). The 

viscous diblock copolymer was re-dissolved in THF then past through a silica 

column to remove the copper catalyst. Solid PTFMA-b-Pt-BMA was obtained after 

THF was removed under reduced pressure. 

 

3.6.5 Diblock Copolymer Brushes of PTFMA-b-PMAA  

trifluoroacetic acid/
dichloromethane

PTFMA-block-PMAA brush on silicon-supported 
 α-bromoisobutyrate monolayer

O Si

CH3

CH3
O

O

C CH2

CH3

CH3

C

CH3

C

OCH2CF3

O

CH2n
C

CH3

C

Br

O

OH

m

PTFMA-block-Pt-BMA brush on silicon-supported 
 α-bromoisobutyrate monolayer

O Si

CH3

CH3
O

O

C CH2

CH3

CH3

C

CH3

C

OCH2CF3

O

CH2n

 

C

CH3

C

Br

O

OC(CH3)3

m

 

 The same procedure as described in section 3.6.3 was employed using the 

silicon-supported PTFMA-b-Pt-BMA brushes as substrates. 



CHAPTER IV 

RESULTS AND DISCUSSION 

 
In this chapter, the results are divided into five sections. The first section 

mainly focuses on the synthesis of α-bromoisobutyrate-containing silane compound 

and α-bromoisobutyrate derivative to be used as surface-tethered initiator and 

“sacrificial” initiator, respectively. The second section involves the preparation of 

silicon-supported α-bromoisobutyrate monolayer for the synthesis of surface-

tethered polymer brushes. The third and fourth sections are devoted to the 

preparation of homopolymer brushes (poly(tert-butyl methacrylate); Pt-BMA, 

poly(methacrylic acid); PMAA, and poly(2,2,2-trifluoroethyl methacrylate); 

PTFMA) and diblock copolymer brushes (PTFMA-b-Pt-BMA and PTFMA-b-Pt-

PMAA), respectively. The final section studies surface properties of diblock 

copolymer brushes upon a treatment with α,α,α-trifluorotoluene. 

  

4.1 Synthesis of α-Bromoisobutyrate Initiators 

Esterification of prop-2-en-1-ol with 2-bromo-2-methylpropionyl bromide 

was followed by hydrosilylation with ethoxydimethylsilane to yield 2-bromo-2-

methylpropionic acid 3-(ethoxydimethylsilanyl)propyl ester having one end capable 

of bonding to silanol groups on a silicon surface and the other end carrying latent α-

bromo ester which can later be used to initiate the ATRP of vinyl monomers.  

 

 

 



 45

4.1.1 Synthesis of 2-bromo-2-methylpropionic acid allyl ester (1) 

 

OH + Br C

O CH3

CH3

Br THF/pyridine O C

O CH3

CH3

Br

prop-2-en-1-ol 2-bromo-2-methyl
propionyl bromide

2-bromo-2-methylpropionic acid allyl ester

            1 

Nucleophilic substitution of prop-2-en-1-ol with 2-bromo-2-methylpropionyl 

bromide in tetrahydrofuran gave 2-bromo-2-methylpropionic acid allyl ester as 

colorless liquid products which were sufficiently pure for the next synthesis without 

further purification after the work-up process. The characteristic 1H-NMR peak of 

product is a singlet signal of methyl protons of C(CH3)2 at 1.98 ppm indicating the 

success of the reaction between prop-2-en-1-ol and 2-bromo-2-methylpropionyl 

bromide. 1H-NMR spectrum of the product is displayed in Figure A.1.  

                        

4.1.2 Synthesis of 2-bromo-2-methylpropionic acid 3-(ethoxydimethyl 

silanyl)propyl ester (2)   

O C

O CH3

CH3

BrC2H5O Si
CH3

CH3

H + C2H5O Si
CH3

CH3

2-bromo-2-methyl
propionic acid allyl ester

H2PtCl6
O C

O
Br

CH3

CH3

ethoxydimethylsilane 2-bromo-2-methylpropionic acid 3-
(ethoxydimethylsilanyl)propyl ester

 

                                                     1                          2      

Hydrosilylation of ethoxydimethylsilane with 2-bromo-2-methylpropionic 

acid allyl ester (1) was carried out in the dark in the presence of chloroplatinic acid, 

H2PtCl6 at room temperature for 24h. Scheme 4.1 illustrates hydrosilylation 

mechanism using chloroplatinic acid as a catalyst. The reaction yielded yellow 

viscous liquid as a crude product which was sufficiently pure for the next synthesis 
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without further purification after the work-up process. 1H-NMR spectrum of the 

product (Figure A.2) shows a singlet signal of methyl protons of C(CH3)2 adjacent to 

bromine at 1.88 ppm together with a triplet signal and a multiplet signal of the 

methylene protons ((SiCH2CH2CH2O) and (SiCH2CH2CH2O)) at 0.93 and 1.66 ppm, 

respectively. Signals from three vinylic protons (CH2=CH and CH2=CH) previously 

appeared in 2-bromo-2-methylpropionic acid allyl ester substrate in the range of 4-6 

ppm are also absent. The evidence from 1H-NMR analysis conclusively suggests that 

the reaction was successful and gave 2-bromo-2-methylpropionic acid 3-(ethoxy 

dimethylsilanyl)propyl ester as the desired product. 

