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(ABSTRACT) 

The synthesis, characterization and reactivity of linear and network 

macromolecules by chemical modification of amorphous poly(arylene ethers) with 

pendant amines were investigated. A new monomer, 3-aminophenyl-bis(4-fluoro 

phenyl)phosphine oxide was prepared by nitration and reduction of bis(4-fluoro 

phenyl)phenylphosphine oxide. Statistical incorporation of pendant aryl amines 

into linear polymers was achieved by copolymerization of the 

3-aminophenyl-bis(4-fluorophenyl)phosphine oxide with another activated 

dihalide monomer such as 4,4'-dichlorodiphenylsulfone and bisphenol-A. Step 

polymerizations employing nucleophilic aromatic substitution with a dipolar 

aprotic solvent, toluene as the azeotroping agent, and a slight excess of 

potassium carbonate as the weak base was the preferred methodology. The 

concentration of amines along the polymer backbone was successfully controlled 

by varying the ratio of 3-aminophenyl-bis(4-fluorophenyl)phosphine oxide 

monomer relative to the other comonomers. Characterization of the pendant 

amines by proton NMR and potentiometric titration indicated good agreement



between the charged amount and the incorporation of this monomer into the 

copolymer backbone. 

The pendant amines could be quantitatively converted to pendant 

phthalimides by reaction with phthalic anhydride. The pendant amines were also 

reacted to form crosslinkable groups such as maleimides and phenylethyny! 

phenyl imides. These were thermally treated to induce crosslinking and formed 

ductile networks which had improved solvent resistance and higher glass 

transition temperatures. The poly(arylene ethers) containing pendant amines 

were also reacted with an epoxy resin and 4,4'-diaminodiphenylsulfone to afford 

epoxy networks which had significant improvement in fracture toughness at 

selected compositions. 

Bis(o-aminophenol) monomers were investigated as precursors to 

poly(arylene ethers) having pendant amines by copolymerization with 

4,4'-dichlorodiphenylsulfone and bisphenol-A. These studies resulted in insoluble 

gels, which suggested that reaction of both the o-aromatic amine and the 

phenolate with the activated dinalide was occurring. This was further confirmed 

by the successful oligomerization of o-aminophenol itself with 4,4'-dichloro 

diphenylsulfone, which afforded NMP soluble novel poly(sec-amino phenoxy 

diphenylsulfones) with high glass transition temperatures (Tg~276°C).
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1.0 INTRODUCTION 

Amorphous or semi-crystalline linear poly(arylene ethers) such as the 

commercially important poly(arylene ether sulfones), poly(arylene ether ketones), 

and more recently the poly(arylene ether phosphine oxides) are engineering 

thermoplastics well known for their good oxidative, thermal, and hydrolytic 

stability as well as good mechanical properties. Applications of these 

thermoplastics have encompassed a wide spectrum ranging from common 

household items to applications in the automobile, electronic, and aerospace 

industries. The main disadvantage of these materials is solubility and stress 

cracking by common organic solvents. For example, the amorphous systems are 

soluble in chlorinated solvents such as chloroform and dichloromethane, dipolar 

aprotic solvents such as N-methylpyrrolidone, and cyclic ethers such as 

tetrahydrofuran. To expand applications for these polymers, it is desirable to 

improve solvent resistance by introduction of functionality capable of undergoing 

crosslinking reactions. Conversion of amorphous thermoplastics into networks 

may afford materials with better solvent resistance while retaining most of the 

desirable characteristics of amorphous poly(arylene ethers). One earlier method 

has been to synthesize amine terminated oligomers by addition of a 

monofunctional endcapper such as p-aminophenol or m-aminophenol. The 

amine functionality at the oligomer chain ends provides a reactive site for further 

chemical modifications to other functionalities capable of undergoing chain 

extension or crosslinking reactions to afford networks with increased solvent 

resistance. One such example is conversion of terminal amines to maleimides 

by reaction with maleic anhydride. The resultant maleimides can then be



crosslinked by either microwave or thermal treatment to afford networks with 

increased solvent resistance. Final properties of the networks can be varied by 

controlling the concentration of the amine prior to chemical modification. Since 

the amines are only on polymer chain ends, the concentration of the amine is 

dictated by the molecular weight of the oligomer. As the molecular weight of the 

oligomer increases, the concentration of the amine decreases. There is a 

inverse relationship between the molecular weight of the oligomer and the 

concentration of the amine. 

This investigation has focused on amination of the polymer backbone 

instead of on polymer chain ends. With this approach, the amines are no longer 

restricted to be only on polymer chain ends and this allows independent variation 

of molecular weight and concentration of amines. With pendant amines, it is 

possible to obtain high molecular weight polymers with a high concentration of 

the amine. The structure property relationships of linear and network 

macromolecules from modification of pendant amines on high molecular weight 

poly(arylene ethers) have been addressed. The following chapters will discuss 

synthetic methods for amorphous and semi-crystalline poly(arylene ethers) as 

well as provide characterization of the materials. Also, methods for 

functionalization of polymers, both on polymer chain ends and on the polymer 

backbone will be be discussed. Random incorporation of pendant amines by 

copolymerization of 3-aminophenyl-bis(4-fluorophenyl)phosphine oxide with other 

comomoners will be discussed. The concentration of amines along the polymer 

backbone was controlled in a precise manner and characterized prior to further 

chemical modification. Reaction of pendant amines with anhydrides resulted in 

phthalimides, maleimides, and phenylethynylphenyl imides. The pendant amines



were also reacted with epoxides and 4,4'-diaminodiphenylsulfone to afford 

toughened epoxy networks. The final chapter will discuss and present interesting 

results based on using bis(o-aminophenol) monomers as alternative for forming 

pendant amines on poly(arylene ethers). Copolymerization of bis(o-amino 

phenol) monomers with bisphenol-A and 4,4'-dichlorodiphenylsulfone results in 

reaction of both the phenolate and the aromatic amine with the activated dihalide 

monomer. Based on these unusual findings, the results describing synthesis and 

characterization of novel polysulfones containing secondary amines in the 

polymer repeat unit is also discussed.



2.0 LITERATURE REVIEW 

2.1 Aromatic Nucleophilic Substitution (SnjAR) 

There are two main classifications of aromatic substitution reactions, 

namely, aromatic electrophilic substitution and the aromatic nucleophilic 

| substitution (3). Of these two, only the aromatic nucleophilic substitution (SNAR) 

will be discussed, in this review. Furthermore, only the addition-elimination 

aspect of aromatic nucleophilic substitution reactions will be addressed since it is 

the widely accepted mechanism for the synthesis of poly(arylene ethers) that will 

be discussed later. 

Prior to 1951, only aromatic electrophilic substitution was well understood, 

and it was not until a comprehensive review of aromatic nucleophilic substitution 

by Bunnet and Zahler (1) that sparked the interest of scientists to investigate 

other aspects of aromatic nucleophilic substitution reactions. Since then, there 

have been numerous reviews and books that have been written about the subject 

(2-4). 

Many primary and secondary alkyl halides readily undergo bimolecular 

nucleophilic substitution reactions with various nucleophiles. However, 

nucleophilic substitution of unsubstituted aromatic halides are well known to 

require very high reaction temperatures. For example, the reaction of 

chlorobenzene with sodium hydroxide requires the reaction be conducted at 

350°C (5). 
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Conducting the reaction at such a high temperature increases the probability of 

obtaining other undesirable side products. 

The low reactivity of chlorobenzene can be explained by resonance and 

the hybridization of aromatic halides. With chlorobenzene, the following 

resonance structures can be drawn from the electrons donated by the chlorine 

atom (5). 

bb bad 
The resonance hybrid from the above resonance structures imparts a certain 

double bond character to the carbon bonded to chlorine. The bond length of C-Cl 

bond in chlorobenzene is 1.69A, whereas, the C-Cl bonds of alkyl halides are 

between 1.77-1.80A (5). In addition to the resonance effect, the hybridization of 

the aromatic halides also contributes to its low reactivity. In the alkyl halides, the 

carbon bonded to the halogen is sp3 hybridized, but the carbon bonded to the 

chlorine in chlorobenzene is sp2 hybridized. The sp2 hybridization has more S 

character than sp hybridization, therefore, it is more electronegative. Thus, sp2 

hybridized C-Cl bond in chlorobenzene is less likely to donate its electrons to the 

halogen, and this results in a smaller dipole moment for the C-Cl bond in 

chlorobenzene than for the alkyl chlorides (5). Therefore, the carbon bonded to 

the chlorine in chlorobenzene has a less electropositive character than the C-Cl 

bond of alkyl chlorides.



Even though the unsubstituted chlorobenzene has a low reactivity, the 

presence of electron withdrawing substituents on the ortho and/or the para 

position to the halogen remarkably increases the rate of nucleophilic substitution. 

By incorporating a nitro group on the para position to the chlorine, the reaction of 

chloronitrobenzene with sodium hydroxide can be conducted at a much lower 

reaction temperature. 

In the addition-elimination aromatic nucleophilic substitution reactions 

(SNAr), the first step involves the attack of the nucleaphile on the carbon bonded 

to the leaving group (1-5). In most instances, the leaving group is a halogen, but 

other leaving groups such as nitro, alkoxy, and even hydrogen has been 

reported (6-8). The negative charge that develops in the intermediate is 

stabilized via resonance by the aromatic ring and the electron withdrawing group. 

The intermediate has often been referred to as the Meisenheimer complex and in 

certain cases the intermediate is stable enough to be isolated and analyzed (9- 

11). The second step of SNAr is the displacement of the of the leaving group and 

generation of a new bond with the nucleophile as shown on Scheme 1. 
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Scheme 1 Generalized mechanism of addition-elimination aromatic nucleophilic 
substitution reactions (5)



Here, EWG is the electron withdrawing group, X is the leaving group and N is the 

nucleophile. The relative stabilities of the nucleophilic anion and the anion of the 

leaving group determines the relative rates of the two step process. If the anion 

of the leaving group is more stable than the anion of the nucleophile, then the 

displacement of the leaving group is rapid and the formation of the intermediate 

is the rate determining step. 

Ax + Y SOW, army laste ary + xX 

However, if the anion of the nucleophile is more stable than the anion of the 

leaving group, then the formation of the intermediate is the rapid process and the 

displacement of the leaving group is the rate determining step. 

Ax + Y 2S ary -SlOW ary + xX 

If the anionic stabilities of the of the nucleophile and the leaving group are about 

equal, then the formation of the intermediate as well as the displacement of the 

leaving group is a slow process. 

Ax + Y SOM ary SOM ar 4 x 

In the synthesis of poly(arylene ethers) (19), the leaving group is usually a 

halogen, either fluorine or chlorine and the nucleophile is a phenoxide anion. — 

Since the anions of halogens are more stable than the phenoxide anions, the first



step is the rate determining step, and once the intermediate is formed, the 

displacement of the leaving group is a rapid process (12-13). 

There are various factors that influence the rate of the overall SjAr 

reactions. These are: the nature of the electron withdrawing group, the 

nucleophilic reagent, the leaving group and the solvent. The electron 

withdrawing groups stabilize the negative charge in the intermediate as well as 

activate the carbon bonded to the leaving group. Some of the more important 

electron withdrawing groups, in decreasing order are: NO > NO2 > SOoMe > CF3 

> CN > CHO > COR > COOH > F > Cl> Br>|>H>>Me>CMe3 > OMe > 

NMeo2 > OH > NHo (14-15). With the same nucleophile, better electron 

withdrawing groups increase the rate of nucleophilic substitution reaction. 

Electron donating groups such as methoxy and amine deactivate, as a result of 

their ability to donate unpaired electrons and destablize the intermediate. In 

addition, where the electron withdrawing groups are substituted on the aromatic 

ring relative to the leaving group also affect the overall rate. Nucleophilic 

substitution reactions are greatly enhanced if the electron withdrawing group(s) 

are on ortho and/or para position to the leaving group. (3). Clearly, if the electron 

withdrawing group is either on ortho or para position to the leaving group, 

resonance structures can be drawn that delocalize the negative charge by the 

electron withdrawing group. 

EWG 
- x X 

ewe X 
N N



Having the electron withdrawing group on the meta position to the leaving group 

prevents such resonance stabilization. 

Therefore, the only way the electron withdrawing group on the meta position can 

stablize the intermediate is through a very slight inductive effect. Also, the 

presence of more than one electron group on the ortho and the para position 

produce an additive effect and enhance the rate of nucleophilic substitution 

reactions. 

The nucleophilicity of the nucleophile also affects the overall rate of SyAr 

reactions; ie, the better the nucleophile, the faster the overall reaction rate. 

Some of the more important nucleophiles in decreasing order of nucleophilicities 

are: ArS- > RO- > ReaNH- > ArO- > OH > ArNHo > NH3 >I > Br > CF > HO > 

ROH (1). Generally, nucleophilicities can be correlated with basicity; ie, as 

basicity increases, nucleophilicity also increases (5). However, this is only a 

general trend, and caution must be exercised when applying this principle. An 

exception is the comparison between a hydroxide anion and a phenoxide anion. 

Even though the hydroxide anion is more basic than the phenoxide anion, the 

phenoxide anion is more nucleophilic (1). Nucleophilicity is also influenced by 

the polarizability of the attacking atom on the nucleophile. The electron density 

of a polarizable atom can be distorted more easily than the electron density of a 

less polarizable atom. Therefore, polarizability increases the nucleophilicity of a



nucleophile. The relative polarizability accounts for the greater nucleophilicity of 

the thiophenoxide anion relative to the phenoxide anion (1). 

The leaving group must of course also be considered in SnAr reactions. 

In SNAr reactions, the leaving group must stabilize the negative charge that 

results from the displacement and those functional groups that can best stabilize 

the negative charge will be a better leaving group. General trend of some of the 

leaving groups in decreasing order are: F- > NOa- > Cl >Br: F > “SO3R > “NRg 

> “OAr > “OAlkyl > “SAlkyl -“SArO > “SO2Alkyl > amino (1). Commonly 

investigated leaving groups are the halogens and in the alkyl halides, the order of 

the leaving groups in unactivated systems for the halogens are |> Br>Cl>F. In 

activated SjAr displacement reactions, the trend for the halogens are just 

opposite from that of the alkyl halides and the observed trend is F >> Cl > Br> | 

(1,12,16,17). In a nucleophilic substitution of a alkyl! halide, the transition state 

consists of partial bond formation between the nucleophile and the carbon 

bonded to the halogen and a partial bond breaking between the carbon and the 

halide. Because the weaker C-X bond is easier to break, the observed halogen 

order can be explained on the basis of relative bond strengths of the carbon 

bonded to the halogens. The same rationale does not account for the observed 

behavior for the halogens in SNAr reactions. The C-F bond is strongest of the 

carbon halogen bonds, and yet, fluorine is displaced much more rapidly than the 

other halogens. The explanation for the observed behavior is largely due to the 

electronegative nature of fluorine. Because fluorine is the most electronegative 

halogen, it influences the carbon it is directly bonded to by making the carbon 

more electropositive than the other halogens. Also, fluorine can better stabilize 

the negative charge that develops in the intermediate than the other halogens. !n 
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addition, fluorine is a smaller atom than the other halogens and the carbon 

bonded to fluorine is less sterically hindered. In SNAr reactions, unlike the 

nucleophilic subsitution reactions of alkyl halides, the bond breaking between the 

carbon and the halogen is relatively fast compared to the formation of the bond. 

Therefore, the relative bond strengths of C-X are not as crucial in SNAr reactions 

as in the alkyl halide displacement reactions. 

Another major variable that must also be considered in SnNAr reactions is 

the choice of solvent for the reaction. Commonly utilized solvents for SNjAr 

reactions are dipolar aprotic solvents such as dimethyl sulfoxide (DMSO), 

N,N-dimethyl acetamide (DMAc), N,N-dimethylformamide (DMF), and N-methy! 

pyrrolidone (NMP). These dipolar aprotic solvents are good solvents for cations 

and not particularly a good solvent for anions. Therefore, nucleophiles are more 

nucleophilic in these solvents than in protic solvents. Also, due to the dipolar 

nature of these solvents they can better stabilize the intermediate formed in SNAr 

reactions. Nucleophiles in protic solvents such as alcohols can be hydrogen 

bonded with the solvent and become less nucloephilic in the protic solvents. 

Mayanna et al.(18) have conducted kinetic measurements of p-nitro chloro 

benzene with sodium methoxide in mixtures of DMSO and methanol. Their 

results indicated that as concentration of DMSO increased in the mixture, the rate 

of the nucleophilic substitution also increased. 

2.2 Variables to Consider for Linear High Molecular Weight Polymers 

One of the variables which affect polymeric properties such as the glass 

transition temperature (Tg) and mechanical properties is the molecular weight of 
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the polymer. The behavior of a general polymer property as a function of 

molecular weight is shown below 

      
General Melt 
Property, Viscosity 
eg, Tg 

Molecular Weight 

Initially, there is a rapid increase in the measured property as the molecular 

weight increases, then it plateaus or increases only slightly with further increase 

in molecular weight. The threshold molecular weight at which useful properties 

are obtained is the molecular weight at which entanglement of polymer chains 

occur. Below this molecular weight, poor mechanical and thermal properties can 

be expected due to the inability the polymer chains to form entanglements. 

Molecular weights higher than the entanglement molecular weight result in only a 

slight improvement in the mechanical property, but the melt viscosity increases 

dramatically, which make processing very difficult. It is thus desirable to 

synthesize, controlled relative high molecular weight polymers to obtain useful 

mechanical and thermal properties. 

For the synthesis of linear high molecular weight poly(arylene ethers) by a 

step growth or polycondensation process, many important variables must be 

considered and these include: 

1). Very High Purity of Monomers (>99.9). In the step growth 

polycondensation, the number average degree of polymerization (Xn) is defined 

by the following equation 
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Xn= —— 
1-P 

where P is the extent of conversion. Since there is a inverse relationship 

between Xn and P, as P approaches 1, Xn will become larger. The extent of 

conversion is highly dependent on the purity of the monomer(s). If the 

monomer(s) is only 99% pure, then the maximum value of P can only be 0.99 

which corresponds to Xn of 100, but if the purity of the monomer is 99.5% then 

Xn could be 200. Since a small deviation in P causes a large change in Xn, it is 

crucial that the monomer(s) be as pure as possible to synthesize high molecular 

weight linear polymers. 

2). Very High Conversions ( P > 0.99). In contrast to the chain addition or 

addition polymerizations, in the step growth polycondensations the molecular 

weight increases gradually as the extent of conversion increases. This is due to 

the nature of the reaction. Initially, two monomers will react with each other to 

produce a dimer, the dimer can then react with another monomer to produce a 

trimer or it can react with another dimer to produce a tetramer. This process is 

repeated over and over again until essentially all of the monomers, dimers, 

trimers, etc. react to yield only high molecular weight polymer. Any two reactive 

species in the reaction mixture can react with each other and a rapid increase in 

molecular weight does not occur until the extent of conversion approaches 0.99. 

The molecular weight as a function of % conversion is shown in Figure 1(19). 
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Mol. Wt. 

    
%Conversion 99 
  

Figure 1 Molecular weight as a function of conversion for step polymerization 

3). Difunctionality (f=2.0) In order to synthesize linear high molecular weight 

polymers, functionality of the monomers have to be very close to 2.0. 

Functionality of less than 2.0 which can be due to the presence ofa 

monofunctional monomer or impurities will decrease the molecular weight of the 

polymer, and the larger the deviation from 2.0 the lower will be the molecular 

weight. Functionality of greater than 2.0 will result in the formation of branched 

polymers or even three dimensional insoluble networks. 

4). One to One Stoichiometry of the monomers. For the polymerization of 

AA and BB type monomers, there must be present in the reaction mixture an 

equal amount (mole %) of each monomers to be polymerized. Any deviation 

from the one to one stoichiometry of the monomers will decrease the molecular 

weight of the resulting polymer. This is one of the methods for controlling the 

molecular weight as well as the functionality of the polymers synthesized by the 

step growth polycondensations, of course, the polymerization of an AB type 

monomer, one to one stoichiometry is automatically ensured if the monomer is 

pure . 
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5). No Side Reactions. There must not be other competing side reactions 

which will upset the one to one stoiochiometry required for the synthesis of linear 

high molecular weight polymers. It is crucial that the solvents, and the monomers 

be very pure to prevent the possibility of side reactions. 

6). Accessibility of Mutually Reacting Groups. In order to synthesize 

linear high molecular weight polymers, all of the reactive species that are present 

in the reaction mixture must have the opportunity to react with each other. This 

pertains to the choice of solvent and its ability to solubilize the growing polymer 

chains with reactive end groups as well as other reactive species in the reaction 

mixture. The inability of the solvent to keep both the growing polymer chains and 

the other reactive species in solution will prevent the attainment of high molecular 

weight polymers due to premature precipitation of oligomeric polymer chains. 

This is particularly important for semi-crystalline materials. 