[ Pt ]

[ Pt ]
H

R'R2Si

[ Pt ]R'R2Si

[ Pt ]

SiR2R'H

SiR2R'

R = CH3

R' = Cl

 = CH2OCC(CH3)2Br

O

 

 

Scheme 4.1 Mechanism of hydrosilylation using chloroplatinic acid as a catalyst 
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4.1.3 Synthesis of 2-bromo-2-methylpropionic acid propyl ester as a 

“Sacrificial” Initiator 

OH + Br C

O CH3

CH3

Br
pyridine O C

O CH3

CH3

Br
THF

2-bromo-2-methyl
propionyl bromide

2-bromo-2-methyl
propionic acid propyl ester

propan-1-ol
 

                     3 

Nucleophilic substitution of propan-1-ol with 2-bromo-2-methylpropionyl 

bromide in tetrahydrofuran gave 2-bromo-2-methylpropionic acid propyl ester (3) as 

a pale yellow viscous liquid (90 %yield). 1H-NMR spectrum of the product (Figure 

A.3) shows a singlet signal of the methyl proton from C(CH3)2 at 1.96 ppm indicating 

the success of reaction. This product was used as an “added” or “sacrificial” initiator 

for the polymerization of polymer brushes. 

 

4.2 Preparation of Silicon-supported α-Bromoisobutyrate Monolayer  

OH

    silicon-supported 
    silanol monolayer

+ Si

CH3

CH3

C2H5O CH2 O C C
O

Br

CH3

CH3
3

2-bromo-2-methylpropionic acid 
3-(ethoxydimethylsilanyl)propyl ester

O Si

silicon-supported α-bromoisobutyrate
monolayer

CH3

CH2

CH3

O C

CH3

Br

CH3

C
O

3

 

         2                                                                       4                                             

Silicon-supported α-bromoisobutyrate monolayers were prepared by 

silanization of silanol groups on the silicon surface by the silane compound having 

end-functionalized α-bromoisobutyrate (2). Using the optimized condition 

previously reported [57], α-bromoisobutyrate monolayer having maximum graft 

density was formed on silicon substrates with a thickness of 9.25 ± 0.1 Å as 
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measured by ellipsometry. Advancing/receding water contact angle of silicon-

supported α-bromoisobutyrate monolayer was 72°/63° which was significantly 

different from the value of 29°/15° for the cleaned and dried hydrophilic silicon 

substrates.  

 

4.3 Preparation of Homopolymer Brushes 

This part of research focuses on surface-initiated polymerization of tert-butyl 

methacrylate (t-BMA) and 2,2,2-trifluoroethyl methacrylate (TFMA) in the presence 

of a “sacrificial” or “added” initiator to prepare homopolymer brushes of poly(tert-

butyl methacrylate) (Pt-BMA) and poly(2,2,2-trifluoroethyl methacrylate) 

(PTFMA). The subsequent hydrolysis of Pt-BMA yielded homopolymer brushes of 

poly(methacrylic acid) (PMAA). 

The word “sacrificial” initiator or “added” initiator represents free initiator 

which is not attached to the surface. It was intentionally added in the solution during 

surface-initiated polymerization due to 2 major reasons. The first reason is to use this 

free initiator (2-bromo-2-methylpropionic acid propyl ester, in this case) to 

simultaneously initiate polymerization in the solution. Previous work reported by 

Fukuda has demonstrated that the molecular weight of this “free” polymer formed in 

the solution closely resembled that of the grafted polymer brushes cleaved from the 

surface. Thus, it can be used to monitor the surface-initiated polymerization process 

[50, 55]. The free initiator plays a role not only as an indicator of the polymerization 

but also as a controller for the ATRP on the surface. The second reason has a lot to 

do with the activation/deactivation cycles of ATRP process (Scheme 4.2). The 

concentration of the CuII complex produced from the reaction at the substrate surface 

is too low to reversibly deactivate polymer radicals with a sufficiently high rate. The 

addition of the free initiator creates the necessary concentration of the Cu(II) 

complex, which in turn controls polymerization from the substrate as well as in 

solution. 
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Pm X + Cu(I)X / Ligand Pm + X-Cu(II)X / Ligand

kp

+  monomer
k1

kact

kdeact

.

Pm Pn

Termination  

Scheme 4.2 Activation/deactivation cycles of ATRP process 

 

4.3.1 Homopolymer Brushes of Poly(tert-Butyl Methacrylate) (Pt-BMA)  
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Pt-BMA brushes were grown from the surface bearing α–bromoisobutyrate 

monolayer via ATRP mechanism in the presence of CuBr/PMEDTA at 90°C using 

anhydrous toluene as a solvent. The CuBr/PMDETA catalyst system was commonly 

used in the metal-catalyzed living radical polymerization because the catalyst 

complex is (i) highly active, (ii) easily available, (iii) cost-effective and (iv) can be 
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easily separated from the polymer [68]. 2-bromo-2-methylpropionic acid propyl 

ester (3) was also used as an “added” initiator. 

Figure 4.1 depicts the development of Pt-BMA thickness as a function of 

time at two targeted degrees of polymerization (DP), 100 and 200. The mole ratio of 

added initiator:CuBr:PMDETA of 1:1:1 was fixed while the mole ratio of added 

initiator:t-BMA was varied (1:200 and 1:100). The thickness of Pt-BMA layer 

increased with the increase of the targeted DP. For both targeted DPs, the thickness 

increased linearly with time. This result clearly indicates that both polymerization 

time and [added initiator]:[t-BMA] ratio can be used as tools for controlling the 

growth of polymer brushes. The linear increase of thickness as a function of 

polymerization time evidently suggests that the polymerization is living in character.  
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Figure 4.1 Ellipsometric thickness of Pt-BMA brushes as a function of 

polymerization time for targeted DP = 200 (●) and 100 (○).  