2.3 Synthesis of Amorphous Poly(Arylene Ethers) 

In 1967, Johnson et al.(19) published the results on the synthesis and the 

characterization of poly(arylene ether sulfones) and poly(arylene ether ketones) 

synthesized by the aromatic nucleophilic substitution. Using dimethyl sulfoxide 

(DMSO) as the solvent, they were able to synthesize various high molecular 

weight amorphous poly(arylene ethers). The synthesis of poly(arylene ether 

sulfones) from 4,4'-dichlorodiphenyl sulfone (DCDPS) and bisphenol-A is shown 

in Scheme 2. For the synthesis of amorphous poly(arylene ether ketones), 

poly(arylene ether phosphine oxides) (74), or other amorphous poly(arylene 
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�f�i�r�s�t� �d�i�s�s�o�l�v�i�n�g� �b�i�s�p�h�e�n�o�l�-�A� �i�n� �D�M�S�O� �a�n�d� �c�h�l�o�r�o�b�e�n�z�e�n�e� �m�i�x�t�u�r�e� �a�n�d� �w�h�e�n� �a� 

�h�o�m�o�g�e�n�e�o�u�s� �s�o�l�u�t�i�o�n� �i�s� �o�b�t�a�i�n�e�d� �a�t� �~� �6�0�-�8�0�°�C� �s�t�o�i�c�h�i�o�m�e�t�r�i�c� �a�m�o�u�n�t�s� �o�f� 

�s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e� �o�r� �p�o�t�a�s�s�i�u�m� �h�y�d�r�o�x�i�d�e� �m�a�y� �t�h�e�n� �b�e� �a�d�d�e�d� �a�s� �a�n� �a�q�u�e�o�u�s� 

�s�o�l�u�t�i�o�n�.� �B�i�s�p�h�e�n�o�l�a�t�e� �d�e�r�i�v�e�d� �f�r�o�m� �p�o�t�a�s�s�i�u�m� �h�y�d�r�o�x�i�d�e� �r�e�a�c�t�s� �f�a�s�t�e�r� �t�h�a�n� 

�b�i�s�p�h�e�n�o�l�a�t�e�s� �f�r�o�m� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e�.� �L�i�t�h�i�u�m�,� �c�a�l�c�i�u�m�,� �a�n�d� �m�a�g�n�e�s�i�u�m� �s�a�l�t�s� �o�f� 

�t�h�e� �b�i�s�p�h�e�n�o�l� �A� �a�r�e� �i�n�s�o�l�u�b�l�e� �i�n� �D�M�S�O� �a�n�d� �c�a�n�n�o�t� �b�e� �u�s�e�d�.� �T�h�e� �r�e�a�c�t�i�o�n� �f�l�a�s�k� 

�w�a�s� �h�e�a�t�e�d� �u�n�t�i�l� �c�h�l�o�r�o�b�e�n�z�e�n�e� �b�e�g�a�n� �t�o� �r�e�f�l�u�x� �a�n�d� �t�h�i�s� �s�o�l�v�e�n�t� �f�u�n�c�t�i�o�n�e�d� �a�s� �a�n� 

�a�z�e�o�t�r�o�p�e� �t�o� �r�e�m�o�v�e� �t�h�e� �w�a�t�e�r� �f�r�o�m� �t�h�e� �s�y�s�t�e�m�.� �W�h�e�n� �e�s�s�e�n�t�i�a�l�l�y� �a�l�l� �o�f� �t�h�e� 

�w�a�t�e�r� �w�a�s� �r�e�m�o�v�e�d� �,� �4�,�4�'�-�d�i�c�h�l�o�r�o�d�i�p�h�e�n�y�l� �s�u�l�f�o�n�e� �(�D�C�D�P�S�)� �w�a�s� �t�h�e�n� �a�d�d�e�d� �a�s� 

�a� �c�h�l�o�r�o�b�e�n�z�e�n�e� �s�o�l�u�t�i�o�n� �a�n�d� �t�h�e� �h�o�m�o�g�e�n�e�o�u�s� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �w�a�s� �c�o�n�d�u�c�t�e�d� 

�a�t� �~�1�6�0�°�C� �u�n�t�i�l� �a� �v�i�s�c�o�u�s� �s�o�l�u�t�i�o�n� �w�a�s� �o�b�t�a�i�n�e�d� �(�~�1�h�r�)�.� �J�o�h�n�s�o�n� �(�1�9�)� �r�e�c�o�g�n�i�z�e�d� 

�t�h�a�t� �c�a�r�e�f�u�l� �d�e�h�y�d�r�a�t�i�o�n� �w�a�s� �c�r�i�t�i�c�a�l� �t�o� �a�v�o�i�d� �t�h�e� �h�y�d�r�o�l�y�t�i�c� �s�i�d�e� �r�e�a�c�t�i�o�n� �o�f� �t�h�e� 

�c�h�l�o�r�o�s�u�l�f�o�n�e�.� �T�h�e� �p�h�e�n�o�l�a�t�e� �e�n�d� �g�r�o�u�p�s� �m�a�y� �b�e� �n�e�u�t�r�a�l�i�z�e�d� �a�n�d� �t�e�r�m�i�n�a�t�e�d� 
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�w�i�t�h� �m�e�t�h�o�x�y� �g�r�o�u�p�s� �b�y� �p�a�s�s�i�n�g� �m�e�t�h�y�l� �c�h�l�o�r�i�d�e� �i�n�t�o� �t�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e�.� 

�F�u�n�c�t�i�o�n�a�l�i�t�y� �c�a�n� �a�l�s�o� �b�e� �c�o�n�t�r�o�l�l�e�d� �b�y� �u�s�i�n�g� �a� �s�l�i�g�h�t� �e�x�c�e�s�s� �o�f� �e�i�t�h�e�r� �m�o�n�o�m�e�r�.� 

�A� �s�l�i�g�h�t� �e�x�c�e�s�s� �o�f� �b�i�s�p�h�e�n�o�l�a�t�e� �w�i�l�l� �r�e�s�u�l�t� �i�n� �p�h�e�n�o�l�a�t�e� �e�n�d� �g�r�o�u�p�s� �w�h�i�c�h� �c�a�n� �b�e� 

�c�o�n�v�e�r�t�e�d� �b�y� �a�c�i�d�i�f�i�c�a�t�i�o�n� �t�o� �a�f�f�o�r�d� �p�h�e�n�o�l� �t�e�r�m�i�n�a�t�e�d� �p�o�l�y�m�e�r�s�.� �L�i�k�e�w�i�s�e�,� 

�a�d�d�i�t�i�o�n� �o�f� �a� �s�l�i�g�h�t� �e�x�c�e�s�s� �o�f� �D�C�P�D�S� �w�i�l�l� �r�e�s�u�l�t� �i�n� �c�h�l�o�r�i�n�e� �t�e�r�m�i�n�a�t�e�d� �p�o�l�y�m�e�r�s�.� 

�U�s�i�n�g� �t�h�i�s� �m�e�t�h�o�d� �a� �w�i�d�e� �v�a�r�i�e�t�y� �o�f� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �a�m�o�r�p�h�o�u�s� 

�p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �c�a�n� �b�e� �s�y�n�t�h�e�s�i�z�e�d� �i�n� �a� �s�h�o�r�t� �t�i�m�e�.� 

�T�h�e� �r�e�a�c�t�i�v�i�t�y� �o�f� �t�h�e� �b�i�s�p�h�e�n�o�l�a�t�e�s� �w�e�r�e� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �r�e�l�a�t�i�v�e� 

�a�c�i�d�i�t�i�e�s� �o�f� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �b�i�s�p�h�e�n�o�l�s�.� �M�o�r�e� �a�c�i�d�i�c� �b�i�s�p�h�e�n�o�l�s� �w�e�r�e� �s�h�o�w�n� �t�o� 

�b�e� �l�e�s�s� �r�e�a�c�t�i�v�e�.� �B�i�s�p�h�e�n�o�l�s� �w�i�t�h� �e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� �g�r�o�u�p�s� �a�r�e� �m�o�r�e� �a�c�i�d�i�c� 

�b�e�c�a�u�s�e� �t�h�e� �n�e�g�a�t�i�v�e� �c�h�a�r�g�e� �o�n� �t�h�e� �p�h�e�n�o�l�a�t�e�s� �c�a�n� �b�e� �s�t�a�b�l�i�z�e�d� �b�y� �t�h�e� �e�l�e�c�t�r�o�n� 

�w�i�t�h�d�r�a�w�i�n�g� �g�r�o�u�p�s�.� �T�h�i�s� �i�s� �s�h�o�w�n� �b�e�l�o�w� �w�i�t�h� �a� �b�i�s�p�h�e�n�o�l�a�t�e� �(�b�i�s�p�h�e�n�o�l�-�S�)� 

�w�h�i�c�h� �c�o�n�t�a�i�n�s� �a� �s�u�l�f�o�n�e� �a�s� �t�h�e� �e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� �g�r�o�u�p�.� 

�O� 
�=�)� �C�j� �-� 

�<� �a�e� �°�K� 

�L�o�w�e�r� �v�i�s�c�o�s�i�t�y� �w�a�s� �o�b�t�a�i�n�e�d� �f�o�r� �p�o�l�y�m�e�r�s� �f�r�o�m� �l�e�s�s� �r�e�a�c�t�i�v�e� �b�i�s�p�h�e�n�o�l�a�t�e�s� �f�o�r� �a� 

�g�i�v�e�n� �r�e�a�c�t�i�o�n� �t�i�m�e� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e�.� �I�n� �t�h�o�s�e� �c�a�s�e�s�,� �t�h�e� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� 

�t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �i�n�c�r�e�a�s�e�d� �b�y� �u�s�i�n�g� �a� �h�i�g�h�e�r� �b�o�i�l�i�n�g� �s�o�l�v�e�n�t� �w�h�i�c�h� �e�f�f�e�c�t�i�v�e�l�y� 

�i�n�c�r�e�a�s�e�d� �t�h�e� �r�a�t�e�.� �S�u�l�f�o�l�a�n�e� �m�a�y� �b�e� �u�s�e�d� �f�o�r� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�s� �t�h�a�t� �r�e�q�u�i�r�e� 

�h�i�g�h�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �t�h�a�n� �1�6�0�°�C�,� �h�o�w�e�v�e�r�,� �c�o�n�t�a�c�t� �t�i�m�e�s� �m�u�s�t� �b�e� �k�e�p�t� �t�o� �a� �s�h�o�r�t� 

�t�i�m�e� �(�<�5�h�r�s�)� �d�u�e� �t�o� �a� �s�l�o�w� �b�a�s�e� �c�o�n�s�u�m�i�n�g� �s�i�d�e� �r�e�a�c�t�i�o�n� �(�1�9�)�.� 

�S�i�n�c�e� �f�l�u�o�r�i�n�e� �i�s� �m�u�c�h� �m�o�r�e� �e�a�s�i�l�y� �d�i�s�p�l�a�c�e�d� �t�h�a�n� �c�h�l�o�r�i�n�e�,� �t�h�e� �n�a�t�u�r�e� �o�f� 

�t�h�e� �e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� �g�r�o�u�p� �d�e�t�e�r�m�i�n�e�s� �w�h�i�c�h� �h�a�l�o�g�e�n� �i�s� �s�u�i�t�a�b�l�e� �f�o�r� 
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�s�y�n�t�h�e�s�i�s� �o�f� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s�.� �I�f� �a� �s�t�r�o�n�g� �e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� 

�g�r�o�u�p� �s�u�c�h� �a�s� �s�u�l�f�o�n�e� �i�s� �u�s�e�d�,� �e�i�t�h�e�r� �f�l�u�o�r�i�n�e� �o�r� �c�h�l�o�r�i�n�e� �c�a�n� �b�e� �u�s�e�d� �a�s� �t�h�e� 

�h�a�l�o�g�e�n� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s�,� �b�u�t� �r�e�a�c�t�i�v�i�t�y� �w�i�l�l� �b�e� 

�h�i�g�h�e�r� �i�f� �f�l�u�o�r�i�n�e� �i�s� �t�h�e� �h�a�l�o�g�e�n�.� �I�f� �a� �w�e�a�k�e�r� �e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� �g�r�o�u�p� �s�u�c�h� �a�s� 

�a� �k�e�t�o�n�e� �i�s� �u�s�e�d�,� �t�h�e�n� �f�l�u�o�r�i�n�e� �i�s� �p�r�e�f�e�r�r�e�d�,� �s�i�n�c�e� �c�h�l�o�r�i�n�e� �m�a�y� �a�l�l�o�w� �o�n�l�y� �l�o�w� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s� �w�i�l�l� �b�e� �o�b�t�a�i�n�e�d�.� �A�n� �e�x�c�e�p�t�i�o�n� �i�s� �i�f� �t�h�e� �m�o�n�o�m�e�r� 

�c�o�n�t�a�i�n�s� �t�w�o� �k�e�t�o�n�e� �g�r�o�u�p�s�,� �t�h�e�n� �e�i�t�h�e�r� �c�h�l�o�r�i�n�e� �o�r� �f�l�u�o�r�i�n�e� �c�a�n� �b�e� �u�s�e�d� �t�o� 

�s�y�n�t�h�e�s�i�z�e� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s�.� �R�e�c�e�n�t�l�y�,� �w�i�t�h� �a� �b�i�s�h�a�l�o�b�e�n�z�o�y�l� 

�b�e�n�z�e�n�e� �m�o�n�o�m�e�r� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �t�w�o� �k�e�t�o�n�e� �g�r�o�u�p�s�,� �i�f� �t�h�e� �h�a�l�o�g�e�n� �w�a�s� 

�f�l�u�o�r�i�n�e�,� �t�h�e�n� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s� �w�e�r�e� �s�y�n�t�h�e�s�i�z�e�d� �f�r�o�m� �t�h�e� �t�w�o� 

�b�i�s�p�h�e�n�o�l�s� �t�h�e�y� �i�n�v�e�s�t�i�g�a�t�e�d� �w�h�i�c�h� �w�e�r�e� �b�i�s�p�h�e�n�o�l�-�A� �a�n�d� �h�y�d�r�o�q�u�i�n�o�n�e�.� 

�H�o�w�e�v�e�r�,� �w�i�t�h� �c�h�l�o�r�i�n�e� �a�s� �t�h�e� �h�a�l�o�g�e�n�,� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r� �w�a�s� 

�o�b�t�a�i�n�e�d� �w�i�t�h� �o�n�l�y� �b�i�s�p�h�e�n�o�l�-�A� �a�n�d� �n�o�t� �f�r�o�m� �h�y�d�r�o�q�u�i�n�o�n�e�.� �T�h�e� �i�n�a�b�i�l�i�t�y� �t�o� 

�o�b�t�a�i�n� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s� �f�r�o�m� �h�y�d�r�o�q�u�i�n�o�n�e� �a�n�d� 

�b�i�s�(�4�-�c�h�l�o�r�o�b�e�n�z�o�y�l�)�b�e�n�z�e�n�e� �w�a�s� �a�t�t�r�i�b�u�t�e�d� �t�o� �d�e�h�a�l�o�g�e�n�a�t�i�o�n� �w�h�i�c�h� �o�c�c�u�r�r�e�d� 

�d�u�r�i�n�g� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �a�n�d� �t�h�e� �m�e�c�h�a�n�i�s�m� �t�h�e�y� �p�r�o�p�o�s�e�d� �i�n�v�o�l�v�e�d� �a� �f�r�e�e� �r�a�d�i�c�a�l� 

�p�r�o�c�e�s�s�(�2�2�)�.� �O�t�h�e�r�s� �h�a�v�e� �a�l�s�o� �r�e�p�o�r�t�e�d� �s�i�m�i�l�a�r� �r�e�s�u�l�t�s� �f�o�r� �a� �s�i�m�i�l�a�r� �m�o�n�o�m�e�r� 

�4�,�4�'�-�(�d�i�c�h�l�o�r�o�b�e�n�z�o�p�h�e�n�o�n�e�)�.�(�2�3�)�.� 

�T�h�e� �b�i�s�p�h�e�n�o�l�a�t�e� �r�o�u�t�e� �f�o�r� �s�y�n�t�h�e�s�i�s� �o�f� �a�m�o�r�p�h�o�u�s� �p�o�l�y� �(�a�r�y�l�e�n�e� �e�t�h�e�r� 

�s�u�l�f�o�n�e�s�)� �f�r�o�m� �b�i�s�p�h�e�n�o�l�-�A� �a�n�d� �D�C�D�P�S� �i�s� �b�e�l�i�e�v�e�d� �t�o� �b�e� �c�u�r�r�e�n�t�l�y� �u�t�i�l�i�z�e�d� �f�o�r� �t�h�e� 

�s�y�n�t�h�e�s�i�s� �o�f� �a� �c�o�m�m�e�r�c�i�a�l� �b�i�s�p�h�e�n�o�l�-�A� �p�o�l�y� �(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �b�y� �A�m�o�c�o� 

�C�h�e�m�i�c�a�l� �w�h�i�c�h� �h�a�s� �a� �t�r�a�d�e� �n�a�m�e� �U�d�e�l�.� �W�i�t�h� �t�h�i�s� �m�e�t�h�o�d�,� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� 

�p�o�l�y�m�e�r�s� �c�a�n� �b�e� �s�y�n�t�h�e�s�i�z�e�d� �i�n� �a� �r�e�l�a�t�i�v�e�l�y� �s�h�o�r�t� �t�i�m�e� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� 

�r�e�a�c�t�i�v�i�t�i�e�s� �o�f� �t�h�e� �b�i�s�p�h�e�n�o�l� �a�n�d� �t�h�e� �a�c�t�i�v�a�t�e�d� �d�i�h�a�l�i�d�e� �m�o�n�o�m�e�r�.� �W�i�t�h� 

�1�9



�b�i�s�p�h�e�n�o�l�-�A� �a�n�d� �D�C�D�P�S�,� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �i�n� 

�a�b�o�u�t� �4� �h�o�u�r�s� �o�r� �l�e�s�s�.� �F�r�o�m� �a� �r�e�a�c�t�i�o�n� �t�i�m�e� �p�o�i�n�t� �o�f� �v�i�e�w�,� �i�t� �i�s� �a� �c�o�n�v�e�n�i�e�n�t� �w�a�y� 

�t�o� �o�b�t�a�i�n� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s� �i�n� �a� �r�e�l�a�t�i�v�e� �s�h�o�r�t� �t�i�m�e�.� �H�o�w�e�v�e�r�,� �t�h�e�r�e� 

�a�r�e� �d�i�s�a�d�v�a�n�t�a�g�e�s� �w�i�t�h� �t�h�i�s� �m�e�t�h�o�d�,� �n�a�m�e�l�y�,� �t�h�e� �n�e�e�d� �f�o�r� �a�n� �e�x�a�c�t� �s�t�o�i�c�h�i�o�m�e�t�r�i�c� 

�a�m�o�u�n�t� �o�f� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e�,� �b�a�s�e�d� �o�n� �t�h�e� �a�m�o�u�n�t� �o�f� �t�h�e� �b�i�s�p�h�e�n�o�l�.� �A�d�d�i�t�i�o�n� �o�f� 

�e�x�c�e�s�s� �o�r� �d�e�f�i�c�i�e�n�t� �a�m�o�u�n�t� �o�f� �t�h�e� �b�a�s�e� �h�a�s� �a� �d�r�a�m�a�t�i�c� �e�f�f�e�c�t� �o�n� �t�h�e� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �o�f� �t�h�e� �r�e�s�u�l�t�i�n�g� �p�o�l�y�m�e�r� �(�1�9�)�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �e�x�c�e�s�s� �b�a�s�e� �c�a�n� �u�p�s�e�t� �t�h�e� 

�o�n�e� �t�o� �o�n�e� �s�t�o�i�c�h�i�o�m�e�t�r�y� �n�e�e�d�e�d� �f�o�r� �s�y�n�t�h�e�s�i�s� �o�f� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s� 

�b�y� �r�e�a�c�t�i�n�g� �w�i�t�h� �t�h�e� �a�c�t�i�v�a�t�e�d� �d�i�h�a�l�i�d�e� �m�o�n�o�m�e�r�.� �T�h�i�s� �i�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �4�.� 

�c�H�{� �)�-�s�0�- ¬� �)�-�c�I� �+� �2�N�a�O�H� 

�D�M�S�O� �/� �C�h�l�o�r�o�b�e�n�z�e�n�e� 
�1�6�0�°�C� 

�c�i�{� �p�-�S�0�2�-�{� �)�-�O�N�a� �+� �N�a�C�l� �+� �H�O� 

�S�c�h�e�m�e� �4� �T�h�e� �r�e�a�c�t�i�o�n� �o�f� �e�x�c�e�s�s� �b�a�s�e� �w�i�t�h� �t�h�e� �a�c�t�i�v�a�t�e�d� �h�a�l�i�d�e� �m�o�n�o�m�e�r� �(�1�9�)� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �o�f�f�s�e�t�t�i�n�g� �t�h�e� �o�n�e� �t�o� �o�n�e� �s�t�o�i�c�h�i�o�m�e�t�r�y�,� �t�h�e� �c�h�l�o�r�i�n�e� �o�n� �t�h�e� �m�o�n�o� 

�c�h�l�o�r�o� �p�h�e�n�o�l�a�t�e� �o�f� �d�i�p�h�e�n�y�!� �s�u�l�f�o�n�e� �i�s� �m�u�c�h� �l�e�s�s� �r�e�a�c�t�i�v�e� �d�u�e� �t�o� �t�h�e� �b�r�i�d�g�e� 

�e�f�f�e�c�t� �f�r�o�m� �t�h�e� �p�h�e�n�o�l�a�t�e�.� �T�h�e� �l�o�n�e� �p�a�i�r� �o�f� �e�l�e�c�t�r�o�n�s� �f�r�o�m� �t�h�e� �p�h�e�n�o�l�a�t�e� �i�s� 

�2�0



�d�e�l�o�c�a�l�i�z�e�d� �b�y� �t�h�e� �s�u�l�f�o�n�e� �a�n�d� �t�h�i�s� �r�e�d�u�c�e�s� �t�h�e� �e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� �a�b�i�l�i�t�y� �o�f� �t�h�e� 

�s�u�l�f�o�n�e�.� 

�O� 
�y� �i� �E�P�P�O� 

�A�l�s�o�,� �t�h�e� �e�x�c�e�s�s� �b�a�s�e� �c�a�n� �r�e�a�c�t� �a�n�d� �c�l�e�a�v�e� �t�h�e� �a�c�t�i�v�a�t�e�d� �a�r�o�m�a�t�i�c� �e�t�h�e�r� �l�i�n�k�a�g�e�s� 

�o�n� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �w�h�i�c�h� �r�e�d�u�c�e�s� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �t�h�e� �p�o�l�y�m�e�r�.� 

�T�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �d�e�f�i�c�i�e�n�t� �a�m�o�u�n�t� �o�f� �t�h�e� �b�a�s�e� �a�l�s�o� �h�a�s� �a� �d�e�t�r�i�m�e�n�t�a�l� 

�e�f�f�e�c�t� �o�n� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �o�f�f�s�e�t�t�i�n�g� �t�h�e� �o�n�e� �t�o� �o�n�e� �s�t�o�i�c�h�i�o�m�e�t�r�y�,� 

�t�h�e� �f�r�e�e� �b�i�s�p�h�e�n�o�l�s� �c�a�n� �h�y�d�r�o�g�e�n� �b�o�n�d� �w�i�t�h� �o�t�h�e�r� �p�h�e�n�o�l�a�t�e�s� �i�n� �t�h�e� �r�e�a�c�t�i�o�n� 

�m�i�x�t�u�r�e�.� �T�h�i�s� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.� 

�C�H� 
�i� �°� �-� �s�l�,� �G�M�s� 

�v�a�n� �p�o� �)�-�0�  ��o�x� �) ��C�K� �p�r�n�n�n�n�e� 
�|� 

�C�H�,� �C�H�,� 

�F�i�g�u�r�e� �2� �H�y�d�r�o�g�e�n� �b�o�n�d�i�n�g� �o�f� �a� �p�h�e�n�o�l� �a�n�d� �a� �p�h�e�n�o�l�a�t�e� �(�2�4�)� 

�T�h�i�s� �r�e�d�u�c�e�s� �t�h�e� �n�u�c�l�e�o�p�h�i�l�i�c�i�t�y� �o�f� �t�h�e� �p�h�e�n�o�l�a�t�e� �b�y� �a�n� �o�r�d�e�r� �o�f� �m�a�g�n�i�t�u�d�e� �(�2�4�)�.� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �b�a�s�e� �c�o�n�s�i�d�e�r�a�t�i�o�n�,� �m�o�i�s�t�u�r�e� �a�n�d� �o�t�h�e�r� �p�r�o�t�i�c� �c�o�n�t�a�m�i�n�a�n�t�s� 

�m�u�s�t� �b�e� �c�a�r�e�f�u�l�l�y� �e�x�c�l�u�d�e�d� �t�h�r�o�u�g�h�o�u�t� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �m�o�i�s�t�u�r�e� 

�h�a�s� �a� �d�e�v�a�s�t�a�t�i�n�g� �e�f�f�e�c�t� �o�n� �l�i�m�i�t�i�n�g� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �b�y� �h�y�d�r�o�l�y�z�i�n�g� �t�h�e� �a�c�t�i�v�a�t�e�d� 

�d�i�h�a�l�i�d�e� �m�o�n�o�m�e�r�.� �T�h�e� �h�i�g�h� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �p�h�e�n�o�l�a�t�e�s� �t�h�r�o�u�g�h�o�u�t� �m�o�s�t� �o�f� �t�h�e� 

�r�e�a�c�t�i�o�n� �a�t� �e�l�e�v�a�t�e�d� �t�e�m�p�e�r�a�t�u�r�e�s� �i�n�c�r�e�a�s�e�s� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �o�x�i�d�a�t�i�o�n� �b�y� 

�a�t�m�o�s�p�h�e�r�i�c� �o�x�y�g�e�n�.� �A�l�s�o�,� �t�h�e� �D�M�S�O� �c�a�n� �d�e�g�r�a�d�e� �e�a�s�i�l�y� �a�t� �~�1�6�5�°�C� �d�u�r�i�n�g� 

�p�r�o�l�o�n�g� �u�s�e� �a�t� �t�h�i�s� �t�e�m�p�e�r�a�t�u�r�e�.� �J�o�h�n�s�o�n� �e�t� �a�l�.� �(�1�9�)� �a�l�s�o� �i�n�v�e�s�t�i�g�a�t�e�d� �o�t�h�e�r� �h�i�g�h� 

�2�1



�b�o�i�l�i�n�g� �s�o�l�v�e�n�t�s� �s�u�c�h� �a�s� �b�e�n�z�o�p�h�e�n�o�n�e�,� �d�i�p�h�e�n�y�l�s�u�l�f�o�n�e�,� �a�n�d� �b�i�s�(�n�-�p�r�o�p�y�l�)� 

�s�u�l�f�o�x�i�d�e�.� �W�i�t�h� �b�i�s�(�n�-�p�r�o�p�y�l�)� �s�u�l�f�o�x�i�d�e�,� �t�h�e�y� �o�b�s�e�r�v�e�d� �e�v�e�n� �a� �f�a�s�t�e�r� �b�a�s�e� 

�c�o�n�s�u�m�i�n�g� �s�i�d�e� �r�e�a�c�t�i�o�n� �t�h�a�n� �s�u�l�f�o�l�a�n�e�.� �B�e�n�z�o�p�h�e�n�o�n�e� �a�n�d� �d�i�p�h�e�n�y�l�s�u�l�f�o�n�e� 

�b�o�t�h� �w�e�r�e� �i�n�e�f�f�e�c�t�i�v�e� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s� �f�r�o�m� 

�b�i�s�p�h�e�n�o�l�-�A� �a�n�d� �D�C�D�P�S� �a�t� �t�h�e� �r�e�l�a�t�i�v�e� �m�o�d�e�r�a�t�e� �t�e�m�p�e�r�a�t�u�r�e� �i�n�v�e�s�t�i�g�a�t�e�d�.� �W�i�t�h� 

�t�h�e� �b�i�s�p�h�e�n�o�l�a�t�e� �r�o�u�t�e�,� �t�h�e� �a�d�v�a�n�t�a�g�e� �o�f� �s�y�n�t�h�e�s�i�z�i�n�g� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� 

�p�o�l�y�m�e�r�s� �i�n� �a� �s�h�o�r�t� �t�i�m�e� �i�s� �c�o�u�n�t�e�r�b�a�l�a�n�c�e�d� �b�y� �m�a�n�y� �d�i�s�a�d�v�a�n�t�a�g�e�s� �w�h�i�c�h� �w�e�r�e� 

�j�u�s�t� �d�i�s�c�u�s�s�e�d�.� 

�T�h�e� �d�i�m�e�t�h�y�l�a�c�e�t�a�m�i�d�e� �(�D�M�A�c�)�/�p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e� �(�K�2�C�O�3�)� �r�o�u�t�e� 

�(�2�5�,�2�6�)� �w�h�i�c�h� �i�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �5�.� �I�n�s�t�e�a�d� �o�f� �D�M�A�c�,� �a� �s�l�i�g�h�t�l�y� �h�i�g�h�e�r� �b�o�i�l�i�n�g� 

�s�o�l�v�e�n�t� �N�-�m�e�t�h�y�l�p�y�r�r�o�l�i�d�o�n�e� �(�N�M�P�)� �c�a�n� �a�l�s�o� �b�e� �u�s�e�d� �(�2�5�)�.� �W�i�t�h� �t�h�i�s� �a�p�p�r�o�a�c�h�,� 

�s�t�r�i�c�t� �a�d�h�e�r�e�n�c�e� �t�o� �t�h�e� �e�x�a�c�t� �s�t�o�i�c�h�i�o�m�e�t�r�i�c� �a�m�o�u�n�t� �o�f� �t�h�e� �b�a�s�e� �i�s� �n�o�t� �n�e�c�e�s�s�a�r�y� 

�f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s�.� �A� �m�o�d�e�s�t� �e�x�c�e�s�s� �o�f� �K�2�C�O�3� 

�h�a�s� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �n�o�t� �t�o� �h�y�d�r�o�l�y�z�e� �t�h�e� �h�a�l�i�d�e�,� �r�e�a�c�t� �w�i�t�h� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �o�r� 

�p�r�e�v�e�n�t� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s�.� �P�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e� 

�i�s� �o�n�l�y� �p�a�r�t�i�a�l�l�y� �s�o�l�u�b�l�e� �i�n� �D�M�A�c� �a�n�d� �t�h�e�r�e� �i�s� �a�n� �e�q�u�i�l�i�b�r�i�u�m� �o�f� �K�e�2�C�O�3� �i�n� �s�o�l�u�t�i�o�n� 

�a�n�d� �K�e�C�O�3� �a�s� �a�s�o�l�i�d�.� �A�s� �K�2�C�Q�O�3� �i�s� �c�o�n�s�u�m�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �r�e�a�c�t�i�o�n�,� 

�a�d�d�i�t�i�o�n�a�l� �K�2�C�O�3� �d�i�s�s�o�l�v�e�s� �t�o� �p�r�o�d�u�c�e� �t�h�e� �p�h�e�n�o�l�a�t�e�s� �w�h�i�c�h� �r�e�a�c�t� �w�i�t�h� �a�c�t�i�v�a�t�e�d� 

�h�a�l�i�d�e�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e�.� �T�h�e� �w�a�t�e�r� �f�o�r�m�e�d� �f�r�o�m� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� 

�K�e�a�C�Q�O�3� �a�n�d� �t�h�e� �b�i�s�p�h�e�n�o�l� �i�s� �r�e�m�o�v�e�d� �b�y� �a�n� �a�z�e�o�t�r�o�p�i�n�g� �a�g�e�n�t� �s�u�c�h� �a�s� �t�o�l�u�e�n�e�.� 

�T�h�e� �e�x�c�e�s�s� �K�o�C�Q�3� �a�s� �w�e�l�l� �a�s� �t�h�e� �b�y� �p�r�o�d�u�c�t� �p�o�t�a�s�s�i�u�m� �c�h�l�o�r�i�d�e� �i�s� �r�e�m�o�v�e�d� �b�y� 

�f�i�l�t�r�a�t�i�o�n� �p�r�i�o�r� �t�o� �c�o�a�g�u�l�a�t�i�o�n� �o�f� �t�h�e� �p�o�l�y�m�e�r�i�c� �s�o�l�u�t�i�o�n�.� �U�t�i�l�i�z�i�n�g� �t�h�i�s� �a�p�p�r�o�a�c�h�,� 

�v�a�r�i�o�u�s� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �a�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �h�a�v�e� �b�e�e�n� 

�s�y�n�t�h�e�s�i�z�e�d� �a�n�d� �r�e�p�o�r�t�e�d� �(�2�7�,� �2�8�)�.� �T�h�e� �o�t�h�e�r� �d�i�f�f�e�r�e�n�c�e� �w�i�t�h� �t�h�i�s� �a�p�p�r�o�a�c�h� �a�n�d� 

�t�h�e� �b�i�s�p�h�e�n�o�l�a�t�e� �r�o�u�t�e� �i�s� �t�h�e� �k�i�n�e�t�i�c�s� �w�h�i�c�h� �g�o�v�e�r�n� �t�h�e� �t�w�o� �t�y�p�e�s� �o�f� 
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�p�o�l�y�m�e�r�i�z�a�t�i�o�n�s�.� �F�o�r� �t�h�e� �b�i�s�p�h�e�n�o�l�a�t�e� �r�o�u�t�e�,� �t�h�e� �o�v�e�r�a�l�l� �r�e�a�c�t�i�o�n� �r�a�t�e� �f�o�r� �t�h�e� 

�p�o�l�y�m�e�r�i�z�a�t�i�o�n� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �b�y� �S�c�h�u�l�z�e� �e�t� �a�l�.�(�2�9�)� �t�o� �b�e� �a� �s�e�c�o�n�d� �o�r�d�e�r� 

�p�o�l�y�m�e�r�i�z�a�t�i�o�n� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� �b�i�s�p�h�e�n�o�l�a�t�e� �a�n�d� �D�C�D�P�S�,� �h�o�w�e�v�e�r�,� �o�t�h�e�r�s� 

�h�a�v�e� �r�e�p�o�r�t�e�d� �c�o�n�t�r�a�s�t�i�n�g� �r�e�s�u�l�t�s� �(�2�0�,�3�0�)�.� �A� �p�l�o�t� �o�f� �t�h�e� �p�a�r�a�m�e�t�e�r�s� �o�f� �a� �s�e�c�o�n�d� 

�o�r�d�e�r� �r�e�a�c�t�i�o�n� �t�o� �t�h�e� �D�M�A�c�/�K�2�C�Q�O�3� �r�o�u�t�e� �d�o�e�s� �n�o�t� �r�e�s�u�l�t� �i�n� �a� �l�i�n�e�a�r� �p�l�o�t�,� �t�h�i�s� 

�d�i�f�f�e�r�e�n�c�e� �h�a�s� �b�e�e�n� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �h�e�t�e�r�o�g�e�n�e�o�u�s� �n�a�t�u�r�e� �o�f� �t�h�e� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �r�a�t�e�s� �f�o�r� �t�h�e� �t�w�o� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�s� �r�e�v�e�a�l� �a� �s�i�g�n�i�f�i�c�a�n�t� �d�i�f�f�e�r�e�n�c�e�.� 

�T�h�e� �b�i�s�p�h�e�n�o�l�a�t�e� �r�o�u�t�e� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0� �t�i�m�e�s� �f�a�s�t�e�r� �t�h�a�n� �D�M�A�c�/�K�2�C�O�3� �r�o�u�t�e� 

�(�2�6�)�.� �T�h�e� �r�e�a�c�t�i�v�i�t�y� �o�f� �v�a�r�i�o�u�s� �b�i�s�p�h�e�n�o�l�s� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �(�2�0�)�.� �F�r�o�m� �t�h�e� 

�r�e�s�u�l�t�s� �b�a�s�e�d� �o�n� �k�i�n�e�t�i�c� �m�e�a�s�u�r�e�m�e�n�t�s�,� �t�h�e� �b�i�s�p�h�e�n�o�l�a�t�e� �i�s� �m�u�c�h� �m�o�r�e� �r�e�a�c�t�i�v�e� 

�t�h�a�n� �t�h�e� �m�o�n�o�p�h�e�n�o�l�a�t�e�.� �I�n� �t�h�e� �D�M�A�c�/�K�2�C�Q�3� �r�o�u�t�e�,� �i�t�s� �i�s� �b�e�l�i�e�v�e�d� �t�h�a�t� 

�m�o�n�o�p�h�e�n�o�l�a�t�e�s� �a�r�e� �f�o�r�m�e�d� �f�i�r�s�t� �w�h�i�c�h� �t�h�e�n� �r�e�a�c�t� �w�i�t�h� �t�h�e� �a�c�t�i�v�a�t�e�d� �h�a�l�i�d�e� 

�m�o�n�o�m�e�r�.� �I�n� �t�h�e� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �m�i�x�t�u�r�e�,� �o�n�l�y� �a� �f�r�a�c�t�i�o�n� �o�f� �t�h�e� �s�t�o�i�c�h�i�o�m�e�t�r�i�c� 

�a�m�o�u�n�t� �o�f� �b�a�s�e� �n�e�e�d�e�d� �t�o� �c�o�n�v�e�r�t� �a�l�l� �o�f� �t�h�e� �p�h�e�n�o�l�i�c� �g�r�o�u�p�s� �t�o� �p�h�e�n�o�l�a�t�e�s� �i�s� �i�n� 

�s�o�l�u�t�i�o�n�,� �m�o�n�o�p�h�e�n�o�l�a�t�e�s� �w�h�i�c�h� �a�r�e� �f�o�r�m�e�d� �i�n� �s�i�t�u� �m�a�y� �h�y�d�r�o�g�e�n� �b�o�n�d� �w�i�t�h� �f�r�e�e� 

�p�h�e�n�o�l�s� �a�n�d� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�i�s� �t�y�p�e� �o�f� �a�s�s�o�c�i�a�t�i�o�n� �w�i�l�l� �d�e�c�r�e�a�s�e� �t�h�e� �n�u�c�l�e�o�p�h�i�l�i�c�i�t�y� 

�o�f� �t�h�e� �p�h�e�n�o�l�a�t�e�s�.� �T�h�e� �r�e�d�u�c�e�d� �r�a�t�e� �c�a�n� �a�l�s�o� �b�e� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� 

�t�o�l�u�e�n�e� �w�h�i�c�h� �w�i�l�l� �l�o�w�e�r� �t�h�e� �o�v�e�r�a�l�l� �d�i�e�l�e�c�t�r�i�c� �c�o�n�s�t�a�n�t� �o�f� �t�h�e� �r�e�a�c�t�i�o�n� �m�e�d�i�a� �o�r� �i�t� 

�m�a�y� �b�e� �t�h�a�t� �h�e�t�e�r�o�g�e�n�e�o�u�s� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�s� �b�y� �a� �v�i�r�t�u�e� �o�f� �i�t�s� �n�a�t�u�r�e� �i�s� �s�i�m�p�l�y� 

�s�l�o�w�e�r� �t�h�a�n� �h�o�m�o�g�e�n�o�u�s� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�s�.� 

�U�s�u�a�l�l�y�,� �p�h�e�n�y�l� �e�t�h�e�r� �b�o�n�d�s� �a�r�e� �s�t�a�b�l�e�,� �h�o�w�e�v�e�r�,� �t�h�e� �o�x�y�g�e�n� �o�n� �t�h�e� �e�t�h�e�r� 

�i�s� �p�o�s�i�t�i�o�n�e�d� �p�a�r�a� �t�o� �t�h�e� �s�u�l�f�o�n�e�.� �A�s� �a� �c�o�n�s�e�q�u�e�n�c�e�,� �t�h�e� �e�t�h�e�r� �i�s� �a�c�t�i�v�a�t�e�d� �b�y� �t�h�e� 

�s�u�f�o�n�e� �a�n�d� �t�h�e� �e�t�h�e�r� �i�s� �s�u�s�c�e�p�t�i�b�l�e� �t�o� �a�t�t�a�c�k� �b�y� �n�u�c�l�e�o�p�h�i�l�e�s� �s�u�c�h� �a�s� �p�h�e�n�o�l�a�t�e�s�.� 

�T�h�i�s� �h�a�s� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �f�r�o�m� �k�i�n�e�t�i�c� �i�n�v�e�s�t�i�g�a�t�i�o�n� �o�f� �a� �m�o�d�e�l� �c�o�m�p�o�u�n�d� 
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�w�h�i�c�h� �s�h�o�w�s� �t�h�e� �r�e�l�a�t�i�v�e� �r�a�t�e�s� �o�f� �a�t�t�a�c�k� �b�y� �h�y�d�r�o�x�i�d�e� �i�o�n� �o�n� �p�o�s�s�i�b�l�e� �r�e�a�c�t�i�o�n� 

�©� �P�=� �O�-� �=� 
�5�3�0� �5�3�0� 

�k�y� �x� �1�0�°� �(�1� �m�o�l ��!� �s�e�c�)� 

�T�h�i�s� �h�a�s� �b�e�e�n� �c�o�m�m�o�n�l�y� �r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e� �e�t�h�e�r�-�e�t�h�e�r� �i�n�t�e�r�c�h�a�n�g�e� �a�n�d� �t�h�i�s� 

�p�r�o�c�e�s�s� �i�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)�.� �T�h�e� �e�t�h�e�r�-�e�t�h�e�r� 

�i�n�t�e�r�c�h�a�n�g�e� �w�h�i�c�h� �o�c�c�u�r� �d�u�r�i�n�g� �t�h�e� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �p�r�e�v�e�n�t� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �b�l�o�c�k� 

�c�o�p�o�l�y�m�e�r�s� �f�r�o�m� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �a� �p�h�e�n�o�l� �t�e�r�m�i�n�a�t�e�d� �o�l�i�g�o�m�e�r� �w�i�t�h� �a� �h�a�l�o�g�e�n� 

�t�e�r�m�i�n�a�t�e�d� �o�l�i�g�o�m�e�r�.� 

�A�s� �e�t�h�e�r� �b�o�n�d�s� �a�r�e� �f�o�r�m�e�d� �d�u�r�i�n�g� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�,� �t�h�e� �b�y� �p�r�o�d�u�c�t� �o�f� �t�h�e� 

�r�e�a�c�t�i�o�n� �i�s� �a�n� �i�n�o�r�g�a�n�i�c� �h�a�l�i�d�e� �(�K�C�I� �o�r� �K�F�)�.� �I�f� �t�h�e� �a�c�t�i�v�a�t�e�d� �m�o�n�o�m�e�r� �c�o�n�t�a�i�n�s� 

�f�l�u�o�r�i�n�e� �a�s� �t�h�e� �h�a�l�i�d�e�,� �t�h�e� �r�e�s�u�l�t�i�n�g� �p�o�t�a�s�s�i�u�m� �f�l�u�o�r�i�d�e� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �a�l�s�o� 