The growth of Pt-BMA brushes can also be monitored by water contact angle 

analysis. Figure 4.2 shows advancing (θA) and receding (θR) water contact angles of 

the silicon-supported Pt-BMA brushes as a function of polymerization time for two 

target DPs (200 and 100). Both θA and θR increased with time from 72o/63o of the 
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silicon-supported α-bromoisobutyrate monolayer to 90o/70o of the hydrophobic 

silicon-supported Pt-BMA brushes after 5 h of reaction. The fact that the contact 

angle hysteresis (θA-θR) remaining relatively constant ~ 20o regardless of the 

thickness also implies that the surface bearing Pt-BMA brushes is quite 

homogeneous and smooth.  
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Figure 4.2 Water contact angle of Pt-BMA brushes as a function of polymerization 

time for targeted DP = 200: θA(●), θR(○) and 100: θA(■), θR(□). 

 

The free Pt-BMA generated from the “added” initiator in solution were 

subjected to 1H-NMR and GPC analyses. 1H-NMR spectra of t-BMA and Pt-BMA 

are shown in Figure 4.3. Signals of vinylic protons from t-BMA at 5.5 and 6.0 ppm 

obviously disappeared while methylene protons (CH2) of Pt-BMA appeared at 1.1 

and 1.2 ppm indicating the success of the polymerization. 



 52

 

 

Figure 4.3 1H-NMR spectra of (a) t-BMA and (b) Pt-BMA in solution. 

Figure 4.4 illustrates the change in the molecular weight ( M n) and molecular 

weight distribution ( M w/ M n) of the free Pt-BMA as a function of polymerization 

time for both target DPs (200 and 100). The molecular weight increased linearly 

with increasing polymerization time. The highest molecular weight obtained was in 

accord with the targeted molecular weight. The molecular weight distribution being 

in the range of 1.2-1.6 is reasonably acceptable for living polymerization. 
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Figure 4.4 Molecular weight ( M n) of free Pt-BMA for targeted DP = 200 (●) and 

100 (■) and molecular weight distribution ( M w/ M n) for targeted DP = 200 (○) and 

100 (□) as a function of polymerization time. 
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4.3.2 Homopolymer Brushes of Poly(2,2,2-Trifluoroethyl Methacrylate) 

(PTFMA)  

 

O
+ H2C C

CH3
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OCH2CF3

O

n

TFMA monomer          silicon-supported
α-bromoisobutyrate monolayer

PTFMA brush on silicon-supported 
 α-bromoisobutyrate monolayer

Si

CH3

CH3
O

O

C Br

CH3

CH3

O Si

CH3

CH3
O

O

C CH2

CH3

CH3

C

CH3

C

OCH2CF3

O

Br
n

CuBr / PMDETA
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C CH2

CH3

CH3

C

CH3

C

OCH2CF3

O

Br
n

+

2-bromo-2-methylpropionic 
acid propyl ester
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PTFMA brushes were grown from the surface bearing α–bromoisobutyrate 

monolayer via ATRP mechanism in the presence of CuBr/PMEDTA at 90°C using 

α,α,α-trifluorotoluene as a solvent. Figure 4.5 shows the development of PTFMA 

thickness as a function of time at two targeted DPs, 100 and 200. The mole ratio of 

added initiator:CuBr:PMDETA of 1:1:1 was fixed while the mole ratio of added 

initiator:TFMA was varied (1:200 and 1:100). The thickness of PTFMA layer 

increased with the increase of the targeted DP. For both targeted DPs, the thickness 

increased linearly as a function of polymerization time suggesting that the 

polymerization is living. 
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Figure 4.5 Ellipsometric thickness of PTFMA brushes as a function of 

polymerization time for targeted DP = 200 (●) and 100 (○). 

 

The growth of PTFMA brushes can also be monitored by water contact angle 

analysis. Figure 4.6 demonstrates θA and θR of the silicon-supported PTFMA 

brushes as a function of polymerization time for two target DPs (200 and 100). Both 

θA and θR increased with time from 72o/63o of the silicon-supported α-

bromoisobutyrate monolayer to 102o/79o of the hydrophobic silicon-supported 

PTFMA brushes after 8 h of reaction. Once again, The fact that the contact angle 

hysteresis (θA-θR) remaining relatively constant ~ 20o regardless of the thickness 

suggests that the surface bearing PTFMA brushes is quite homogeneous and smooth. 
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Figure 4.6 Water contact angle of PTFMA brushes as a function of polymerization 

time for targeted DP = 200: θA (●), θR (○) and 100: θA (■), θR (□). 

 

The free PTFMA generated from the “added” initiator in solution were 

subjected to 1H-NMR and GPC analyses. 1H-NMR spectra of TFMA and PTFMA 

are shown in Figure 4.7. Signals of vinylic protons from TFMA at 5.7 and 6.2 ppm 

obviously disappeared while methylene protons (CH2) of Pt-BMA appeared at 0.9 

and 1.1 ppm indicating the success of the polymerization.  
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Figure 4.7 1H-NMR spectra of (a) TFMA and (b) PTFMA in solution. 