�a�c�t� �a�s� �a� �n�u�c�l�e�o�p�h�i�l�e� �a�n�d� �p�r�o�m�o�t�e� �c�l�e�a�v�a�g�e� �o�f� �p�o�l�y�m�e�r�i�c� �c�h�a�i�n�s� �i�n� �a�n� �a�n�a�l�o�g�o�u�s� 

�m�a�n�n�e�r� �t�o� �t�h�e� �e�t�h�e�r� �e�t�h�e�r� �i�n�t�e�r�c�h�a�n�g�e� �w�h�i�c�h� �c�a�u�s�e�s� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �t�h�e� 

�p�o�l�y�m�e�r� �t�o� �d�e�c�r�e�a�s�e� �(�3�0�,� �3�1�)�.� 

�A�n�o�t�h�e�r� �i�n�t�e�r�e�s�t�i�n�g� �a�p�p�r�o�a�c�h� �w�h�i�c�h� �c�a�n� �b�e� �u�s�e�d� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� 

�a�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �b�y� �K�r�i�c�h�e�l�d�o�r�f� �(�3�2�-�3�6�)�.� �T�h�i�s� 

�a�p�p�r�o�a�c�h� �i�n�v�o�l�v�e�s� �r�e�a�c�t�i�n�g� �v�a�r�i�o�u�s� �t�r�i�m�e�t�h�y�l�s�i�l�y�l� �e�t�h�e�r� �d�e�r�i�v�a�t�i�v�e�s� �o�f� �b�i�s�p�h�e�n�o�l�s� 

�w�i�t�h� �v�a�r�i�o�u�s� �a�c�t�i�v�a�t�e�d� �d�i�h�a�l�i�d�e� �m�o�n�o�m�e�r�s�.� �T�h�e� �m�e�c�h�a�n�i�s�m� �f�o�r� �t�h�i�s� �r�o�u�t�e� �i�s� 

�s�h�o�w�n� �i�n� �S�c�h�e�m�e� �6�.� �T�h�e� �t�w�o� �p�r�e�v�i�o�u�s� �m�e�t�h�o�d�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �m�e�n�t�i�o�n�e�d� �s�o� �f�a�r� 

�i�n�v�o�l�v�e� �i�s�o�l�a�t�i�o�n� �o�f� �t�h�e� �p�o�l�y�m�e�r� �f�r�o�m� �t�h�e� �s�a�l�t� �b�y� �p�r�o�d�u�c�t�s�,� �e�x�c�e�s�s� �K�o�C�O�3�,� �a�n�d� �t�h�e� 

�s�o�l�v�e�n�t�.� �T�h�e� �b�y� �p�r�o�d�u�c�t�s� �f�r�o�m� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�s� �w�i�t�h� �t�h�i�s� �m�e�t�h�o�d� �i�s� �f�l�u�o�r�o�t�r�i�m�e�t�h�y�|� 
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�s�i�l�a�n�e� �w�h�i�c�h� �i�s� �a� �v�o�l�a�t�i�l�e� �g�a�s�e�o�u�s� �p�r�o�d�u�c�t� �a�n�d� �t�h�i�s� �a�l�l�o�w�s� �e�a�s�y� �i�s�o�l�a�t�i�o�n� �o�f� �t�h�e� 

�p�o�l�y�m�e�r�.� �P�o�l�y�m�e�r�i�z�a�t�i�o�n�s� �a�r�e� �u�s�u�a�l�l�y� �c�o�n�d�u�c�t�e�d� �i�n� �t�h�e� �m�e�l�t� �u�s�i�n�g� �c�a�t�a�l�y�t�i�c� 

�a�m�o�u�n�t�s� �(�~�0�.�1� �w�t�%� �r�e�l�a�t�i�v�e� �t�o� �s�u�m� �o�f� �b�o�t�h� �m�o�n�o�m�e�r�s�)� �o�f� �c�e�s�i�u�m� �f�l�u�o�r�i�d�e� �o�r� 

�p�o�t�a�s�s�i�u�m� �f�l�u�o�r�i�d�e�.� �W�i�t�h� �t�h�i�s� �a�p�p�r�o�a�c�h�,� �t�h�e� �a�c�t�i�v�a�t�e�d� �h�a�l�i�d�e� �m�o�n�o�m�e�r� �m�u�s�t� 

�c�o�n�t�a�i�n� �f�l�u�o�r�i�n�e� �a�s� �t�h�e� �h�a�l�i�d�e�,� �e�v�e�n� �w�h�e�n� �s�u�l�f�o�n�e� �i�s� �t�h�e� �e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� 

�g�r�o�u�p�.� �T�h�i�s� �c�e�r�t�a�i�n�t�l�y� �i�s� �d�u�e� �t�o� �f�l�u�o�r�i�n�e� �b�e�i�n�g� �a� �b�e�t�t�e�r� �l�e�a�v�i�n�g� �g�r�o�u�p� �t�h�a�n� 

�c�h�l�o�r�i�n�e�,� �b�u�t� �a�l�s�o� �t�h�e� �S�i�-�F� �b�o�n�d� �i�s� �m�o�r�e� �s�t�a�b�l�e� �t�h�a�n� �a�n�y� �o�t�h�e�r� �s�i�l�i�c�o�n� �b�o�n�d� �w�h�i�c�h� 

�s�e�r�v�e�s� �a�s� �t�h�e� �d�r�i�v�i�n�g� �f�o�r�c�e� �f�o�r� �t�h�i�s� �t�y�p�e� �o�f� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�.� �A�t�t�e�m�p�t�e�d� 

�p�o�l�y�m�e�r�i�z�a�t�i�o�n�s� �u�s�i�n�g� �c�h�l�o�r�i�n�a�t�e�d� �m�o�n�o�m�e�r�s� �s�u�c�h� �a�s� �4�,�4�'�-�d�i�c�h�l�o�r�o�d�i�p�h�e�n�y�|� 

�s�u�l�f�o�n�e�,� �s�i�l�y�l�a�t�e�d� �c�h�l�o�r�o�h�y�d�r�o�q�u�i�n�o�n�e�,� �a�n�d� �s�i�l�y�l�a�t�e�d� �t�e�t�r�a�c�h�l�o�r�o�b�i�s�p�h�e�n�o�l�-�A� �b�y� �t�h�e� 

�m�e�l�t� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�n�l�y� �r�e�s�u�l�t�e�d� �i�n� �a� �l�o�w� �c�o�n�v�e�r�s�i�o�n�.� �I�t� �i�s� �b�e�l�i�e�v�e�d� �a� �h�a�l�o�g�e�n� 

�e�x�h�a�n�g�e� �o�c�c�u�r�s� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �c�h�l�o�r�i�n�e� �t�o� �c�o�n�v�e�r�t� �c�e�s�i�u�m� �f�l�u�o�r�i�d�e� �t�o� �c�e�s�i�u�m� 

�c�h�l�o�r�i�d�e� �w�h�i�c�h� �i�s� �i�n�s�o�l�u�b�l�e� �i�n� �t�h�e� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �m�e�d�i�a�.� �C�o�n�s�e�q�u�e�n�t�l�y�,� 

�c�h�l�o�r�i�n�a�t�e�d� �m�o�n�o�m�e�r�s� �s�u�c�h� �a�s� �d�i�c�h�l�o�r�d�i�p�h�e�n�y�l� �s�u�l�f�o�n�e� �c�a�n� �b�e� �p�o�l�y�m�e�r�i�z�e�d� �w�i�t�h� 

�t�r�i�m�e�t�h�y�l�s�i�l�y�l� �b�i�s�p�h�e�n�o�l�-�A� �u�s�i�n�g� �a� �d�i�p�o�l�a�r� �a�p�r�o�t�i�c� �s�o�l�v�e�n�t� �s�u�c�h� �a�s� �N�-�m�e�t�h�y�l� 

�p�y�r�r�o�l�i�d�o�n�e� �(�N�M�P�)� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e� �(�3�7�)�.� �T�h�e� �i�n�t�e�r�e�s�t�i�n�g� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �m�e�l�t� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�s� �u�s�i�n�g� �t�h�e� �K�r�i�c�h�e�l�d�o�r�f� �m�e�t�h�o�d� �i�s� �t�h�e� 

�a�p�p�a�r�e�n�t� �a�b�s�e�n�c�e� �o�f� �e�t�h�e�r� �e�t�h�e�r� �i�n�t�e�r�c�h�a�n�g�e� �w�h�i�c�h� �o�c�c�u�r�s� �w�i�t�h� �t�h�e� �n�u�c�l�e�o�p�h�i�l�i�c� 

�r�o�u�t�e�.� �U�s�i�n�g� �K�r�i�c�h�e�l�d�o�r�f�'�s� �m�e�t�h�o�d�,� �s�y�n�t�h�e�s�i�s� �o�f� �b�o�t�h� �r�a�n�d�o�m� �a�n�d� �b�l�o�c�k� 

�c�o�p�o�l�y�m�e�r�s� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �(�3�2�,�3�8�)�.� 

�T�h�e� �f�o�u�r�t�h� �r�o�u�t�e� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �i�s� �t�h�e� 

�F�r�i�e�d�e�l� �C�r�a�f�t� �e�l�e�c�t�r�o�p�h�i�l�i�c� �s�u�b�s�t�i�t�u�t�i�o�n� �r�o�u�t�e� �i�n� �w�h�i�c�h� �t�h�e� �s�u�l�f�o�n�e� �l�i�n�k�a�g�e�s� �a�r�e� 

�f�o�r�m�e�d� �b�y� �r�e�a�c�t�i�o�n� �o�f� �s�u�l�f�o�n�y�l� �c�h�l�o�r�i�d�e�s� �w�i�t�h� �a�r�o�m�a�t�i�c� �n�u�c�l�e�i� �(�3�9�,�4�0�)�.� 
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�i�s� 
�M�e�s�S�i�O�-�~�{� �) ��C�-�{�)�-�O�S�i�M�e�s� �+� �C�s�t�*� �-�F�  ��~� 

�C�H�,� 
�2�2�0�-�2�5�0�°�C� 

�F�-�S�i�M�e�,� 

�o�t� 
�M�e�,�S�i�O�- ¬� �)�-�C�-�{�_�)�-�O�r�s�*� �+� �F�-�{� �)�-�s�o�.�-�{� �)�-�F� 

�C�H�,� 

� � �T�°� �r�e�s�o�K� �)�-�C�-�K� �p�O� �)�-�s�0�-�{� �)�-�F� �+� �c�s�t�  �� 
�C�H�,� 

�E�T�C�.� 

� � 
�o�r� 

�A�O� �D�-�0�-� �2�0�-�4� �E�H� 
�C�H�,� �n� 

�S�c�h�e�m�e� �6� �S�y�n�t�h�e�s�i�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �f�r�o�m� �t�r�i�m�e�t�h�y�l�s�i�l�y�l�!� 
�b�i�s�p�h�e�n�o�l�-�A� �a�n�d� �d�i�f�l�u�o�r�o�d�i�p�h�e�n�y�!� �s�u�l�f�o�n�e� �w�i�t�h� �c�e�s�i�u�m� �f�l�u�o�r�i�d�e� �a�s� �c�a�t�a�l�y�s�t� �(�3�2�)� 
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�H ��A�r�- ��H� �+� �C�l�I�S�O�Q�, ��A�r�- ��S�O�,�C�l�  � �� �f�A� �-�~�S�O�A�r ��S�O� �T�r� �+� �2�H�C�l� �r� �2� �2� �r� �2� �2�]�,� 

�H ��A�r ��S�O�,�.�C�l�  � ��»�  ��A�r�-�S�O� �+� �+� �H�C�l� 
�;� �n� 

�E�i�t�h�e�r� �A�A� �B�B� �t�y�p�e� �m�o�n�o�m�e�r�s� �o�r� �A�B� �m�o�n�o�m�e�r�s� �c�a�n� �b�e� �p�o�l�y�m�e�r�i�z�e�d� �i�n� �t�h�e� �m�e�l�t� �a�s� 

�w�e�l�l� �a�s� �i�n� �s�o�l�u�t�i�o�n� �u�s�i�n�g� �d�i�m�e�t�h�y�l� �s�u�l�f�o�n�e�,� �c�h�l�o�r�i�n�a�t�e�d� �b�i�p�h�e�n�y�l� �a�n�d� �n�i�t�r�o�b�e�n�z�e�n�e� 

�a�s� �t�h�e� �s�o�l�v�e�n�t� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �o�f� �c�a�t�a�l�y�t�i�c� �a�m�o�u�n�t�s� �(�0�.�0�2�-�5� �m�o�l�e�%�)� �o�f� �f�e�r�r�i�c� 

�c�h�l�o�r�i�d�e�,� �i�n�d�i�u�m� �c�h�l�o�r�i�d�e� �o�r� �a�n�t�i�m�o�n�y� �p�e�n�t�a�c�h�l�o�r�i�d�e�.� �T�h�e� �m�e�c�h�a�n�i�s�m� �f�o�r� 

�p�o�l�y�s�u�l�p�h�o�n�y�l�a�t�i�o�n� �i�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �7�.� 

�+� �w�t� 
�*� �S�O�,�  ��>� 

�s�o�,�-�{� �n�n� 

�S�c�h�e�m�e� �7� �P�o�l�y�s�u�l�p�h�o�n�y�l�a�t�i�o�n� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� 
�(�3�9�)� 

�U�n�l�i�k�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �s�y�n�t�h�e�s�i�z�e�d� �b�y� �t�h�e� �n�u�c�l�e�o�p�h�i�l�i�c� �s�u�b�s�t�i�t�u�t�i�o�n� 

�r�o�u�t�e� �w�h�i�c�h� �y�i�e�l�d�s� �a�l�l� �p�a�r�a� �l�i�n�k�a�g�e�s�.� �T�h�i�s� �r�o�u�t�e� �y�i�e�l�d�s� �m�a�i�n�l�y� �a�l�l� �p�a�r�a� �s�t�r�u�c�t�u�r�e�,� 

�h�o�w�e�v�e�r�,� �t�h�e�r�e� �i�s� �u�s�u�a�l�l�y� �a� �s�m�a�l�l� �a�m�o�u�n�t� �o�f� �o�r�t�h�o� �l�i�n�k�a�g�e�s� �w�h�i�c�h� �m�a�y� �l�e�a�d� �t�o� 

�b�r�a�n�c�h�i�n�g� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �m�o�n�o�m�e�r�(�s�)� �u�t�i�l�i�z�e�d�.� 
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�2�.�4� �M�e�t�h�o�d�s� �A�v�a�i�l�a�b�l�e� �t�o� �V�a�r�y� �P�o�l�y�m�e�r�i�c� �P�r�o�p�e�r�t�i�e�s� 

�V�a�r�i�o�u�s� �m�e�t�h�o�d�s� �a�r�e� �a�v�a�i�l�a�b�l�e� �t�o� �o�b�t�a�i�n� �t�h�e� �d�e�s�i�r�e�d� �p�o�l�y�m�e�r�i�c� �p�r�o�p�e�r�t�i�e�s�,� 

�o�n�e� �o�f� �t�h�e� �m�e�t�h�o�d� �i�s� �t�o� �s�y�n�t�h�e�s�i�z�e� �n�e�w� �p�o�l�y�m�e�r�s�,� �h�o�w�e�v�e�r�,� �t�h�i�s� �i�s� �o�f�t�e�n� �e�a�s�i�e�r� 

�s�a�i�d� �t�h�a�n� �d�o�n�e�.� �A�n�o�t�h�e�r� �m�e�t�h�o�d� �i�s� �t�o� �v�a�r�y� �t�h�e� �s�t�r�u�c�t�u�r�a�l� �m�o�i�t�i�e�s� �i�n� �t�h�e� �r�e�p�e�a�t� �u�n�i�t� 

�t�o� �m�o�d�i�f�y� �t�h�e� �T�g�,� �s�o�l�u�b�i�l�i�t�y�,� �m�e�c�h�a�n�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �e�t�c�.�.�.� �T�h�i�s� �c�a�n� �b�e� 

�a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� �m�o�n�o�m�e�r�s� �t�o� �s�y�n�t�h�e�s�i�z�e� �v�a�r�i�o�u�s� �h�o�m�o�p�o�l�y�m�e�r�s� 

�o�r� �c�o�p�o�l�y�m�e�r�s�.� �A�l�s�o� �a� �m�o�n�o�m�e�r� �c�o�n�t�a�i�n�i�n�g� �m�o�r�e� �t�h�a�n� �o�n�e� �f�u�n�c�t�i�o�n�a�l� �g�r�o�u�p� �c�a�n� 

�b�e� �s�y�n�t�h�e�s�i�z�e�d� �a�n�d� �p�o�l�y�m�e�r�i�z�e�d�,� �a� �m�o�n�o�m�e�r� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �b�o�t�h� �t�h�e� �s�u�l�f�o�n�e� 

�a�n�d� �k�e�t�o�n�e� �g�r�o�u�p�s� �h�a�v�e� �b�e�e�n� �s�y�n�t�h�e�s�i�z�e�d� �a�n�d� �p�o�l�y�m�e�r�i�z�e�d� �(�4�1�)�.� 

�A�n�o�t�h�e�r� �p�o�s�s�i�b�i�l�i�t�y� �i�s� �t�o� �b�l�e�n�d� �p�o�l�y�m�e�r�s� �t�o�g�e�t�h�e�r� �b�y� �u�s�i�n�g� �a� �s�o�l�v�e�n�t� �o�r� 

�d�i�r�e�c�t�l�y� �i�n� �t�h�e� �m�e�l�t�,� �i�f� �t�h�e� �p�o�l�y�m�e�r�s� �t�o� �b�e� �b�l�e�n�d�e�d� �a�r�e� �t�h�e�r�m�a�l�l�y� �s�t�a�b�l�e�.� �H�o�w�e�v�e�r�,� 

�m�a�n�y� �p�o�l�y�m�e�r�s� �a�r�e� �i�m�c�o�m�p�a�t�i�b�l�e� �w�i�t�h� �e�a�c�h� �o�t�h�e�r� �a�n�d� �u�s�u�a�l�l�y� �a� �g�r�o�s�s� 

�m�a�c�r�o�p�h�a�s�e� �s�e�p�a�r�a�t�i�o�n� �o�c�c�u�r�s� �w�h�i�c�h� �r�e�s�u�l�t� �i�n� �p�o�o�r� �m�e�c�h�a�n�i�c�a�l� �p�r�o�p�e�r�t�i�e�s�.� �T�h�e� 

�o�t�h�e�r� �a�l�t�e�r�n�a�t�i�v�e� �i�s� �t�o� �s�y�n�t�h�e�s�i�z�e� �b�l�o�c�k�,� �g�r�a�f�t�,� �o�r� �s�t�a�r� �s�h�a�p�e�d� �p�o�l�y�m�e�r�s�.� �W�i�t�h� 

�p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)�,� �b�l�o�c�k� �c�o�p�o�l�y�m�e�r�s� �h�a�v�e� �b�e�e�n� �s�y�n�t�h�e�s�i�z�e�d� �b�y� 

�m�o�d�i�f�y�i�n�g� �p�h�e�n�o�l� �t�e�r�m�i�n�a�t�e�d� �p�o�l�y�m�e�r�s� �(�4�2�)�.� �R�a�n�d�o�m�l�y� �s�e�g�m�e�n�t�e�d� �o�r� �b�l�o�c�k� 

�c�o�p�o�l�y�m�e�r�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�)�-�p�o�l�y�c�a�r�b�o�n�a�t�e� �h�a�v�e� �b�e�e�n� �s�y�n�t�h�e�s�i�z�e�d� 

�b�y� �r�e�a�c�t�i�n�g� �p�h�e�n�o�l� �t�e�r�m�i�n�a�t�e�d� �o�l�i�g�o�m�e�r�s� �o�f� �p�o�l�y�s�u�l�f�o�n�e� �w�i�t�h� �p�h�o�s�g�e�n�e� �a�n�d� 

�b�i�s�p�h�e�n�o�l�-�A� �i�n� �a� �m�i�x�t�u�r�e� �o�f� �m�e�t�h�y�l�e�n�e� �c�h�l�o�r�i�d�e� �a�n�d� �p�y�r�i�d�i�n�e�.� �S�i�m�i�l�a�r�l�y�,� 

�c�o�p�o�l�y�m�e�r�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�)�-�p�o�l�y�(�b�u�t�y�l�e�n�e� �t�e�r�e�p�h�a�l�a�t�e�)� �a�n�d� 

�p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�)�-�p�o�l�y�s�t�y�r�e�n�e� �h�a�v�e� �a�l�s�o� �b�e�e�n� �s�y�n�t�h�e�s�i�z�e�d� �(�4�2�)�.� �F�o�r� 

�r�a�n�d�o�m� �b�l�o�c�k� �c�o�p�o�l�y�m�e�r�s� �i�n� �w�h�i�c�h� �b�o�t�h� �c�o�m�p�o�n�e�n�t�s� �a�r�e� �a�m�o�r�p�h�o�u�s�,� �t�h�e� �m�a�i�n� 

�c�r�i�t�e�r�i�a� �w�h�i�c�h� �d�e�t�e�r�m�i�n�e�d� �w�h�e�t�h�e�r� �a� �m�i�c�r�o�p�h�a�s�e� �s�e�p�a�r�a�t�i�o�n� �o�c�c�u�r�r�e�d� �w�a�s� 