 

Figure 4.8 illustrates the change in the molecular weight ( M n) and molecular 

weight distribution ( M w/ M n) of free PTFMA as a function of polymerization time 

for both target DPs (200 and 100). The molecular weight increased linearly with 

increasing polymerization time. The highest molecular weight obtained was in 

accord with the targeted molecular weight. The molecular weight distribution being 

close to 1.0 suggested that polymerization mechanism is living. 
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Figure 4.8 Molecular weight ( M n) of free PTFMA for targeted DP = 200 (●) and 

100 (■) and molecular weight distribution ( M w/ M n) for targeted DP = 200 (○) and 

100 (□) as a function of polymerization time. 
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4.3.3 Homopolymer Brushes of Poly(Methacrylic Acid) (PMAA) 
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The ultimate goal of this research is, in fact, to prepare 2 series of diblock 

copolymer brushes. One is PTFMA-b-Pt-BMA which can be prepared by sequential 

polymerization of TFMA and t-BMA. The other is PTFMA-b-PMAA can be 

prepared by acid hydrolysis of PTFMA-b-Pt-BMA. It is thus important to seek for a 

suitable condition for hydrolysis which can effectively convert Pt-BMA to PMAA. 

For this reason, two experimental variables affecting hydrolysis were investigated: 

acid concentration and hydrolysis time.  The silicon-supported Pt-BMA brushes and 

their corresponding free Pt-BMA obtained in solution were used as substrates. 

Trifluoroacetic acid was selected because it is known to selectively remove t-butyl 

groups without disturbing the ester linkage in the polymer chain. [69] Hydrolysis 

was performed at ambient temperature using dichloromethane as a solvent. The 

extent of hydrolysis of Pt-BMA brushes attached on the surface was monitored by 

water contact angle measurements. Figure 4.9 shows θA and θR of the silicon-

supported Pt-BMA brushes after hydrolysis by a varied concentration of TFA 

solution for 4h. The contact angles dropped rapidly as a function of TFA 
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concentration up to 3M and decreased slightly further until they reached a minimum 

values of 62o/54o when 5M TFA was used. 
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Figure 4.9 Water contact angle of the silicon-supported Pt-BMA brushes after 

hydrolysis by a varied concentration of TFA in dichloromethane for 4h: θA (●), θR 

(○). 

 

Using 5M TFA, effect of hydrolysis time was studied. According to Figure 

4.10, the long exposure of the silicon-supported Pt-BMA to TFA solution seems to 

cause an adverse effect to the hydrolysis. The θA tended to rise back up to 62o/53o 

after 4h treatment. This value closely resembles the water contact angle of the 

silicon-supported α–bromoisobutyrate monolayer which was used as the initiator. It 

is highly possible that TFA is capable of removing the Pt-BMA from the silicon 

surface upon the extensive hydrolysis. To verify this speculation, more evidences 

from other techniques are necessary. 
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Figure 4.10 Water contact angle of the silicon-supported Pt-BMA brushes as a 

function of hydrolysis time (h) using 5M TFA in dichloromethane: θA (●), θR (○). 

 

Thus, the optimal condition for hydrolysis was 5M TFA in dichloromethane 

for 4h. The hydrolysis of the Pt-BMA in solution can also be confirmed by 1H-NMR 

analysis. Figure 4.11 demonstrates 1H-NMR spectra of Pt-BMA and PMAA 

obtained after hydrolysis. The disappearance of the –C(CH3)3 peak at 1.50 ppm in 

the 1H-NMR spectrum of the PMAA strongly suggested that the tert-butyl groups of 

Pt-BMA were removed as a result of acid hydrolysis. 
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Figure 4.11 1H-NMR spectra of (a) Pt-BMA and (b) PMAA in solution. 
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4.4 Preparation of Diblock Copolymer Brushes 

4.4.1 Diblock Copolymer Brushes of PTFMA-b-Pt-BMA 
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The diblock copolymer brushes of PTFMA-b-Pt-BMA were generated by the 

surface-initiated polymerization of t-BMA from the silicon-supported PTFMA (the 

inner block) via sequential ATRP, using α,α,α-trifluorotoluene as a solvent at 90ºC. 

CuBr/PMDETA was also used as a catalyst system. The free polymer of PTFMA 

was used as a macroinitiator. The mole ratio of macroinitiator:CuBr:PMDETA of 

1:5:5 was fixed while the mole ratio of macroinitiator:t-BMA were varied (1:0.5, 

1:1, 1:2 and 1:3). As shown in Figure 4.12, the thickness of PTFMA-b-Pt-BMA 

layer proportionally increased with a mole ratio between the added t-BMA to TFMA 

of PTFMA (t-BMA:TFMA). 
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Figure 4.12 Ellipsometric thickness of PTFMA-b-Pt-BMA brushes as a function of 

t-BMA:TFMA ratio. 

The change in water and hexadecane contact angle also reflected the growth 

of Pt-BMA (outer block) from PTFMA (inner block). Figure 4.13 shows θA and θR 

of the silicon-supported PTFMA-b-Pt-BMA brushes as a function of t-BMA:TFMA 

mole ratio. Both θA and θR decreased from 102o/79o of the silicon-supported PTFMA 

(inner block) to 90o/70o. This evidence strongly suggested that the wettability of the 

silicon-supported PTFMA-b-Pt-BMA brushes was dominated by the outer block of 

Pt-BMA brushes independent of the t-BMA:TFMA. The fact that the contact angle 

hysteresis (θA-θR) remaining relatively constant ~ 20o also indicates that the surface 

bearing PTFMA-b-Pt-BMA brushes is quite homogeneous and smooth. 

0             1:1           2:1           3:1            
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Figure 4.13 Water contact angle of PTFMA-b-Pt-BMA brushes as a function of t-

BMA:TFMA ratio: θA (●), θR (○). 

Advancing (θA) and receding (θR) hexadecane contact angles of the silicon-

supported PTFMA-b-Pt-BMA brushes as a function of t-BMA:TFMA demonstrated 

in Figure 4.14 also pointed in the same direction. After the introduction of the outer 

block of Pt-BMA, both θA and θR decreased from 76o/52o of the oleophobic silicon-

supported PTFMA to 30o/19o of the oleophilic silicon-supported PTFMA-b-Pt-BMA 

brushes. These values are exactly the same as that was measured on the silicon-

supported Pt-BMA brushes. Once again, it can be assumed that the wettability of the 

diblock copolymer brushes was governed by the outer block which is Pt-BMA in 

this particular case.   

0              1:1            2:1            3:1             



 66

0

10

20

30

40

50

60

70

80

90

0 1 2 3 4
t -BMA:TFMA ratio in the diblock copolymer

he
xa

de
ca

ne
 c

on
ta

ct
 a

ng
le

 ( °
)

 

Figure 4.14 Hexadecane contact angle of PTFMA-b-Pt-BMA brushes as a function 

of t-BMA:TFMA ratio: θA (●), θR (○). 

The free PTFMA-b-Pt-BMA generated in solution by ATRP of t-BMA from 

the macroinitiator, PTFMA was characterized by 1H-NMR analysis. Figure 4.15 

displayed a 1H-NMR spectrum of PTFMA-b-Pt-BMA (t-BMA:TFMA = 1:1) in 

comparison with those of PTFMA and Pt-BMA. The signal at 4.29 ppm due to 2 

protons of –CH2CF3 from the PTFMA block was observed along with the signals of 

9 protons of –C(CH3)3 from the Pt-BMA block at 1.50 ppm in the 1H-NMR 

spectrum of PTFMA-b-Pt-BMA. The data displayed in Table 4.1 strongly suggested 

that the copolymer composition in the diblock copolymer calculated from the 

relative peak integration of the 1H-NMR signal at 1.50 ppm (–C(CH3)3 from the Pt-

BMA block) and the one at 4.29 ppm (–CH2CF3 from the PTFMA block) are in 

excellent agreement with the designated ratio of t-BMA:TFMA. 
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Figure 4.15 1H-NMR spectra of (a) PTFMA, (b) Pt-BMA, and (c) PTFMA-b-Pt-

BMA (t-BMA:TFMA = 1:1) in solution. 
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Table 4.1 Information from 1H-NMR spectrum of PTFMA-b-Pt-BMA 

Integration Relative amount of unit 
t-BMA:TFMA 

–CH2CF3 –C(CH3)3 –CH2CF3 –C(CH3)3 

t-BMA:TFMA 

(from 1H-NMR)

0.5:1 1.0 2.2 0.5 0.24 0.48:1 

1:1 1.0 3.7 0.5 0.41 0.82:1 

2:1 1.0 7.1 0.5 0.79 1.58:1 

3:1 1.0 10.5 0.5 1.17 2.34:1 

 

4.4.2 Diblock Copolymer Brushes of PTFMA-b-PMAA 

trifluoroacetic acid/
dichloromethane
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Using the optimized condition for hydrolysis previously identified (5M TFA 

in dichloromethane, 4h, ambient temperature), the silicon-supported of PTFMA-b-

PMAA brushes was converted from the silicon-supported PTFMA-b-Pt-BMA 
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brushes having t-BMA:TFMA =1:1. The change in water contact angles (θA/θR) 

from 90o/70o of the hydrophobic PtBMA to 62o/54o, the values exactly matched the 

water contact angles of the silicon-supported PMAA brushes (See section 4.3.3), 

implied that the removal of the t-butyl groups from the outer block of Pt-BMA 

brushes by hydrolysis was complete and afforded PTFMA-b-PMAA brushes. 

The hydrolysis of PTFMA-b-Pt-BMA was confirmed by 1H-NMR analysis. 

The disappearance of the signals of 9 protons from –C(CH3)3 at 1.50 ppm of the Pt-

BMA block and the emerging of the characteristic signals of PMAA (See section 

4.3.3 for comparison) in 1H-NMR spectrum of the PTFMA-b-PMAA brushes 

(Figure 4.16) indicated that the tert-butyl groups of Pt-BMA were completely 

removed and the Pt-BMA block was transformed to the PMAA block . It should be 

underlined that the characteristic signals from PTFMA remained unaffected after 

hydrolysis. 
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Figure 4.16 1H-NMR spectra of (a) PTFMA-b-Pt-BMA and (b) PTFMA-b-PMAA 

in solution.  
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4.5 Surface Wettability of Diblock Copolymer Brushes in Response to Solvent 

Treatment 

This part of research focuses on the surface properties of the diblock 

copolymer brushes upon exposure to α,α,α-trifluorotoluene which is a good solvent 

for PTFMA, the inner block. The silicon-supported PTFMA-b-Pt-BMA brushes 

having t-BMA:TFMA = 1:1 was chosen as a model for studying effects of the 

treatment time on the surface wettability. The response can be monitored by water 

and hexadecane contact angle measurement as depicted in Figures 4.17 and 4.18. 