�d�e�t�e�r�m�i�n�e�d� �t�o� �b�e� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �t�h�e� �s�o�l�u�b�i�l�i�t�y� �p�a�r�a�m�e�t�e�r� �o�f� �t�h�e� �t�w�o� 

�h�o�m�o�p�o�l�y�m�e�r�s�.� �I�f� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �i�n� �s�o�l�u�b�i�l�i�t�y� �p�a�r�a�m�e�t�e�r� �w�a�s� �s�m�a�l�l� �(�~�0�.�7�)�,� 
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�m�i�c�r�o�p�h�a�s�e� �s�e�p�a�r�a�t�i�o�n� �w�a�s� �n�o�t� �o�b�s�e�r�v�e�d� �w�i�t�h� �l�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�l�i�g�o�m�e�r�s� 

�(�<�1�0�K�)�,� �w�h�e�r�e�a�s�,� �i�f� �t�h�e� �d�i�f�f�e�r�e�n�c�e� �w�a�s� �l�a�r�g�e�r� �(�~�1�.�6�)�,� �m�i�c�r�o�p�h�a�s�e� �s�e�p�a�r�a�t�i�o�n� �d�i�d� 

�n�o�t� �o�c�c�u�r� �o�n�l�y� �f�o�r� �v�e�r�y� �l�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �(�<�2�K�)� �o�l�i�g�o�m�e�r�s� �o�f� �p�o�l�y�s�t�y�r�e�n�e� �i�n� 

�p�o�l�y�s�t�y�r�e�n�e�-�p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�)� �b�l�o�c�k� �c�o�p�o�l�y�m�e�r�s�.� �P�e�r�f�e�c�t�l�y� �a�l�t�e�r�n�a�t�i�n�g� 

�b�l�o�c�k� �c�o�p�o�l�y�m�e�r�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�)�-�p�o�l�y�d�i�m�e�t�h�y�l�s�i�l�o�x�a�n�e� �h�a�v�e� �a�l�s�o� 

�b�e�e�n� �s�y�n�t�h�e�s�i�z�e�d� �(�4�3�)�.� 

�A�n�o�t�h�e�r� �i�n�t�e�r�e�s�t�i�n�g� �m�o�d�i�f�i�c�a�t�i�o�n� �f�o�r� �a�p�p�l�i�c�a�t�i�o�n� �i�n�v�o�l�v�e� �t�h�e� �r�i�n�g� �o�p�e�n�i�n�g� 

�p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� �s�m�a�l�l� �c�y�c�l�i�c� �s�p�e�c�i�e�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �(�4�4�)�.� 

�R�e�c�e�n�t�l�y�,� �t�h�e� �c�o�n�d�i�t�i�o�n�s� �h�a�v�e� �b�e�e�n� �o�p�t�i�m�i�z�e�d� �a�n�d� �t�h�e� �y�i�e�l�d� �o�f� �t�h�e� �c�y�c�l�i�c�s� �h�a�s� 

�b�e�e�n� �i�m�p�r�o�v�e�d�.� �C�y�c�l�i�c�s� �h�a�v�e� �a� �l�o�w�e�r� �m�e�l�t� �v�i�s�c�o�s�i�t�y� �t�h�a�n� �l�i�n�e�a�r� �h�i�g�h� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �p�o�l�y�m�e�r�s� �a�n�d� �t�h�i�s� �m�e�t�h�o�d� �m�a�y� �b�e� �a�p�p�l�i�c�a�b�l�e� �t�o� �f�a�b�r�i�c�a�t�i�o�n� �o�f� �c�o�m�p�o�s�i�t�e�s� 

�w�h�e�r�e� �i�t� �i�s� �d�e�s�i�r�a�b�l�e� �t�o� �h�a�v�e� �l�o�w� �v�i�s�c�o�s�i�t�y� �m�a�t�e�r�i�a�l�s� �f�o�r� �g�o�o�d� �w�e�t�t�i�n�g� �o�f� �t�h�e� �r�e�s�i�n� 

�t�o� �t�h�e� �c�o�m�p�o�s�i�t�e� �f�i�b�e�r�s�.� �T�h�e�r�m�a�l� �t�r�e�a�t�m�e�n�t� �o�f� �t�h�e� �c�y�c�l�i�c�s� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f�a� 

�c�a�t�a�l�y�s�t� �c�a�n� �i�n�d�u�c�e� �t�h�e� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� �t�h�e� �c�y�c�l�i�c�s� �t�o� �o�b�t�a�i�n� �h�i�g�h� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �p�o�l�y�m�e�r�s�.� 

�2�.�5� �I�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �P�h�o�s�p�h�i�n�e� �O�x�i�d�e� �M�o�i�e�t�y� �o�n� �t�h�e� �B�a�c�k�b�o�n�e� �o�f� 
�P�o�l�y�(�A�r�y�l�e�n�e� �e�t�h�e�r�s�)� 

�A�r�o�m�a�t�i�c� �b�i�s�h�a�l�o�g�e�n�p�h�e�n�y�l� �d�e�r�i�v�a�t�i�v�e�s� �i�n� �w�h�i�c�h� �t�h�e� �h�a�l�o�g�e�n� �i�s� �e�i�t�h�e�r� �a� 

�c�h�l�o�r�i�n�e� �o�r� �a� �f�l�u�o�r�i�n�e� �w�h�i�c�h� �a�l�s�o� �c�o�n�t�a�i�n� �e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� �g�r�o�u�p�s� �s�u�c�h� �a�s� 

�s�u�l�f�o�n�e� �a�n�d� �k�e�t�o�n�e� �g�r�o�u�p�s� �r�e�a�c�t� �w�i�t�h� �t�h�e� �p�h�e�n�o�l�a�t�e�s� �o�f� �a�r�o�m�a�t�i�c� �b�i�s�p�h�e�n�o�l�s� �t�o� 

�g�e�n�e�r�a�t�e� �a�r�o�m�a�t�i�c� �e�t�h�e�r� �b�o�n�d�s� �t�o� �y�i�e�l�d� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�(�a�r�y�l�e�n�e� 

�e�t�h�e�r�s�)�.� �I�n� �t�h�e� �l�a�t�e� �1�9�7�0�s�,� �a�n�o�t�h�e�r� �s�u�c�h� �m�o�n�o�m�e�r� �w�a�s� �i�n�v�e�s�t�i�g�a�t�e�d� �a�s� �a� �p�o�s�s�i�b�l�e� 

�c�a�n�d�i�d�a�t�e� �i�n� �w�h�i�c�h� �t�h�e� �p�h�o�s�p�h�i�n�e� �o�x�i�d�e� �w�a�s� �t�h�e� �e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� �g�r�o�u�p� �(�4�5�)�.� 

�T�h�e�r�e� �a�r�e� �t�w�o� �r�o�u�t�e�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �a�c�t�i�v�a�t�e�d� �d�i�h�a�l�i�d�e� �a�r�o�m�a�t�i�c� 

�3�0



�p�h�o�s�p�h�i�n�e� �o�x�i�d�e� �m�o�n�o�m�e�r�.� �T�h�e� �t�w�o� �s�y�n�t�h�e�t�i�c� �r�o�u�t�e�s� �a�r�e� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �8�.� 

�O�n�e� �a�l�t�e�r�n�a�t�i�v�e� �i�s� �b�y� �t�h�e� �G�r�i�g�n�a�r�d� �r�o�u�t�e� �a�n�d� �t�h�e� �o�t�h�e�r� �r�o�u�t�e� �u�t�i�l�i�z�e�s� �F�r�i�e�d�e�l� �C�r�a�f�t� 

�c�h�e�m�i�s�t�r�y� �t�o� �s�y�n�t�h�e�s�i�z�e� �t�h�e� �b�i�s�(�h�a�l�o�g�e�n�a�t�e�d� �p�h�e�n�y�)�p�h�e�n�y�l� �p�h�o�s�p�h�i�n�e� �o�x�i�d�e� 

�m�o�n�o�m�e�r� �(�4�6�-�4�9�)�.� �E�v�e�n� �t�h�o�u�g�h� �t�h�e� �G�r�i�g�n�a�r�d� �r�o�u�t�e� �i�s� �s�i�m�p�l�e�r� �a�n�d� �a�f�f�o�r�d�s� �a� 

�h�i�g�h�e�r� �p�u�r�i�t�y� �a�n�d� �y�i�e�l�d� �o�f� �t�h�e� �d�e�s�i�r�e�d� �p�a�r�a� �h�a�l�o�g�e�n�a�t�e�d� �p�r�o�d�u�c�t�,� �f�r�o�m� �s�a�f�e�t�y� �a�s� 

�w�e�l�l� �a�s� �f�r�o�m� �a� �c�o�s�t� �p�o�i�n�t� �o�f� �v�i�e�w�,� �t�h�e� �F�r�i�e�d�e�l� �C�r�a�f�t� �r�o�u�t�e� �i�s� �d�e�s�i�r�a�b�l�e� �d�u�e� �t�o� �t�h�e� 

�l�o�w� �c�o�s�t� �o�f� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l�s� �a�n�d� �l�e�s�s� �s�a�f�e�t�y� �p�r�e�c�a�u�t�i�o�n�s� �t�h�a�t� �m�u�s�t� �b�e� 

�c�o�n�s�i�d�e�r�e�d�.� �I�n�i�t�i�a�l� �a�t�t�e�m�p�t�e�d� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�s� �w�i�t�h� �b�i�s�(�4�-�c�h�l�o�r�o�p�h�e�n�y�l�)�p�h�e�n�y�!� 

�p�h�o�s�p�h�i�n�e� �o�x�i�d�e� �w�i�t�h� �t�h�e� �p�o�t�a�s�s�i�u�m� �s�a�l�t� �o�f� �b�i�s�p�h�e�n�o�l�-�A� �i�n� �D�M�S�O� �r�e�s�u�l�t�e�d� �i�n� �o�n�l�y� 

�a� �l�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�l�i�g�o�m�e�r� �w�i�t�h� �i�n�h�e�r�e�n�t� �v�i�s�c�o�s�i�t�y� �o�f� �o�n�l�y� �0�.�1�5� �d�l�/�g� �(�4�5�)�.� 

�S�y�n�t�h�e�s�i�s� �o�f� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s� �f�r�o�m� �b�i�s�(�4�-�f�l�u�o�r�o�p�h�e�n�y�l�)�p�h�e�n�y�!�|� 

�p�h�o�s�p�h�i�n�e� �o�x�i�d�e� �w�i�t�h� �a�r�o�m�a�t�i�c� �b�i�s�p�h�e�n�o�l�s� �r�e�s�u�l�t�e�d� �i�n� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� 

�p�o�l�y�m�e�r�s� �w�i�t�h� �r�e�d�u�c�e�d� �v�i�s�c�o�s�i�t�y� �i�n� �t�h�e� �r�a�n�g�e� �o�f� �0�.�3�-�0�.�4� �d�l�/�g� �(�5�0�)�.� �H�o�w�e�v�e�r�,� 

�c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �t�h�e� �r�e�s�u�l�t�i�n�g� �p�o�l�y�m�e�r� �w�a�s� �n�o�t� �d�i�s�c�l�o�s�e�d� �a�n�d� �h�i�g�h�e�r� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t�s� �w�e�r�e� �s�y�n�t�h�e�s�i�z�e�d� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�e�d� �w�h�e�n� �r�e�a�c�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �w�e�r�e� 

�v�a�r�i�e�d� �a�n�d� �o�p�t�i�m�i�z�e�d� �(�5�1�,�5�2�)�.� �S�i�n�c�e� �t�h�e� �i�n�i�t�i�a�l� �i�n�v�e�s�t�i�g�a�t�i�o�n� �u�s�i�n�g� 

�b�i�s�(�4�-�f�l�u�o�r�o�p�h�e�n�y�l�)� �p�h�o�s�p�h�i�n�e� �o�x�i�d�e� �a�s� �t�h�e� �a�c�t�i�v�a�t�e�d� �d�i�h�a�l�i�d�e� �m�o�n�o�m�e�r�,� �o�t�h�e�r�s� 

�h�a�v�e� �s�y�n�t�h�e�s�i�z�e�d� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�e�d� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s� �b�y� �r�e�a�c�t�i�n�g� 

�i�t� �w�i�t�h� �v�a�r�i�o�u�s� �a�r�o�m�a�t�i�c� �b�i�s�p�h�e�n�o�l�s� �(�5�3�-�5�6�)�.� �R�e�c�e�n�t�l�y�,� �p�h�e�n�o�l�p�h�t�h�a�l�e�i�n� �w�a�s� 

�r�e�a�c�t�e�d� �w�i�t�h� �b�i�s�(�4�-�f�l�u�o�r�o�p�h�e�n�y�l�)�p�h�e�n�y�l�p�h�o�s�p�h�i�n�e� �o�x�i�d�e� �t�o� �s�y�n�t�h�e�s�i�z�e� �h�i�g�h� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s� �a�n�d� �t�h�e� �T�g� �w�a�s� �o�b�s�e�r�v�e�d� �t�o� �b�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�0�%� 

�h�i�g�h�e�r� �t�h�a�n� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �(�D�C�D�P�S� �a�n�d� �b�i�s�p�h�e�n�o�l�-�A�)� �a�n�d� �t�h�e� 

�m�o�d�u�l�u�s� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �2�0�%� �h�i�g�h�e�r� �(�5�7�)�.� �T�h�i�s� �w�a�s� �p�o�s�t�u�l�a�t�e�d� �t�o� �b�e� �d�u�e� �t�o� 

�t�h�e� �i�n�c�r�e�a�s�e� �i�n� �s�t�i�f�f�n�e�s�s� �f�r�o�m� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �t�h�e� �h�e�t�e�r�o�c�y�c�l�i�c�s� �o�n�t�o� �t�h�e� 

�b�a�c�k�b�o�n�e�.� �A�m�i�n�a�t�e�d� �d�e�r�i�v�a�t�i�v�e�s� �o�f� �p�h�e�n�o�l�p�h�t�h�a�l�e�i�n� �m�o�n�o�m�e�r�s� �w�e�r�e� �a�l�s�o� 

�3�1



�s�y�n�t�h�e�s�i�z�e�d� �a�n�d� �s�u�c�c�e�s�s�f�u�l�l�y� �p�o�l�y�m�e�r�i�z�e�d� �w�i�t�h� �b�i�s�(�4�-�f�l�u�o�r�o�p�h�e�n�y�l�)�p�h�e�n�y�|� 

�p�h�o�s�p�h�i�n�e� �o�x�i�d�e� �t�o� �o�b�t�a�i�n� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s�.� 

�O� 
�I�l� �x�x� �p�v� �+� �M�g�  ��T�H�E�L� �x�{� �)�-�M�e�v� �»� �o�t�c� 

�O� �K�E�O� �>� 
�O� 

�|� �H�5�O�>� �/� �A�c�e�t�i�c� �A�c�i�d� 

�S� 

�H�  ��S�O�,� 

�K�A�O�)� 

�t� �A�l�C�l� 

�x�X� �)� �+� �C�l ��P ��c�l� 

�X�=�C�l�,� �F� �Y�=�B�r�,� �C�l� 

�S�c�h�e�m�e� �8� �S�y�n�t�h�e�s�i�s� �o�f� �b�i�s�(�4�-�h�a�l�o�p�h�e�n�y�l�)�p�h�e�n�y�l�p�h�o�s�p�h�i�n�e� �o�x�i�d�e� �b�y� �G�r�i�g�n�a�r�d� 
�a�n�d� �F�r�i�e�d�e�l� �C�r�a�f�t� �C�h�e�m�i�s�t�r�y� �(�4�6�-�4�9�)� 

�3�2



�2�.�6� �F�u�n�c�t�i�o�n�a�l�i�z�a�t�i�o�n� �o�f� �P�o�l�y�(�A�r�y�l�e�n�e� �E�t�h�e�r�s�)� 

�I�n� �t�h�e� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� �t�w�o� �A�A� �a�n�d� �B�B� �t�y�p�e� �m�o�n�o�m�e�r�s� �s�u�c�h� �a�s� �D�C�D�P�S� 

�a�n�d� �b�i�s�p�h�e�n�o�l�-�A�,� �i�f� �o�n�e� �t�o� �o�n�e� �s�t�o�c�h�i�o�m�e�t�r�y� �o�f� �D�C�D�P�S� �a�n�d� �b�i�s�p�h�e�n�o�l�-�A� �i�s� �u�s�e�d�,� 

�t�h�e� �r�e�s�u�l�t�i�n�g� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r� �w�i�l�l� �h�a�v�e� �a� �s�t�a�t�i�s�t�i�c�a�l� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 

�e�n�d� �g�r�o�u�p�s� �w�h�e�r�e� �2�5�%� �o�f� �t�h�e� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �w�i�l�l� �h�a�v�e� �b�o�t�h� �c�h�l�o�r�i�n�e� �e�n�d� �g�r�o�u�p�s�,� 

�2�5�%� �o�f� �t�h�e� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �w�i�l�l� �h�a�v�e� �b�o�t�h� �p�h�e�n�o�l� �e�n�d� �g�r�o�u�p�s� �a�n�d� �5�0�%� �o�f� �t�h�e� 

�p�o�l�y�m�e�r� �c�h�a�i�n�s� �w�i�l�l� �h�a�v�e� �o�n�e� �c�h�l�o�r�i�n�e� �e�n�d� �g�r�o�u�p� �o�n� �o�n�e� �e�n�d� �o�f� �t�h�e� �p�o�l�y�m�e�r� 

�c�h�a�i�n�s� �a�n�d� �t�h�e� �o�t�h�e�r� �e�n�d� �w�i�l�l� �h�a�v�e� �a� �p�h�e�n�o�l� �e�n�d� �g�r�o�u�p�.� �I�n� �t�h�e� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� 

�A�A� �a�n�d� �B�B� �t�y�p�e� �m�o�n�o�m�e�r�s�,� �f�u�n�c�t�i�o�n�a�l�i�z�a�t�i�o�n� �c�a�n� �b�e� �c�o�n�t�r�o�l�l�e�d� �b�y� �o�f�f�s�e�t�t�i�n�g� �t�h�e� 

�o�n�e� �t�o� �o�n�e� �s�t�o�i�c�h�i�o�m�e�t�r�y� �a�n�d� �a�d�d�i�n�g� �a� �s�l�i�g�h�t� �e�x�c�e�s�s� �o�f� �t�h�e� �m�o�n�o�m�e�r� �w�i�t�h� �t�h�e� 

�d�e�s�i�r�e�d� �f�u�n�c�t�i�o�n�a�l�i�t�y�.� �I�f� �a� �p�h�e�n�o�l� �t�e�r�m�i�n�a�t�e�d� �p�o�l�y�m�e�r� �i�s� �d�e�s�i�r�e�d�,� �a� �s�l�i�g�h�t� �e�x�c�e�s�s� �o�f� 

�t�h�e� �b�i�s�p�h�e�n�o�l�-�A� �i�s� �a�d�d�e�d� �r�e�l�a�t�i�v�e� �t�o� �D�C�D�P�S�.� �F�o�r� �t�h�e� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� �A�B� �t�y�p�e� 

�m�o�n�o�m�e�r�s� �s�u�c�h� �a�s� �b�i�s�(�4�-�h�y�d�r�o�x�y�-�4�'�-�c�h�l�o�r�o�p�h�e�n�y�l�)� �s�u�l�f�o�n�e�,� �a�l�l� �o�f� �t�h�e� �p�o�l�y�m�e�r� 

�c�h�a�i�n�s� �w�i�l�l� �h�a�v�e� �o�n�e� �h�y�d�r�o�x�y� �f�u�n�c�t�i�o�n�a�l�i�t�y� �a�n�d� �t�h�e� �o�t�h�e�r� �e�n�d� �w�i�l� �b�e� �c�h�l�o�r�i�n�e� 

�t�e�r�m�i�n�a�t�e�d�.� �M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �c�a�n� �b�e� �c�o�n�t�r�o�l�l�e�d� �b�y� �a�d�d�i�n�g� �a� �m�o�n�o�f�u�n�c�t�i�o�n�a�l� 

�e�n�c�a�p�p�e�r� �t�o� �o�f�f�s�e�t� �t�h�e� �o�n�e� �t�o� �o�n�e� �s�t�o�c�h�i�o�m�e�t�r�y� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �h�i�g�h� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s�.� 

�A�n�o�t�h�e�r� �a�l�t�e�r�n�a�t�i�v�e� �m�e�t�h�o�d� �t�o� �a�c�h�i�e�v�e� �t�h�e� �d�e�s�i�r�e�d� �f�u�n�c�t�i�o�n�a�l�i�t�y� �i�s� �t�o� �a�d�d� �a� 

�m�o�n�o� �f�u�n�c�t�i�o�n�a�l� �m�o�n�o�m�e�r� �s�u�c�h� �a�s� �m�-�a�m�i�n�o�p�h�e�n�o�l� �a�l�o�n�g� �w�i�t�h� �D�C�D�P�S� �a�n�d� 

�b�i�s�p�h�e�n�o�l�-�A� �w�i�l�l� �r�e�s�u�l�t� �e�x�c�l�u�s�i�v�e�l�y� �i�n� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �w�i�t�h� �t�e�r�m�i�n�a�l� �a�m�i�n�e� �g�r�o�u�p�s� 