The switching of water and hexadecane contact angles indicated that the surface 

rearrangement has occurred in response to solvent treatment after 30 min. The 

contact angles have changed from 90o/70o (water) and 30o/20o (hexadecane) of the 

outer Pt-BMA block to 102o/79o (water) and 76o/52o (hexadecane) of the inner 

PTFMA block, respectively after the treatment. 
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Figure 4.17 Water contact angle of the silicon-supported PTFMA-b-Pt-BMA 

brushes (t-BMA:TFMA = 1:1) before and after treatment with α,α,α-trifluorotoluene 

as a function of treatment time (min): θA (●), θR (○).  
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Figure 4.18 Hexadecane contact angle of the silicon-supported PTFMA-b-Pt-BMA 

brushes (t-BMA:TFMA = 1:1) before and after treatment with α,α,α-trifluorotoluene 

as a function of treatment time (min): θA (●), θR (○). 

To investigate the influence of the relative block length of the diblock 

copolymer, the treatment time of 120 min was employed in order to obtain the 

optimal surface rearrangement. Figures 4.19 and 4.20 illustrate the changes of water 

and hexadecane contact angles, respectively. The surface-tethered PTFMA-b-Pt-

BMA brushes of all compositions can rearrange in response to the solvent treatment 

except for the one having t-BMA:TFMA = 3:1. The outer block was perhaps too 

long to completely penetrate into the layer of the inner block. As a result, the top 

surface was mainly occupied by the outer block of Pt-BMA and the surface 

rearrangement was not detected. 
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Figure 4.19 Water contact angle of the silicon-supported PTFMA-b-Pt-BMA 

brushes after treatment with α,α,α-trifluorotoluene for 120 min as a function of t-

BMA:TFMA ratio in the diblock copolymer: θA (●), θR (○).  
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Figure 4.20 Hexadecane contact angle of the silicon-supported PTFMA-b-Pt-BMA 

brushes after treatment with α,α,α-trifluorotoluene for 120 min as a function of t-

BMA:TFMA ratio in the diblock copolymer: θA (●), θR (○). 
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The reversibility of the response of the silicon-supported was also tested. 

Figures 4.21 and 4.22 show contact angles of the silicon-supported PTFMA-b-Pt-

BMA brushes after 3 cycles of solvent treatment. One cycle consists of a treatment 

step followed by a drying step. The contact angles were measured both before and 

after each step.  As soon as the treated solvent, α,α,α-trifluorotoluene, was removed, 

the surface rearranged back to its original stage of having the outer block (Pt-BMA) 

of the copolymer exposed at the polymer/air interface. 
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Figure 4.21 Water contact angle of the silicon-supported PTFMA-b-Pt-BMA 

brushes after 3 cycles of solvent treatment: θA (●), θR (○). 
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Figure 4.22 Hexadecane contact angle of the silicon-supported PTFMA-b-Pt-BMA 

brushes after 3 cycles of solvent treatment: θA (●), θR (○). 

 

Table 4.2 outlines water contact angle of the silicon-supported diblock 

copolymer brushes in comparison with the silicon-supported homopolymer brushes. 

The surface rearrangement was also realized for the silicon-supported PTFMA-b-

PMAA brushes upon the solvent treatment. 
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Table 4.2 Contact angle data of the silicon-supported polymer brushes 

Water contact angle (°) 
Silicon-supported polymer brushes 

θA θR 

Si/SiO2-PTFMA 102 79 

Si/SiO2-PMAA 62 74 

Si/SiO2-PTFMA-b-Pt-BMA (1:1 by mole) 90 70 

Si/SiO2-PTFMA-b-PMAA (1:1 by mole) 61 54 

Si/SiO2-PTFMA-b-PMAA (1:1 by mole) 

(after treat with α,α,α-trifluorotoluene) 

102 77 

 

 

 



CHAPTER V 

CONCLUSION AND SUGGESTION 

 

By surface-initiated polymerization through atom transfer radical 

polymerization (ATRP) mechanism, the diblock copolymer brushes of poly(2,2,2-

trifluoroethyl methacrylate) and poly(tert-butyl methacrylate) (PTFMA-b-Pt-BMA) 

grafted on the silicon oxide substrates were synthesized. The reaction progress can 

be monitored by ellipsometry, contact angle measurements, 1H-NMR analysis and 

gel permeation chromatography (GPC). It has been demonstrated that the 

homopolymer brushes of poly(2,2,2-trifluoroethyl methacrylate) (PTFMA) and 

poly(tert-butyl methacrylate) (Pt-BMA) and PTFMA-b-Pt-BMA brushes 

successfully grew from silicon supported α-bromoisobutyrate monolayer using 

CuBr/PMDETA as a catalytic system in the presence of 2-bromo-2-methyl-propionic 

acid propyl ester as a sacrificial initiator. Results from GPC and ellipsometric 

analyses prompted that Mw and the thickness of both PTFMA and Pt-BMA brushes 

can be separately controlled as a function of reaction time and monomer to “free” 

initiator ratio in solution. The linear dependence of molecular weight and thickness 

on polymerization time clearly suggested that polymerization is living in character. 

The growth of each block was uniform and the thickness of polymer brushes 

continuously increased after the outer block of Pt-BMA was consecutively added to 

the inner block of PTFMA. 

Diblock copolymer brushes of poly(2,2,2-trifluoroethyl methacrylate) and 

poly(methacrylic acid) (PTFMA-b-PMAA) were prepared by hydrolysis of PTFMA-

b-Pt-BMA to remove the tert-butyl groups from the Pt-BMA block. The condition 

for hydrolysis was optimized using the silicon-supported Pt-BMA as a substrate. 

According to contact angle analysis, the suitable condition was to treat the substrate 

in 5M trifluoroacetic acid in dichloromethane for 4h.  
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Surface properties of the diblock copolymer brushes upon a treatment with 

α,α,α-trifluorotoluene, a good solvent for the inner block of PTFMA were studied. 

As analyzed by contact angle measurements using water and hexadecane as probe 

fluids, it was found that the diblock copolymer brushes underwent surface 

rearrangement in response to the solvent treatment. The switching of contact angles 

from ones of the outer block (Pt-BMA or PMAA) to ones of the inner block 

(PTFMA) within 30 min of treatment suggesting that the PTFMA block became the 

dominated block at the solid-air interface whereas the Pt-BMA block was buried in 

the subsurface in order to minimize the surface free energy of the system. The extent 

of rearrangement was, however, limited in the system of which the outer block was 

so long that there was no enough space to accommodate the rearrangement. Also, it 

has been demonstrated that the surface rearrangement of the diblock copolymer 

brushes was reversible. The original stage of having the outer block dominated at the 

solid-air interface was fully recovered after the treated solvent was removed. 
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Figure A-1 1H-NMR spectrum (400 MHz, CDCl3) of 2-bromo-2-methylpropionic 

acid allyl ester (1). 

 
Figure A-2 1H-NMR spectrum (400 MHz, CDCl3) of 2-bromo-2-methylpropionic 

acid 3-(ethoxydimethylsilanyl)propyl ester (2). 
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Figure A-3 1H-NMR spectrum (400 MHz, CDCl3) of 2-bromo-2-methylpropionic 

acid propyl ester (3). 
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Table B-1 Average thickness of Pt-BMA brushes for targeted DP = 100 and 200 

calculated from ellipsometric data as a function of polymerization time. 

Average thickness (nm) 
Time (h) 

targeted DP = 100 targeted DP = 200 

2 2.0 ± 0.4 - 
3 - 2.5 ± 0.4  
4 3.0 ± 0.3 - 
5 - 4.0 ± 0.4 
8 5.5 ± 0.3 6.1 ± 0.2 
16 9.0 ± 0.1 10.0 ± 0.1 
24 12.0 ± 0.2 14.0 ± 0.1 

 

Table B-2 Advancing and receding water contact angle data of Pt-BMA brushes for 

targeted DP = 100 and 200 as a function of polymerization time. 

θA/θR (°) 
Time (h) 

targeted DP = 100 targeted DP = 200 

0 70 ± 1.1/59 ± 1.2 70 ± 1.1/59 ± 1.2 
2 87 ± 1.1/67 ± 1.2 - 
3 - 88 ± 1.2/67 ± 1.1 
4 89 ± 1.2/68 ± 1.1 - 
5 - 90 ± 1.1/69±1.2 
8 89 ± 1.3/69 ± 1.1 90 ± 1.3/70 ± 1.2 
16 90 ± 1.2/69 ± 1.2 90 ± 1.2/70 ± 1.2 
24 90 ± 1.2/70 ± 1.1 91 ± 1.1/70 ± 1.2 
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Table B-3 Average molecular weight and molecular weight distribution of Pt-BMA 

brushes for targeted DP = 100 and 200 analyzed by GPC as a function of 

polymerization time.  

targeted DP = 100  targeted DP = 200 
Time (h) 

M n x 10-3 M w/ M n M n x 10-3 M w/ M n 

2 1.545 1.27 - - 

3 - - 3.358 1.28 

4 2.217 1.51 - - 

5 - - 5.298 1.12 

8 2.933 1.20 5.781 1.20 

16 3.872 1.40 11.164 1.32 

24 6.228 1.46 18.721 1.41 

 

 

Table B-4 Average thickness of PTFMA brushes for targeted DP = 100 and 200 

calculated from ellipsometric data as a function of polymerization time. 

Average thickness (nm) 
Time (h) 

targeted DP = 100 targeted DP = 200 

4 2.5 ± 0.3 4.0 ± 0.2 
8 4.4 ± 0.4 6.0 ± 0.4 
16 7.5 ± 0.1 8.8 ± 0.1 
24 10.0 ± 0.1 12.0 ± 0.3 
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Table B-5 Advancing and receding water contact angle data of PTFMA brushes for 

targeted DP = 100 and 200 as a function of polymerization time. 