�(�1�0�7�)�.� �A�n�o�t�h�e�r� �a�p�p�r�o�a�c�h� �t�o� �a�c�h�i�e�v�i�n�g� �f�u�n�c�t�i�o�n�a�l�i�z�e�d� �p�o�l�y�m�e�r�s� �i�s� �t�o� �d�e�r�i�v�a�t�i�z�e� 

�p�o�l�y�m�e�r�s� �o�n� �t�h�e� �b�a�c�k�b�o�n�e� �i�n�s�t�e�a�d� �o�f� �o�n� �p�o�l�y�m�e�r� �c�h�a�i�n� �e�n�d�s�.� �V�a�r�i�o�u�s� �f�u�n�c�t�i�o�n�a�l� 

�g�r�o�u�p�s� �h�a�v�e� �b�e�e�n� �i�n�c�o�r�p�o�r�a�t�e�d� �o�n� �t�h�e� �t�h�e� �b�a�c�k�b�o�n�e� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)�,� 

�e�i�t�h�e�r� �b�y� �c�h�e�m�i�c�a�l�l�y� �m�o�d�i�f�y�i�n�g� �t�h�e� �p�o�l�y�m�e�r�s� �o�r� �b�y� �r�e�a�c�t�i�n�g� �(�c�o�-�r�e�a�c�t�i�n�g�)� �t�h�e� 

�m�o�n�o�m�e�r� �w�i�t�h� �t�w�o� �f�u�n�c�t�i�o�n�a�l�i�t�i�e�s�.� 

�3�3



�P�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �f�r�o�m� �D�C�D�P�S� �a�n�d� �b�i�s�p�h�e�n�o�l�-�A� �h�a�v�e� �b�e�e�n� 

�s�u�l�f�o�n�a�t�e�d� �o�n� �t�h�e� �p�h�e�n�y�l� �r�i�n�g� �o�f� �t�h�e� �b�i�s�p�h�e�n�o�l�-�A� �p�o�r�t�i�o�n� �o�f� �t�h�e� �r�e�p�e�a�t� �u�n�i�t� �b�y� 

�r�e�a�c�t�i�n�g� �t�h�e� �p�o�l�y�m�e�r� �w�i�t�h� �c�h�l�o�r�o�s�u�l�f�o�n�i�c� �a�c�i�d� �(�5�8�)� �o�r� �w�i�t�h� �a� �c�o�m�p�l�e�x� �f�r�o�m� �s�u�l�f�u�r� 

�t�r�i�o�x�i�d�e� �a�n�d� �t�r�i�e�t�h�y�l� �p�h�o�s�p�h�a�t�e� �(�5�9�,�6�0�)�.� �T�h�e� �l�a�t�t�e�r� �m�e�t�h�o�d� �w�a�s� �p�r�o�v�e�n� �t�o� �b�e� �a� 

�b�e�t�t�e�r� �m�e�t�h�o�d� �b�e�c�a�u�s�e� �t�h�e� �d�e�g�r�e�e� �o�f� �s�u�l�f�o�n�a�t�i�o�n� �c�a�n� �b�e� �c�o�n�t�r�o�l�l�e�d� �w�i�t�h�o�u�t� 

�b�r�a�n�c�h�i�n�g� �o�r� �n�e�t�w�o�r�k� �t�a�k�i�n�g� �p�l�a�c�e� �(�b�y� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �s�u�l�f�o�n�e� �l�i�n�k�a�g�e�s�)�,� �a�l�s�o�,� 

�c�l�e�a�v�a�g�e� �o�f� �t�h�e� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �m�a�y� �o�c�c�u�r� �f�r�o�m� �t�h�e� �a�c�i�d� �h�y�d�r�o�l�y�s�i�s� �u�s�i�n�g� �t�h�e� 

�c�h�l�o�r�o�s�u�l�f�o�n�i�c� �a�c�i�d� �a�s� �t�h�e� �s�u�l�f�o�n�a�t�i�n�g� �r�e�a�g�e�n�t�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �s�u�l�f�o�n�i�c� �a�c�i�d� �o�n� �t�h�e� 

�p�h�e�n�y�l� �r�i�n�g� �c�a�n� �b�e� �c�o�n�v�e�r�t�e�d� �t�o� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �s�u�l�f�o�n�a�t�e� �g�r�o�u�p�s� �b�y� 

�n�e�u�t�r�a�l�i�z�a�t�i�o�n� �w�i�t�h� �v�a�r�i�o�u�s� �r�e�a�g�e�n�t�s�.� �U�s�i�n�g� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e� �f�o�r� �n�e�u�t�r�a�l�i�z�a�t�i�o�n� 

�w�i�l�l� �r�e�s�u�l�t� �i�n� �s�o�d�i�u�m� �a�s� �t�h�e� �c�o�u�n�t�e�r�i�o�n�,� �o�t�h�e�r� �c�o�u�n�t�e�r�i�o�n�s� �s�u�c�h� �a�s� �z�i�n�c� �a�n�d� 

�m�a�g�n�e�s�i�u�m� �h�a�v�e� �a�l�s�o� �b�e�e�n� �r�e�p�o�r�t�e�d� �(�6�0�)�.� �T�h�e� �T�g� �o�f� �t�h�e� �p�o�l�y�m�e�r� �i�n�c�r�e�a�s�e�d� �a�s� 

�t�h�e� �d�e�g�r�e�e� �o�f� �s�u�l�f�o�n�a�t�i�o�n� �i�n�c�r�e�a�s�e�d� �a�n�d� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �c�o�u�n�t�e�r�i�o�n� �i�n�f�l�u�e�n�c�e�d� 

�t�h�e� �s�o�l�u�b�i�l�i�t�y� �a�s� �w�e�l�l� �a�s� �t�h�e� �t�h�e� �m�o�d�u�l�u�s� �o�f� �t�h�e� �s�u�l�f�o�n�a�t�e�d� �p�o�l�y�m�e�r�.� �R�e�c�e�n�t�l�y�,� 

�a�n�o�t�h�e�r� �a�p�p�r�o�a�c�h� �t�o� �o�b�t�a�i�n� �s�u�l�f�o�n�a�t�e�d� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �h�a�s� �b�e�e�n� 

�r�e�p�o�r�t�e�d� �(�6�1�)�.� �A� �m�o�n�o�m�e�r� �w�h�i�c�h� �i�s� �a� �d�e�r�i�v�a�t�i�v�e� �o�f� �D�C�D�P�S� �w�a�s� �s�y�n�t�h�e�s�i�z�e�d� �b�y� 

�t�h�e� �r�e�a�c�t�i�o�n� �s�h�o�w�n� �b�e�l�o�w� 

�N�a�O�,�S� �S�O�,�N�a� 
�H�2�S�O�q�4� �/�S�O�3� �N�a�C�l� 

�|� �S�s� �C�l� �>� �>� �C�c� �<� �>� �O�-�<�«� �)�-� �3�0�°�C� �6�h�r� �C�l� �S�O�,� �C�l� 

�H�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �c�o�p�o�l�y�m�e�r�s� �w�e�r�e� �s�y�n�t�h�e�s�i�z�e�d� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� 

� � 

�r�e�a�c�t�i�n�g� �a�r�o�m�a�t�i�c� �b�i�s�p�h�e�n�o�l�s� �w�i�t�h� �D�C�D�P�S� �a�n�d� �v�a�r�i�o�u�s� �a�m�o�u�n�t�s� �o�f� �t�h�e� �s�u�l�f�o�n�a�t�e�d� 

�m�o�n�o�m�e�r� �(�1�-�3�0� �m�o�l�%�)� �w�i�t�h� �p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e� �a�s� �t�h�e� �b�a�s�e�,� �d�i�m�e�t�h�y�l� 

�a�c�e�t�a�m�i�d�e� �a�s� �t�h�e� �s�o�l�v�e�n�t� �a�n�d� �t�o�l�u�e�n�e� �a�s� �t�h�e� �a�z�e�o�t�r�o�p�e�.� �T�h�e� �r�e�s�u�l�t�i�n�g� 
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�c�o�p�o�l�y�m�e�r�s� �w�e�r�e� �s�o�l�u�b�l�e� �i�n� �m�e�t�h�a�n�o�l� �a�n�d� �s�h�o�w�e�d� �a� �d�e�c�r�e�a�s�e� �i�n� �d�e�g�r�a�d�a�t�i�o�n� 

�t�e�m�p�e�r�a�t�u�r�e� �a�s� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �s�u�l�f�o�n�a�t�e� �g�r�o�u�p�s� �i�n�c�r�e�a�s�e�d�.� 

�B�r�o�m�i�n�a�t�i�o�n� �o�f� �a� �6�0�:�4�0� �c�o�p�o�l�y�m�e�r� �o�f� �p�o�l�y� �e�t�h�e�r� �e�t�h�e�r� �s�u�l�f�o�n�e� �(�P�E�E�S�)� �a�n�d� 

�p�o�l�y� �e�t�h�e�r� �s�u�l�f�o�n�e� �(�P�E�S�)� �w�a�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �b�r�o�m�i�n�a�t�i�n�g� �e�x�c�l�u�s�i�v�e�l�y� �o�n� �t�h�e� 

�h�y�d�r�o�q�u�i�n�o�n�e� �u�n�i�t� �o�f� �t�h�e� �r�e�p�e�a�t� �u�n�i�t� �u�s�i�n�g� �a� �m�i�x�t�u�r�e� �o�f� �b�r�o�m�i�n�e� �a�n�d� �c�h�l�o�r�o�f�o�r�m� 

�(�6�2�)�.� �A�s� �t�h�e� �l�e�v�e�l� �o�f� �b�r�o�m�i�n�a�t�i�o�n� �i�n�c�r�e�a�s�e�d�,� �a� �s�l�i�g�h�t� �d�e�c�r�e�a�s�e� �i�n� �v�i�s�c�o�s�i�t�y� �w�a�s� 

�o�b�s�e�r�v�e�d� �w�h�i�c�h� �w�a�s� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �c�l�e�a�v�a�g�e� �o�f� �t�h�e� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �b�y� �H�B�r� 

�w�h�i�c�h� �i�s� �a� �b�y� �p�r�o�d�u�c�t� �f�r�o�m� �t�h�e� �r�e�a�c�t�i�o�n�.� �A�l�s�o�,� �w�h�e�n� �m�o�r�e� �t�h�a�n� �5�0�%� �o�f� �t�h�e� 

�h�y�d�r�o�q�u�i�n�o�n�e� �r�i�n�g�s� �n�e�e�d�e�d� �t�o� �b�e� �b�r�o�m�i�n�a�t�e�d�,� �a� �s�e�c�o�n�d� �b�r�o�m�i�n�a�t�i�o�n� �o�n� �t�h�e� 

�h�y�d�r�o�q�u�i�n�o�n�e� �r�i�n�g� �w�a�s� �o�b�s�e�r�v�e�d�.� 

�I�n� �a�n� �a�t�t�e�m�p�t� �t�o� �o�b�t�a�i�n� �p�e�n�d�a�n�t� �c�a�r�b�o�x�y�l� �g�r�o�u�p�s�,� �a� �f�u�r�t�h�e�r� �m�o�d�i�f�i�c�a�t�i�o�n� �o�f� 

�t�h�e� �r�e�s�u�l�t�i�n�g� �b�r�o�m�i�n�a�t�e�d� �c�o�p�o�l�y�m�e�r�s� �o�f� �P�E�S� �a�n�d� �P�E�E�S� �w�a�s� �a�t�t�e�m�p�t�e�d� �(�6�3�)� �b�y� 

�c�o�n�d�u�c�t�i�n�g� �a� �c�o�u�p�l�i�n�g� �r�e�a�c�t�i�o�n� �o�f� �t�h�e� �t�h�e� �a�r�o�m�a�t�i�c� �b�r�o�m�i�n�e�s� �w�i�t�h� �m�e�t�h�y�l� �a�c�r�y�l�a�t�e� 

�a�n�d� �a�l�l�y�l� �a�l�c�o�h�o�l� �b�y� �a� �o�r�g�a�n�o�p�a�l�l�a�d�i�u�m� �c�a�t�a�l�y�z�e�d� �r�e�a�c�t�i�o�n�.� �A�l�t�h�o�u�g�h� �n�o�t� 

�q�u�a�n�t�i�t�a�t�i�v�e�,� �t�h�e�y� �w�e�r�e� �a�b�l�e� �t�o� �u�s�e� �p�o�l�y�m�e�r�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �l�e�v�e�l�s� �o�f� �b�r�o�m�i�n�a�t�i�o�n� 

�a�n�d� �c�o�u�p�l�e� �t�h�e� �a�r�o�m�a�t�i�c� �b�r�o�m�i�n�e� �a�n�d� �m�e�t�h�y�l� �a�c�r�y�l�a�t�e� �o�n�t�o� �t�h�e� �p�o�l�y�m�e�r� �c�h�a�i�n�s�.� 

�H�y�d�r�o�l�y�s�i�s� �o�f� �t�h�e� �m�e�t�h�y�l� �a�c�r�y�l�a�t�e� �t�o� �t�h�e� �c�a�r�b�o�x�y�l�i�c� �a�c�i�d� �u�s�i�n�g� �t�e�t�r�a�b�u�t�y�l�a�m�m�o�n�i�u�m� 

�h�y�d�r�o�x�i�d�e� �r�e�s�u�l�t�e�d� �i�n� �a� �d�e�c�r�e�a�s�e� �i�n� �v�i�s�c�o�s�i�t�y�.� �M�e�t�h�o�x�y� �a�n�i�o�n�s� �w�h�i�c�h� �a�r�e� �f�o�r�m�e�d� 

�d�u�r�i�n�g� �h�y�d�r�o�y�l�s�i�s� �p�r�o�b�a�b�l�y� �c�l�e�a�v�e�d� �t�h�e� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �b�y� �r�e�a�c�t�i�n�g� �w�i�t�h� �t�h�e� �e�t�h�e�r� 

�l�i�n�k� �p�a�r�a� �t�o� �t�h�e� �s�u�l�f�o�n�e� �t�o� �g�i�v�e� �m�e�t�h�o�x�y� �e�n�d� �g�r�o�u�p�s�.� �T�h�e�y� �w�e�r�e� �m�u�c�h� �l�e�s�s� 

�s�u�c�c�e�s�s�f�u�l� �i�n� �g�r�a�f�t�i�n�g� �a�l�l�y�l� �a�l�c�o�h�o�l� �w�h�i�c�h� �o�f�t�e�n� �r�e�s�u�l�t�e�d� �i�n� �n�o�n� �r�e�p�r�o�d�u�c�i�b�l�e� �r�e�s�u�l�t�s� 

�e�v�e�n� �u�n�d�e�r� �t�h�e� �s�a�m�e� �e�x�p�e�r�i�m�e�n�t�a�l� �c�o�n�d�i�t�i�o�n�s�.� 

�N�i�t�r�o� �g�r�o�u�p�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �i�n�c�o�r�p�o�r�a�t�e�d� �o�n� �t�h�e� �b�a�c�k�b�o�n�e� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� 

�e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �b�y� �r�e�a�c�t�i�n�g� �b�i�s�(�4�-�c�h�l�o�r�o�-�3�-�n�i�t�r�o�p�h�e�n�y�l�)� �s�u�l�f�o�n�e� �w�i�t�h� �b�i�s�p�h�e�n�o�l�-�A� 

�u�s�i�n�g� �p�o�t�a�s�s�i�u�m� �f�l�u�o�r�i�d�e� �(�K�F�)� �i�n� �d�i�p�o�l�a�r� �a�p�r�o�t�i�c� �s�o�l�v�e�n�t�s� �(�6�4�)�.� �T�h�e� �r�e�a�c�t�i�o�n� 
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�s�c�h�e�m�e� �i�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �9�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �a�t� �l�e�a�s�t� �5�0�0� 

�m�o�l�%� �o�f� �K�F� �r�e�l�a�t�i�v�e� �t�o� �b�i�s�p�h�e�n�o�l�-�A� �a�n�d� �i�t� �i�s� �b�e�l�i�e�v�e�d� �t�h�a�t� �p�o�t�a�s�s�i�u�m� �f�l�u�o�r�i�d�e� 

�h�y�d�r�o�g�e�n� �b�o�n�d�s� �w�i�t�h� �b�i�s�p�h�e�n�o�l�-�A� �a�n�d� �e�n�h�a�n�c�e� �t�h�e� �n�u�c�l�e�o�p�h�i�l�i�c�i�t�y� �o�f� �t�h�e� 

�b�i�s�p�h�e�n�o�l� �s�u�f�f�i�c�i�e�n�t�l�y� �e�n�o�u�g�h� �t�o� �a�l�l�o�w� �n�u�c�l�e�o�p�h�i�l�i�c� �d�i�s�p�l�a�c�e�m�e�n�t� �o�f� �t�h�e� �a�c�t�i�v�a�t�e�d� 

�h�a�l�i�d�e� �b�y� �t�h�e� �b�i�s�p�h�e�n�o�l�.� �T�h�e� �o�p�t�i�m�u�m� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �t�i�m�e� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�o� 

�b�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0�0�°�C� �f�o�r� �4�8� �h�o�u�r�s�.� �O�n�l�y� �l�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�l�i�g�o�m�e�r�s� �w�e�r�e� 

�o�b�t�a�i�n�e�d� �a�s� �j�u�d�g�e�d� �b�y� �t�h�e� �i�n�h�e�r�e�n�t� �v�i�s�c�o�s�i�t�y� �r�e�s�u�l�t�s� �a�n�d� �t�h�e� �h�i�g�h�e�s�t� �v�a�l�u�e� 

�o�b�t�a�i�n�e�d� �w�a�s� �o�n�l�y� �0�.�2�8� �d�l�/�g�.� �A�l�s�o�,� �t�h�e� �a�t�t�e�m�p�t�e�d� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� �b�i�s�(�4�-�c�h�l�o�r�o�-� 

�3�-�n�i�t�r�o�p�h�e�n�y�l�)� �s�u�l�f�o�n�e� �a�n�d� �b�i�s�p�h�e�n�o�l�-�A� �b�y� �i�n�t�e�r�f�a�c�i�a�l� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �u�s�i�n�g� �v�a�r�i�o�u�s� 

�p�h�a�s�e� �t�r�a�n�s�f�e�r� �c�a�t�a�l�y�s�t�s� �a�n�d� �s�o�l�v�e�n�t�s� �w�e�r�e� �r�e�p�o�r�t�e�d� �(�6�5�)�.� 

�O�N� �N�O� 

�p�o�t�e� �+� �O�O� 
�K�F� 
�D�i�p�o�l�a�r� �A�p�r�o�t�i�c� �S�o�l�v�e�n�t� 

�R�m� �L�o�l� 
�S�c�h�e�m�e� �9� �R�e�a�c�t�i�o�n� �o�f� �b�i�s�(�4�-�c�h�l�o�r�o�-�2�-�n�i�t�r�o�p�h�e�n�y�l�)�s�u�l�f�o�n�e� �w�i�t�h� �b�i�s�p�h�e�n�o�l�-�A� �u�s�i�n�g� 
�K�F� �i�n� �d�i�p�o�l�a�r� �a�p�r�o�t�i�c� �s�o�l�v�e�n�t� �(�6�4�)� 

�U�s�i�n�g� �t�h�i�s� �m�e�t�h�o�d�,� �h�i�g�h�e�r� �i�n�h�e�r�e�n�t� �v�i�s�c�o�s�i�t�i�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �t�h�a�n� �b�y� �u�s�i�n�g� �K�F�,� 

�i�n�h�e�r�e�n�t� �v�i�s�c�o�s�i�t�y� �a�s� �h�i�g�h� �a�s� �0�.�8�4� �d�l�/�g� �w�a�s� �o�b�t�a�i�n�e�d� �u�s�i�n�g� �p�o�t�a�s�s�i�u�m� �h�y�d�r�o�x�i�d�e� 

�a�s� �t�h�e� �b�a�s�e�,� �m�e�t�h�y�l�e�n�e� �c�h�l�o�r�i�d�e� �a�s� �t�h�e� �s�o�l�v�e�n�t� �a�n�d� �d�i�c�y�c�l�o�h�e�x�y�l�-�1�8�-�c�r�o�w�n�-�6� �(�D�C�-� 

�1�8�-�C�)� �a�s� �t�h�e� �c�a�t�a�l�y�s�t� �a�t� �2�0�°�C� �f�o�r� �2�4� �h�o�u�r�s�.� �A�t�t�e�m�p�t�e�d� �s�o�l�u�t�i�o�n� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� 
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�b�i�s�(�4�-�c�h�l�o�r�o�-�3�-�n�i�t�r�o�p�h�e�n�y�l�)� �s�u�l�f�o�n�e� �w�i�t�h� �b�i�s�(�4�-�h�y�d�r�o�x�y�p�h�e�n�y�l�)�s�u�l�f�o�n�e� �i�n� �e�i�t�h�e�r� 

�N�M�P�-�t�o�l�u�e�n�e� �o�r� �D�M�S�O�-�t�o�l�u�e�n�e� �u�s�i�n�g� �K�O�H� �a�s� �t�h�e� �b�a�s�e� �a�t� �1�4�0�°�C� �f�o�r� �2�4� �h�o�u�r�s� 

�r�e�s�u�l�t�e�d� �i�n� �i�n�h�e�r�e�n�t� �v�i�s�c�o�s�i�t�i�e�s� �i�n� �t�h�e� �r�a�n�g�e� �o�f� �0�.�1�0�-�0�.�1�5� �d�i�/�g� �(�6�6�)�.� 

�N�i�t�r�o� �g�r�o�u�p�s� �o�n� �t�h�e� �b�a�c�k�b�o�n�e� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �h�a�v�e� �a�l�s�o� 

�b�e�e�n� �o�b�t�a�i�n�e�d� �b�y� �n�i�t�r�a�t�i�n�g� �t�h�e� �p�o�l�y�m�e�r� �d�i�r�e�c�t�l�y�.� �P�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �f�r�o�m� 

�D�C�D�P�S� �a�n�d� �b�i�s�p�h�e�n�o�l�-�A� �h�a�v�e� �b�e�e�n� �n�i�t�r�a�t�e�d� �u�s�i�n�g� �m�i�x�t�u�r�e�s� �o�f� �m�e�t�a�l� �n�i�t�r�a�t�e�s� �i�n� 

�t�r�i�f�l�u�o�r�o�a�c�e�t�i�c� �a�n�h�y�d�r�i�d�e� �(�6�7�)�.� �N�i�t�r�a�t�i�o�n� �u�n�d�e�r� �t�h�e� �a�c�i�d�i�c� �c�o�n�d�i�t�i�o�n�s� �p�r�o�m�o�t�e�d� 

�p�a�r�t�i�a�l� �c�l�e�a�v�a�g�e� �o�f� �t�h�e� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �a�n�d� �a� �r�e�d�u�c�t�i�o�n� �i�n� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �w�a�s� 

�o�b�s�e�r�v�e�d�.� �A�f�t�e�r� �s�o�m�e� �d�f�f�i�c�u�l�t�y�,� �t�h�e� �n�i�t�r�o� �g�r�o�u�p�s� �w�e�r�e� �r�e�d�u�c�e�d� �t�o� �t�h�e� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �a�m�i�n�e�s� �w�i�t�h� �s�t�a�n�n�o�u�s� �c�h�l�o�r�i�d�e� �a�n�d� �h�y�d�r�o�c�h�l�o�r�i�c� �a�c�i�d� �i�n� �r�e�f�l�u�x�i�n�g� 

�t�e�t�r�a�h�y�d�r�o�f�u�r�a�n�.� 

�S�u�c�c�e�s�s�f�u�l� �n�i�t�r�a�t�i�o�n� �a�n�d� �r�e�d�u�c�t�i�o�n� �w�a�s� �a�l�s�o� �r�e�p�o�r�t�e�d� �f�o�r� �a� �c�o�p�o�l�y�m�e�r� �o�f� 

�P�E�S� �a�n�d� �P�E�E�S� �b�y� �n�i�t�r�a�t�i�n�g� �t�h�e� �h�y�d�r�o�q�u�i�n�o�n�e� �u�n�i�t� �o�f� �t�h�e� �r�e�p�e�a�t� �u�n�i�t� �w�i�t�h� �a� 

�s�t�o�c�h�i�o�m�e�t�r�i�c� �q�u�a�n�t�i�t�y� �o�f� �s�u�l�f�u�r�i�c� �a�c�i�d� �a�n�d� �n�i�t�r�i�c� �a�c�i�d� �m�i�x�t�u�r�e�,� �u�s�i�n�g� �n�i�t�r�o�b�e�n�z�e�n�e� 

�a�s� �t�h�e� �s�o�l�v�e�n�t� �(�6�8�)�.� �T�h�e�y� �w�e�r�e� �a�b�l�e� �t�o� �n�i�t�r�a�t�e� �v�a�r�i�o�u�s� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �t�h�e� 

�h�y�d�r�o�q�u�i�n�o�n�e� �u�n�i�t�s�.� �A�g�a�i�n�,� �a�f�t�e�r� �v�a�r�i�o�u�s� �t�r�i�a�l�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �r�e�d�u�c�i�n�g� �r�e�a�g�e�n�t�s�,� �i�t� 

�w�a�s� �p�o�s�s�i�b�l�e� �t�o� �r�e�d�u�c�e� �t�h�e� �n�i�t�r�o� �g�r�o�u�p�s� �u�s�i�n�g� �s�o�d�i�u�m� �d�i�t�h�i�o�n�a�t�e� �i�n� �d�i�m�e�t�h�y�l� 

�f�o�r�m�a�m�i�d�e�.� �F�o�r� �t�h�e� �c�o�p�o�l�y�m�e�r�s� �w�i�t�h� �v�a�r�i�o�u�s� �d�e�g�r�e�e�s� �o�f� �s�u�b�s�t�i�t�u�t�i�o�n�,� �t�h�e� �T�g� 

�i�n�c�r�e�a�s�e�d� �a�s� �t�h�e� �e�x�t�e�n�t� �o�f� �s�u�b�s�t�i�t�u�t�i�o�n� �i�n�c�r�e�a�s�e�d�,� �h�o�w�e�v�e�r�,� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �T�g� 

�w�a�s� �g�r�e�a�t�e�r� �f�o�r� �t�h�e� �a�m�i�n�a�t�e�d� �c�o�p�o�l�y�m�e�r�s� �t�h�a�n� �f�o�r� �t�h�e� �n�i�t�r�a�t�e�d� �c�o�p�o�l�y�m�e�r�s�.� �T�h�i�s� 

�w�a�s� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �i�n�c�r�e�a�s�e�d� �c�h�a�i�n� �s�t�i�f�f�n�e�s�s� �o�r� �r�e�s�i�s�t�a�n�c�e� �t�o� �r�o�t�a�t�i�o�n� �d�u�e� �t�o� �t�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �t�h�e� �a�m�i�n�e�s� �w�h�i�c�h� �h�a�v�e� �t�h�e� �a�b�i�l�i�t�y� �t�o� �h�y�d�r�o�g�e�n� �b�o�n�d� �w�i�t�h� �o�t�h�e�r� �p�o�l�a�r� 

�s�u�l�f�o�n�e� �g�r�o�u�p�s�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �a�m�i�n�a�t�e�d� �c�o�p�o�l�y�m�e�r�s� �w�e�r�e� �s�u�c�c�e�s�s�f�u�l�l�y� �c�o�n�v�e�r�t�e�d� 

�t�o� �m�a�l�e�i�m�i�d�e�s� �b�y� �r�e�a�c�t�i�n�g� �i�t� �w�i�t�h� �m�a�l�e�i�c� �a�n�h�y�d�r�i�d�e� �i�n� �c�y�c�l�o�p�e�n�t�a�n�o�n�e� �w�i�t�h� �s�o�d�i�u�m� 

�a�c�e�t�a�t�e� �a�n�d� �a�c�e�t�i�c� �a�n�y�d�r�i�d�e�.� 
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�W�i�t�h� �t�h�e� �P�E�S� �s�y�s�t�e�m�,� �i�t� �w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �i�t� �w�a�s� �s�t�a�b�l�e� �i�n� �s�u�l�f�u�r�i�c� 

�a�c�i�d� �a�n�d� �t�h�a�t� �t�h�e� �c�o�m�p�o�s�i�t�i�o�n� �r�e�m�a�i�n� �u�n�c�h�a�n�g�e�d� �(�6�9�)�.� �A�t�t�e�m�p�t�s� �t�o� �n�i�t�r�a�t�e� �t�h�e� 

�P�E�S� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �n�i�t�r�a�t�i�n�g� �a�g�e�n�t�s� �s�u�c�h� �a�s� �p�o�t�a�s�s�i�u�m� �n�i�t�r�a�t�e�/�s�u�l�f�u�r�i�c� �a�c�i�d� �a�n�d� 

�f�u�m�i�n�g� �n�i�t�r�i�c� �a�c�i�d�/�s�u�l�f�u�r�i�c� �a�c�i�d� �m�i�x�t�u�r�e�s� �r�e�s�u�l�t�e�d� �i�n� �b�o�t�h� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� 

�v�i�s�c�o�s�i�t�y� �a�n�d� �t�h�e� �p�e�r�c�e�n�t� �y�i�e�l�d� �o�f� �t�h�e� �r�e�c�o�v�e�r�e�d� �p�r�o�d�u�c�t�.� �T�h�e�y� �a�t�t�r�i�b�u�t�e�d� �t�h�e� 

�d�e�c�r�e�a�s�e� �i�n� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �f�r�o�m� �t�h�e� �i�p�s�o� �a�t�t�a�c�k� �o�f� �t�h�e� �n�i�t�r�o�n�i�u�m� �i�o�n� �a�t� �t�h�e� 

�c�a�r�b�o�n� �b�o�n�d�e�d� �t�o� �t�h�e� �s�u�l�f�o�n�e�.� �T�h�i�s� �i�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �1�0�.� 

�A�p�d�o� �+�1�0�,�  ��=� �p�o�o� �,�O�e� �N�O�;� 

�p�m�,� �+� �P�o� 
�K�e� 

�+� 

�S�c�h�e�m�e� �1�0� �P�r�o�p�o�s�e�d� �m�e�c�h�a�n�i�s�m� �f�o�r� �t�h�e� �r�e�d�u�c�t�i�o�n� �i�n� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �d�u�r�i�n�g� 
�n�i�t�r�a�t�i�o�n� �o�f� �P�E�S� �(�6�9�)� 

�R�e�d�u�c�t�i�o�n� �o�f� �n�i�t�r�a�t�e�d� �P�E�S� �t�o� �t�h�e� �a�m�i�n�e�s� �d�i�d� �n�o�t� �y�i�e�l�d� �f�a�v�o�r�a�b�l�e� �r�e�s�u�l�t�s� �e�v�e�n� 

�w�h�e�n� �s�o�d�i�u�m� �d�i�t�h�i�o�n�a�t�e� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �r�e�d�u�c�i�n�g� �a�g�e�n�t�.� �R�e�d�u�c�t�i�o�n� �o�f�t�e�n� 

�r�e�s�u�l�t�e�d� �i�n� �i�n�c�o�m�p�l�e�t�e� �c�o�n�v�e�r�s�i�o�n� �e�v�e�n� �a�f�t�e�r� �e�x�t�e�n�d�e�d� �r�e�a�c�t�i�o�n� �t�i�m�e�s� �a�n�d� �t�h�e� 

�p�r�o�d�u�c�t�s� �o�b�t�a�i�n�e�d� �a�f�t�e�r� �r�e�d�u�c�t�i�o�n� �c�o�n�t�a�i�n�e�d� �l�e�s�s� �n�i�t�r�o�g�e�n� �t�h�a�n� �e�x�p�e�c�t�e�d� �w�h�i�c�h� 

�w�a�s� �d�u�e� �t�o� �t�h�e� �o�c�c�u�r�a�n�c�e� �o�f� �u�n�d�e�s�i�r�a�b�l�e� �s�i�d�e� �r�e�a�c�t�i�o�n�s�.� �T�h�e�y� �a�l�s�o� �c�o�n�d�u�c�t�e�d� 
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�c�o�p�o�l�y�m�e�r�i�z�a�t�i�o�n�s� �u�s�i�n�g� �t�h�e� �m�o�n�o�m�e�r� �b�i�s�(�2�-�a�m�i�n�o�-�4�-�c�h�l�o�r�o�p�h�e�n�y�l�)�s�u�l�f�o�n�e� �w�h�i�c�h� 

�c�o�n�t�a�i�n�s� �b�o�t�h� �t�h�e� �a�c�t�i�v�a�t�e�d� �h�a�l�i�d�e�s� �a�n�d� �t�h�e� �a�m�i�n�o� �f�u�n�c�t�i�o�n�a�l�i�t�i�e�s�.� 

�N�H�,� 

�o�-�{�p�-�8�0�4�)�-�0� 

�H�N� 

�T�h�e�y� �c�o�n�d�u�c�t�e�d� �c�o�p�o�l�y�m�e�r�i�z�a�t�i�o�n�s� �o�f� �t�h�e� �a�b�o�v�e� �m�o�n�o�m�e�r� �(�1�0� �a�n�d� �2�0� �m�o�l�%�)� �w�i�t�h� 

�D�C�D�P�S� �a�n�d� �b�i�s�(�4�-�h�y�d�r�o�x�y�p�h�e�n�y�l�)�s�u�l�f�o�n�e� �(�B�i�s�-�S�)� �u�s�i�n�g� �p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e� �a�n�d� 

�d�i�p�h�e�n�y�l�s�u�l�f�o�n�e� �a�s� �t�h�e� �h�i�g�h� �t�e�m�p�e�r�a�t�u�r�e� �s�o�l�v�e�n�t�.� �I�n�h�e�r�e�n�t� �v�i�s�c�o�s�i�t�y� �o�f� �t�h�e� 

�c�o�p�o�l�y�m�e�r�i�z�a�t�i�o�n�s� �w�e�r�e� �r�e�l�a�t�i�v�e�l�y� �l�o�w�,� �0�.�2�5� �d�l�/�g� �f�o�r� �t�h�e� �1�0� �m�o�l�%� �i�n�c�o�r�p�o�r�a�t�i�o�n� 

�a�n�d� �0�.�2�2� �d�l�/�g� �f�o�r� �t�h�e� �2�0� �m�o�l�%� �i�n�c�o�r�p�o�r�a�t�i�o�n� �r�e�s�p�e�c�t�i�v�e�l�y�.� �E�v�e�n� �t�h�o�u�g�h� �h�i�g�h� 

�r�e�a�c�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e�s� �w�e�r�e� �u�s�e�d�,� �t�h�e� �l�o�w� �i�n�h�e�r�e�n�t� �v�i�s�c�o�s�i�t�i�e�s� �w�e�r�e� �p�r�o�b�a�b�l�y� �d�u�e� 

�t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�h�e� �a�m�i�n�e� �o�n� �t�h�e� �o�r�t�h�o� �p�o�s�i�t�i�o�n� �t�o� �t�h�e� �s�u�l�f�o�n�e� �w�h�i�c�h� �r�e�d�u�c�e�s� 

�t�h�e� �e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� �c�a�p�a�c�i�t�y� �o�f� �t�h�e� �s�u�l�f�o�n�e�.� �T�h�e� �n�e�x�t� �l�o�g�i�c�a�l� �s�t�e�p� �w�o�u�l�d� �b�e� 

�t�o� �u�s�e� �a� �b�e�t�t�e�r� �l�e�a�v�i�n�g� �g�r�o�u�p� �a�n�d� �t�o� �u�s�e� �f�l�u�o�r�i�n�e� �i�n�s�t�e�a�d� �o�f� �c�h�l�o�r�i�n�e�.� �W�h�e�n� 

�c�o�p�o�l�y�m�e�r�i�z�a�t�i�o�n�s� �(�5� �a�n�d� �2�0� �m�o�l�%�)� �w�i�t�h� �t�h�e� �f�l�u�o�r�i�n�e� �d�e�r�i�v�a�t�i�v�e� �w�e�r�e� �c�o�n�d�u�c�t�e�d� 

�u�n�d�e�r� �t�h�e� �s�a�m�e� �c�o�n�d�i�t�i�o�n�s� �a�s� �d�i�s�c�r�i�b�e�d� �a�b�o�v�e� �(�7�0�)�,� �t�h�e� �n�u�m�b�e�r� �a�v�e�r�a�g�e� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �d�e�c�r�e�a�s�e�d� �f�r�o�m� �2�2�,�0�0�0� �g�/�m�o�l� �f�o�r� �t�h�e� �c�o�n�t�r�o�l� �t�o� �1�4�,�0�0�0� �a�n�d� 

�1�0�,�0�0�0� �f�o�r� �t�h�e� �5� �a�n�d� �2�0� �m�o�l�%� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �b�i�s�(�4�-�f�l�u�o�r�o�-�2�-�a�m�i�n�o�p�h�e�n�y�l�)� 

�s�u�l�f�o�n�e�.� 

�O�t�h�e�r� �f�u�n�c�t�i�o�n�a�l� �g�r�o�u�p�s� �s�u�c�h� �a�s� �p�e�n�d�a�n�t� �p�e�r�f�l�u�o�r�o�a�l�k�y�l� �g�r�o�u�p�s� �b�y� 

�n�u�c�l�e�o�p�h�i�l�i�c� �d�i�s�p�l�a�c�e�m�e�n�t� �(�7�1�)� �a�n�d� �l�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�l�i�g�o�m�e�r�s� �w�i�t�h� �p�e�n�d�a�n�t� 

�m�a�l�e�i�m�i�d�e�s� �b�y� �t�h�e� �e�l�e�c�t�r�o�p�h�i�l�i�c� �r�o�u�t�e� �h�a�v�e� �a�l�s�o� �b�e�e�n� �r�e�p�o�r�t�e�d� �(�7�2�)�.� 
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�2�.�7� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �A�m�o�r�p�h�o�u�s� �P�o�l�y�(�A�r�y�l�e�n�e� �E�t�h�e�r�s�)� 

�A�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �a�r�e� �e�n�g�i�n�e�e�r�i�n�g� �t�h�e�r�m�o�p�l�a�s�t�i�c�s� �w�h�i�c�h� 

�d�i�s�p�l�a�y� �g�o�o�d� �m�e�c�h�a�n�i�c�a�l�,� �c�h�e�m�i�c�a�l�,� �a�n�d� �t�h�e�r�m�o�-�o�x�i�d�a�t�i�v�e� �p�r�o�p�e�r�t�i�e�s�.� �R�e�c�e�n�t�l�y�,� 

�p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �p�h�o�s�p�h�i�n�e� �o�x�i�d�e�s�)� �h�a�v�e� �e�m�e�r�g�e�d� �a�s� �a� �p�o�s�s�i�b�l�e� �n�e�w� �i�m�p�o�r�t�a�n�t� 

�m�a�t�e�r�i�a�l� �b�e�c�a�u�s�e� �i�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �a�b�o�v�e� �d�e�s�i�r�a�b�l�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �t�h�e�y� �a�l�s�o� 

�f�u�n�c�t�i�o�n� �a�s� �a� �f�l�a�m�e� �r�e�t�a�r�d�a�n�t� �(�7�3�)� �a�n�d� �s�h�o�w� �h�i�g�h� �c�h�a�r� �y�i�e�l�d�s� �u�p�o�n� �t�h�e�r�m�a�l� 

�d�e�g�r�a�d�a�t�i�o�n�.� �I�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �p�h�o�s�p�h�i�n�e� �o�x�i�d�e�s� �a�l�s�o� �i�n�c�r�e�a�s�e�s� �t�h�e� �T�g�.� �H�i�g�h� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s� �f�r�o�m� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �b�i�s�p�h�e�n�o�l�-�A� �a�n�d� 

�b�i�s�(�4�-�f�l�u�o�r�o�p�h�e�n�y�l�)�p�h�e�n�y�!� �p�h�o�s�p�h�i�n�e� �o�x�i�d�e� �h�a�s� �a� �T�g� �o�f� �2�0�5�°�C� �a�s� �c�o�m�p�a�r�e�d� �t�o� 

�1�9�0�°�C� �f�o�r� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �f�r�o�m� 

�4�,�4�'�-�d�i�c�h�l�o�r�d�i�p�h�e�n�y�l� �s�u�l�f�o�n�e� �a�n�d� �b�i�s�p�h�e�n�o�l�-�A� �(�7�4�)�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�r�i�a�r�y�!� 

�p�h�o�s�p�h�i�n�e� �o�x�i�d�e�s� �o�n� �t�h�e� �p�o�l�y�m�e�r� �r�e�p�e�a�t� �u�n�i�t� �a�l�s�o� �e�n�h�a�n�c�e�s� �s�o�l�u�b�i�l�i�t�y� �a�n�d� �m�o�r�e� 

�i�m�p�o�r�t�a�n�t�l�y� �s�h�o�w� �v�e�r�y� �g�o�o�d� �r�e�s�i�s�t�a�n�c�e� �t�o� �d�e�g�r�a�d�a�t�i�o�n� �b�y� �a�t�o�m�i�c� �o�x�y�g�e�n� �(�7�4�)�.� �I�n� 

�a�d�d�i�t�i�o�n� �t�o� �t�h�e�s�e� �p�r�o�p�e�r�t�i�e�s�,� �p�h�o�s�p�h�i�n�e� �o�x�i�d�e�s� �c�a�n� �a�l�s�o� �c�o�m�p�l�e�x� �w�i�t�h� �v�a�r�i�o�u�s� 

�m�e�t�a�l�s� �a�n�d� �t�h�e� �r�e�s�u�l�t�i�n�g� �c�o�m�p�l�e�x� �o�f� �p�h�o�s�p�h�i�n�e� �o�x�i�d�e�s� �w�i�t�h� �m�e�t�a�l�s� �a�l�o�n�g� �t�h�e� 

�b�a�c�k�b�o�n�e� �h�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �e�n�h�a�n�c�e�d� �t�h�e�r�m�a�l� �a�n�d� �m�e�c�h�a�n�i�c�a�l� �p�r�o�p�e�r�t�i�e�s�.� �(�7�5�)�.� 

�T�h�e� �d�e�s�i�r�a�b�l�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �s�u�c�h� �a�s� �c�h�e�m�i�c�a�l� �a�n�d� 

�t�h�e�r�m�o�o�x�i�d�a�t�i�v�e� �s�t�a�b�l�i�l�i�t�y� �i�s� �d�u�e� �t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�r�o�m�a�t�i�c� �m�o�i�t�i�e�s� �w�h�i�c�h� �i�m�p�a�r�t� 