θA/θR (°) 
Time (h) 

targeted DP = 100 targeted DP = 200 

0 70 ± 1.1/59 ± 1.2 70 ± 1.1/59 ± 1.2 
4 95 ± 1.5/78 ± 1.6 98 ± 1.6/79 ± 1.5 
8 99 ± 1.6/79 ± 1.7 102 ± 1.9/81 ± 1.6 
16 101 ± 1.3/78 ± 1.5 101 ± 1.8/80 ± 1.9 
24 102 ± 1.3/80 ± 1.3 102 ± 1.5/79 ± 1.5 

 

Table B-6 Average molecular weight and molecular weight distribution of PTFMA 

brushes for targeted DP = 100 and 200 analyzed by GPC as a function of 

polymerization time.  

targeted DP = 100  targeted DP = 200 
Time (h) 

M n x 10-3 M w/ M n M n x 10-3 M w/ M n 

4 2.533 1.07 6.308 1.10 

8 4.636 1.10 10.484 1.05 

16 8.941 1.09 17.000 1.07 

24 12.444 1.08 25.195 1.09 
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Table B-7 Advancing and receding water contact angle data of Pt-BMA brushes 

after hydrolysis by a varied concentration of TFA in dichloromethane for 4h. 

[TFA] (M) θA/θR (°) 

0.0 93 ± 1.8/74 ± 2.5 

0.5 86 ± 1.8/62 ± 1.6 

1.5 82 ± 1.5/62 ± 2.3 

2.5 69 ± 1.6/55 ± 1.9 

5.0 62 ± 1.1/54 ± 2.1 

7.5 60 ± 1.2/53 ± 1.6 

 

Table B-8 Advancing and receding water contact angle data of Pt-BMA brushes 

after hydrolysis by a varied hydrolysis time using 5M TFA in dichloromethane. 

Time (h) θA/θR (°) 

0 94 ± 1.5/66 ± 2.2 

4 62 ± 1.1/53 ± 2.1 

8 68 ± 1.2/58 ± 1.4 

12 68 ± 1.9/57 ± 1.6 

24 66 ± 1.8/55 ± 2.3 

 

Table B-9 Average thickness of PTFMA-b-Pt-BMA brushes calculated from 

ellipsometric data as a function of t-BMA:TFMA ratio.  

t-BMA:TFMA  Average thickness (nm) 

0:1 10.0 ± 0.1 

0.5:1 14.0 ± 0.5 

1:1 18.2 ± 0.4 

2:1 22.0 ± 0.3 

3:1 24.1 ± 0.5 
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Table B-10 Advancing and receding water and hexadecane contact angle data of 

PTFMA-b-Pt-BMA brushes as a function of t-BMA:TFMA ratio. 

  θA/θR (°) 
t-BMA:TFMA  

water hexadecane 

0:1 102 ± 1.2/80 ± 1.2 76 ± 1.2/52 ± 1.2 

0.5:1 92 ± 1.6/72 ± 1.3 30 ± 1.2/20 ± 1.3 

1:1 92 ± 1.3/71 ± 1.6 29 ± 1.4/20 ± 1.2 

2:1 91 ± 1.8/70 ± 1.2 31 ± 1.4/19 ± 1.3 

3:1 90 ± 1.5/71 ± 1.2 30 ± 1.3/20 ± 1.2 

 

Table B-11 Advancing and receding water and hexadecane contact angle data of 

PTFMA-b-Pt-BMA brushes (mole ratio = 1:1) before and after treatment with α,α,α-

trifluorotoluene as a function of treatment time. 

θA/θR (°) 
Time (min)  

water hexadecane 

0 91 ± 1.6/70 ± 1.3 30 ± 1.7/20 ± 1.3 

10 93 ± 1.8/69 ± 1.3 31 ± 1.2/19 ± 1.5 

20 92 ± 1.2/70 ± 1.6 30 ± 1.2/20 ± 1.6 

30 99 ± 1.2/79 ± 1.7 74 ± 1.7/53 ± 1.8 

60 102 ± 1.3/78 ± 1.3 75 ± 1.5/54 ± 1.6 

90 100 ± 1.5/80 ± 1.2 76 ± 1.4/53 ± 1.7 

120 102 ± 1.5/81 ± 1.6 76 ± 1.2/52 ± 1.6 
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Table B-12 Advancing and receding water and hexadecane contact angle data of 

PTFMA-b-Pt-BMA brushes after treatment with α,α,α-trifluorotoluene for 120 min  

as a function of t-BMA:TFMA ratio. 

θA/θR (°) 
t-BMA:TFMA  

water hexadecane 

0.5:1 102 ± 1.6/79 ± 1.3 75 ± 1.5/52 ± 1.3 

1:1 100 ± 1.3/76 ± 1.6 76 ± 1.3/54 ± 1.6 

2:1 100 ± 1.8/77 ± 1.2 75 ± 1.7/54 ± 1.2 

3:1 91 ± 1.5/68 ± 1.3 31 ± 1.5/19 ± 1.3 

 
Table B-13 Advancing and receding water and hexadecane contact angle data of 

PTFMA-b-Pt-BMA brushes (mole ratio = 1:1) after 3 cycles of solvent treatment. 

θA/θR (°) 
cycle  

water hexadecane 

101 ± 1.5/80 ± 1.6 76 ± 1.4/52 ± 1.5 
1 

90 ± 1.3/69 ± 1.5 29 ± 1.5/19 ± 1.3 

102 ± 1.4/79 ± 1.8 76 ± 1.8/52 ± 1.4 
2 

90± 1.7/70 ± 1.5 30 ± 1.9/19 ± 1.4 

102± 1.4/81 ± 1.5 77 ± 1.9/51 ± 1.5 
3 

91± 1.5/71 ± 1.7 30 ± 1.5/20 ± 1.6 
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