�a� �c�e�r�t�a�i�n� �d�e�g�r�e�e� �o�f� �r�i�g�i�d�i�t�y� �a�n�d� �s�t�a�b�i�l�i�t�y� �t�o� �p�o�l�y�m�e�r� �c�h�a�i�n�s�.� �T�h�e� �b�o�n�d� �s�t�r�e�n�g�t�h� �o�f� 

�c�a�r�b�o�n�-�o�x�y�g�e�n� �b�o�n�d� �o�f� �a�r�o�m�a�t�i�c� �e�t�h�e�r�s� �i�s� �c�o�m�p�a�r�a�b�l�e� �t�o� �t�h�e� �c�a�r�b�o�n�-�c�a�r�b�o�n� 

�b�o�n�d�.� �T�h�e� �b�o�n�d� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �f�o�r�m�e�r� �i�s� �8�4�.�0� �k�c�a�l�/�m�o�l� �a�n�d� �t�h�e� �l�a�t�t�e�r� �i�s� �8�3�.�1� 

�k�c�a�l�/�m�o�l�.� �M�a�n�y� �p�o�l�y� �(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �a�r�e� �t�o�u�g�h� �a�n�d� �t�h�e� �t�o�u�g�h�n�e�s�s� �h�a�s� �b�e�e�n� 

�a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�h�e� �a�r�o�m�a�t�i�c� �e�t�h�e�r� �b�o�n�d�s� �(�8�0�)�.� �T�h�e� �t�o�u�g�h�n�e�s�s� �o�f� 

�p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �h�a�s� �b�e�e�n� �i�n�v�e�s�t�i�g�a�t�e�d� �b�y� �m�a�n�y� �r�e�s�e�a�r�c�h�e�r�s� �u�s�i�n�g� �v�a�r�i�o�u�s� 

�e�x�p�e�r�i�m�e�n�t�a�l� �t�e�c�h�n�i�q�u�e�s� �s�u�c�h� �a�s� �d�y�n�a�m�i�c� �m�e�c�h�a�n�i�c�a�l� �a�n�a�l�y�s�i�s�,� �d�i�e�l�e�c�t�r�i�c� 
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�m�e�a�s�u�r�e�m�e�n�t�s� �a�n�d� �e�v�e�n� �n�u�c�l�e�a�r� �m�a�g�n�e�t�i�c� �r�e�s�o�n�a�n�c�e� �(�7�6�-�8�0�)�.� �E�v�e�n� �t�h�o�u�g�h� 

�t�h�e�r�e� �s�t�i�l�l� �e�x�i�s�t� �c�o�n�t�r�o�v�e�r�s�i�e�s� �a�n�d� �d�i�s�a�g�r�e�e�m�e�n�t�s� �p�e�r�t�a�i�n�i�n�g� �t�o� �h�o�w� �v�a�r�i�o�u�s� �f�a�c�t�o�r�s� 

�s�u�c�h� �a�s� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �w�a�t�e�r� �a�f�f�e�c�t� �t�h�e� �t�o�u�g�h�n�e�s�s�,� �i�t� �i�s� �g�e�n�e�r�a�l�l�y� �a�g�r�e�e�d� �t�h�a�t� 

�t�o�u�g�h�n�e�s�s� �i�s� �t�h�e� �r�e�s�u�l�t� �o�f� �t�h�e� �t�h�e� �r�o�t�a�t�i�o�n� �o�f� �a�r�o�m�a�t�i�c� �r�i�n�g�s� �a�b�o�u�t� �e�t�h�e�r� �b�o�n�d�s� �a�t� 

�t�e�m�p�e�r�a�t�u�r�e�s� �w�e�l�l� �b�e�l�o�w� �t�h�e� �p�r�i�m�a�r�y� �g�l�a�s�s� �t�r�a�n�s�i�t�i�o�n� �(�T�g�)� �t�e�m�p�e�r�a�t�u�r�e� �(�7�7�,�7�9� �8�0�)�.� 

�T�h�e�s�e� �m�o�l�e�c�u�l�a�r� �m�o�v�e�m�e�n�t�s� �h�a�s� �b�e�e�n� �c�o�m�m�o�n�l�y� �r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e� �b�e�t�a� �(�3�)� 

�r�e�l�a�x�a�t�i�o�n�.� �F�o�r� �m�a�n�y� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)�,� �t�h�e� �B� �r�e�l�a�x�a�t�i�o�n� �o�c�c�u�r�s� �a�t� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �-�8�0�°�C�.� �S�t�r�u�c�t�u�r�a�l� �v�a�r�i�a�t�i�o�n� �i�n� �i�n� �t�h�e� �r�e�p�e�a�t� �u�n�i�t� �o�f� �p�o�l�y�m�e�r�s� �h�a�s� 

�b�e�e�n� �d�e�t�e�r�m�i�n�e�d� �t�o� �i�n�f�l�u�e�n�c�e� �t�h�e� �n�o�t�c�h�e�d� �i�m�p�a�c�t� �s�t�r�e�n�g�t�h� �(�8�1�)�.� �F�o�r� �p�o�l�y�(�a�r�y�l�e�n�e� 

�e�t�h�e�r� �s�u�l�f�o�n�e�s�)�,� �n�o� �d�i�r�e�c�t� �c�o�r�r�e�l�a�t�i�o�n� �o�n� �t�h�e� �i�m�p�a�c�t� �s�t�r�e�n�g�t�h� �w�a�s� �o�b�s�e�r�v�e�d� �a�s� �a� 

�f�u�n�c�t�i�o�n� �o�f� �T�g�.� �T�h�e� �i�m�p�o�r�t�a�n�t� �v�a�r�i�a�b�l�e� �t�u�r�n�e�d� �o�u�t� �t�o� �b�e� �s�y�m�m�e�t�r�y� �o�f� �t�h�e� �p�o�l�y�m�e�r� 

�c�h�a�i�n�s�.� �S�t�r�u�c�t�u�r�a�l� �c�h�a�n�g�e�s� �t�h�a�t� �d�i�m�i�n�i�s�h�e�d� �s�y�m�m�e�t�r�y� �s�u�c�h� �a�s� �d�e�v�i�a�t�i�o�n� �f�r�o�m� �a�l�l� 

�p�a�r�a� �o�r�i�e�n�t�a�t�i�o�n� �b�y� �i�n�c�l�u�s�i�o�n� �o�f� �e�v�e�n� �a� �s�m�a�l�l� �a�m�o�u�n�t� �o�f� �o�r�t�h�o� �o�r� �m�e�t�a� �i�s�o�m�e�r�s� 

�r�e�d�u�c�e�d� �t�h�e� �i�m�p�a�c�t� �s�t�r�e�n�g�t�h�.� �A�l�s�o�,� �p�a�r�a� �o�r�i�e�n�t�a�t�i�o�n� �w�i�t�h� �l�a�r�g�e� �a�s�y�m�m�e�t�r�i�c� 

�s�u�b�s�t�i�t�u�e�n�t�s� �r�e�s�u�l�t�e�d� �i�n� �a� �d�r�a�m�a�t�i�c� �d�e�c�r�e�a�s�e� �o�n� �t�h�e� �i�m�p�a�c�t� �s�t�r�e�n�g�t�h�.� 

�P�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)� �s�h�o�w�e�d� �a� �h�i�g�h�e�r� �i�m�p�a�c�t� �s�t�r�e�n�g�t�h� �t�h�a�n� �p�o�l�y�(�a�r�y�l�e�n�e� 

�e�t�h�e�r� �s�u�l�f�o�n�e�s�)�,� �t�h�i�s� �b�e�h�a�v�i�o�r� �w�a�s� �r�a�t�i�o�n�a�l�i�z�e�d� �o�n� �t�h�e� �b�a�s�i�s� �o�f� �s�y�m�m�e�t�r�y�.� �T�h�e� 

�b�o�n�d� �a�n�g�l�e�s� �o�f� �C�-�C�O�-�C� �a�n�d� �C�-�O�-�C� �i�n� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)� �a�r�e� �b�o�t�h� �n�e�a�r�l�y� 

�i�d�e�n�t�i�c�a�l� �(�1�2�4�°�)�,� �w�h�e�r�e�a�s�,� �t�h�e� �b�o�n�d� �a�n�g�l�e� �o�f� �C�-�S�O�2�-�C� �i�n� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� 

�s�u�l�f�o�n�e�s�)� �i�s� �1�0�5�°�.� �T�h�e�r�e�f�o�r�e�,� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)� �a�r�e� �m�o�r�e� �s�y�m�m�e�t�r�i�c�a�l� 

�t�h�a�n� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)�.� 

�A�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �a�r�e� �s�o�l�u�b�l�e� �i�n� �c�h�l�o�r�i�n�a�t�e�d� �s�o�l�v�e�n�t�s� �s�u�c�h� 

�a�s� �c�h�l�o�r�o�f�o�r�m�,� �c�y�c�l�i�c� �e�t�h�e�r�s� �s�u�c�h� �a�s� �t�e�t�r�a�h�y�d�r�o�f�u�r�a�n� �(�T�H�F�)�,� �a�n�d� �d�i�p�o�l�a�r� �a�p�r�o�t�i�c� 

�s�o�l�v�e�n�t�s� �s�u�c�h� �a�s� �N�-�d�i�m�e�t�h�y�l�a�c�e�t�a�m�i�d�e� �(�D�M�A�c�)� �T�h�e�y� �a�r�e� �i�n�s�o�l�u�b�l�e� �i�n� �a�l�c�o�h�o�l�s� 

�a�n�d� �d�i�s�p�l�a�y� �g�o�o�d� �s�t�a�b�i�l�i�t�y� �u�n�d�e�r� �m�i�l�d�l�y� �a�c�i�d�i�c� �a�n�d� �b�a�s�i�c� �c�o�n�d�i�t�i�o�n�s� �(�8�2�)�.� 

�4�1



�T�h�e� �T�g� �v�a�l�u�e�s� �f�o�r� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �a�r�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �b�e�t�w�e�e�n� �1�5�0�-� 

�2�8�0�°�C�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �m�o�n�o�m�e�r�s� �w�h�i�c�h� �a�r�e� �u�s�e�d� �f�o�r� 

�p�o�l�y�m�e�r�i�z�a�t�i�o�n�s�.� �T�h�e� �T�g�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �f�r�o�m� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �b�i�s�p�h�e�n�o�l�-� 

�A� �w�i�t�h� �v�a�r�i�o�u�s� �a�c�i�t�v�a�t�e�d� �d�i�h�a�l�i�d�e�s� �a�r�e� �s�h�o�w�n� �i�n� �T�a�b�l�e� �1�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �s�u�l�f�o�n�e� 

�a�n�d� �k�e�t�o�n�e� �a�s� �t�h�e� �e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� �g�r�o�u�p�s�,� �o�t�h�e�r� �f�u�n�c�t�i�o�n�a�l� �g�r�o�u�p�s� �w�h�i�c�h� 

�c�a�n� �a�l�s�o� �a�c�t�i�v�a�t�e� �h�a�l�i�d�e�s� �f�o�r� �s�t�e�p� �g�r�o�w�t�h� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�s� �a�r�e� �a�l�s�o� �s�h�o�w�n� �i�n� �T�a�b�l�e� 

�1�.� �T�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� �g�r�o�u�p� �d�e�t�e�r�m�i�n�e�s� �w�h�i�c�h� �h�a�l�o�g�e�n� �w�i�l�l� 

�b�e� �s�u�i�t�a�b�l�e� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s�.� �I�f� �a� �s�t�r�o�n�g� 

�e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� �g�r�o�u�p� �s�u�c�h� �a�s� �s�u�l�f�o�n�e� �i�s� �u�s�e�d�,� �t�h�e�n� �e�i�t�h�e�r� �c�h�l�o�r�i�n�e� �o�r� 

�f�l�u�o�r�i�n�e� �c�a�n� �b�e� �u�s�e�d� �t�o� �s�y�n�t�h�e�s�i�z�e� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s�,� �b�u�t� �f�l�u�o�r�i�n�e� 

�c�o�n�t�a�i�n�i�n�g� �m�o�n�o�m�e�r� �w�i�l�l� �r�e�a�c�t� �m�u�c�h� �f�a�s�t�e�r� �b�e�c�a�u�s�e� �f�l�u�o�r�i�n�e� �i�s� �a� �b�e�t�t�e�r� �l�e�a�v�i�n�g� 

�g�r�o�u�p�.� �I�f� �a� �w�e�a�k�e�r� �e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� �g�r�o�u�p� �s�u�c�h� �a�s� �k�e�t�o�n�e� �i�s� �u�s�e�d�,� �t�h�e�n� �t�h�e� 

�h�a�l�o�g�e�n� �g�e�n�e�r�a�l�l�y� �m�u�s�t� �b�e� �f�l�u�o�r�i�n�e�,� �a�n� �e�x�c�e�p�t�i�o�n� �i�s� �i�f� �t�h�e� �m�o�n�o�m�e�r� �c�o�n�t�a�i�n�s� �t�w�o� 

�k�e�t�o�n�e� �g�r�o�u�p�s� �s�u�c�h� �a�s� �b�i�s�(�h�a�l�o�b�e�n�z�o�l�y�)�b�e�n�z�e�n�e�,� �t�h�e�n� �e�i�t�h�e�r� �c�h�l�o�r�i�n�e� �o�r� �f�l�u�o�r�i�n�e� 

�c�a�n� �b�e� �u�s�e�d�.� �S�h�o�w�n� �a�r�e� �o�t�h�e�r� �f�u�n�c�t�i�o�n�a�l� �g�r�o�u�p�s� �w�h�i�c�h� �c�a�n� �s�u�f�f�i�c�i�e�n�t�l�y� �a�c�t�i�v�a�t�e� 

�h�a�l�o�g�e�n�s� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �a�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �a�n�d� �w�h�i�c�h� �h�a�l�o�g�e�n� 

�m�u�s�t� �b�e� �u�s�e�d� �t�o� �i�n� �o�r�d�e�r� �t�o� �o�b�t�a�i�n� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s�.� �S�h�o�w�n� �i�n� 

�T�a�b�l�e� �2� �a�r�e� �T�g�s� �o�f� �a�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �f�r�o�m� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �D�C�D�P�S� 

�a�n�d� �v�a�r�i�o�u�s� �a�r�o�m�a�t�i�c� �b�i�s�p�h�e�n�o�l�s�.� �F�l�e�x�i�b�l�e� �l�i�n�k�i�n�g� �g�r�o�u�p�s� �o�n� �t�h�e� �b�i�s�p�h�e�n�o�l� �s�u�c�h� 

�a�s� �m�e�t�h�y�l�e�n�e� �a�n�d� �s�u�l�f�u�r� �r�e�s�u�l�t�s� �i�n� �a� �l�o�w�e�r� �T�g�,� �w�h�e�r�e�a�s�,� �m�o�r�e� �r�i�g�i�d� �l�i�n�k�i�n�g� �g�r�o�u�p�s� 

�s�u�c�h� �a�s� �a� �c�y�c�l�o�a�l�i�p�h�a�t�i�c� �g�r�o�u�p� �r�e�s�u�l�t�s� �i�n� �a� �h�i�g�h�e�r� �T�g�.� �G�e�n�e�r�a�l�l�y�,� �s�u�b�s�t�i�t�u�e�n�t�s� 

�w�h�i�c�h� �w�i�l�l� �r�e�s�u�l�t� �i�n� �a� �s�t�i�f�f�e�r� �p�o�l�y�m�e�r� �c�h�a�i�n� �w�i�l�l� �i�n�c�r�e�a�s�e� �t�h�e� �T�g�.� �A�l�s�o�,� �t�h�e� �p�o�l�a�r�i�t�y� 

�o�f� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �w�i�l�l� �i�n�f�l�u�e�n�c�e� �t�h�e� �T�g� �b�e�c�a�u�s�e� �o�f� �p�o�l�a�r� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� 

�p�o�l�y�m�e�r� �c�h�a�i�n�s�.� �I�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �p�o�l�a�r� �g�r�o�u�p�s� �s�u�c�h� �a�s� �a� �s�u�l�f�o�n�e� �w�i�l�l� �i�n�c�r�e�a�s�e� �t�h�e� 

�T�g�.� 
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�T�a�b�l�e� �1� �T�g�s� �o�f� �a�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �f�r�o�m� �b�i�s�p�h�e�n�o�l�-�A� �a�n�d� �v�a�r�i�o�u�s� 
�a�c�t�i�v�a�t�e�d� �d�i�h�a�l�i�d�e� �m�o�n�o�m�e�r�s� �(�1�,�7�4�)� 
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� � 

�X� �T�g�(�°�C�)� �H�a�l�o�g�e�n� 

�O� 
�f�e� �1�5�5�°�C� �F� 

�1� �1� �-�c�{�"� �)�-�c�-� �1�6�5�°�C� �F�,� �C�l� 

�O� 
�a� �1�6�5�°�C� �F� 

�O� 
�t�o� �1�9�5�°�C� �F�,�C�l� 

�I� 
�O� 

�O� 
�X�X� �-� �1�8�0�°�C� �F� 

�N ��N� 

�_�N�=�N �� �1�7�5�°�C� �F� 

�O� 
�_�f�_� �2�0�5�°�C� �F� 
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�T�a�b�l�e� �2� �T�h�e� �T�g�s� �o�f� �a�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �w�i�t�h� �D�C�D�P�S� �a�n�d� �v�a�r�i�o�u�s� 
�a�r�o�m�a�t�i�c� �b�i�s�p�h�e�n�o�l�s� 

�O�0�4� 
� � 

�T�g� �(�°�C� 

 ��C�H�, �� �1�8�0�°�C� 

�o�H� 
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�C�H�,� 

�C�o�l�s� 
 ��G �� �2�3�0�°�C� 

�C�e�H�s� 

�F�F�s� 
 ��e �� �2�0�5�°�C� 

�C�F�,� 

�x� �w�o� 
 ��S �� �1�7�5�°�C� 

 ��O �� �1�8�0�°�C� 

�O� 

�t�L� �2�0�5�°�C� 

�i� 
 ��$ �� �2�4�5�°�C� 
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�S�i�n�c�e� �s�u�l�f�o�n�e� �i�s� �a� �m�o�r�e� �p�o�l�a�r� �g�r�o�u�p� �t�h�a�n� �k�e�t�o�n�e�,� �p�o�l�y�m�e�r�s� �w�i�t�h� �a� �s�u�l�f�o�n�e� �g�r�o�u�p� 

�o�n� �t�h�e� �r�e�p�e�a�t� �u�n�i�t� �w�i�l�l� �h�a�v�e� �a� �s�t�r�o�n�g�e�r� �d�i�p�o�l�a�r� �i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �p�o�l�y�m�e�r� 

�c�h�a�i�n�s� �a�n�d� �t�h�i�s� �r�e�s�u�l�t�s� �i�n� �a� �h�i�g�h�e�r� �T�g� �f�o�r� �t�h�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �t�h�a�n� 

�p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)�.� �T�h�e�s�e� �t�r�e�n�d�s� �a�r�e� �c�l�e�a�r�l�y� �o�b�s�e�r�v�e�d� �i�n� �T�a�b�l�e� �2�.� 

�2�.�8� �S�y�n�t�h�e�s�i�s� �o�f� �S�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �P�o�l�y�(�A�r�y�l�e�n�e� �e�t�h�e�r�s�)� 

�F�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)�,� �d�u�e� �t�o� �i�t�s� 

�s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �n�a�t�u�r�e�,� �t�h�e� �o�l�i�g�o�m�e�r�s� �p�r�e�c�i�p�i�t�a�t�e� �f�r�o�m� �s�o�l�u�t�i�o�n� �i�f� �t�h�e� �r�e�a�c�t�i�o�n� 

�t�e�m�p�e�r�a�t�u�r�e� �i�s� �w�e�l�l� �b�e�l�o�w� �t�h�e� �T�m� �o�f� �t�h�e� �r�e�s�u�l�t�i�n�g� �p�o�l�y�m�e�r�.� �A�l�t�e�r�n�a�t�i�v�e� �m�e�t�h�o�d�s� 

�f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �a�t� �l�o�w�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� 

�i�n�v�o�l�v�e� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� �p�r�o�t�e�c�t�e�d� �m�o�n�o�m�e�r�s� �w�h�i�c�h� �w�i�l�l� �r�e�s�u�l�t� �i�n� �t�h�e� 

�o�b�t�a�i�n�e�m�e�n�t� �o�f� �a�m�o�r�p�h�o�u�s� �p�o�l�y�m�e�r� �p�r�e�c�u�r�s�o�r�s�.� �T�h�e� �a�m�o�r�p�h�o�u�s� �p�o�l�y�m�e�r� �i�s� �t�h�e�n� 

�d�e�p�r�o�t�e�c�t�e�d� �t�o� �y�i�e�l�d� �a� �s�e�m�i� �c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�m�e�r�.� �A�l�t�h�o�u�g�h� �m�a�n�y� �v�a�r�i�o�u�s� �m�e�t�h�o�d�s� 

�h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �(�8�3�-�8�5�)�,� �o�n�e� �m�e�t�h�o�d� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� 

�P�E�E�K� �f�r�o�m� �a�m�o�r�p�h�o�u�s� �p�o�l�y�m�e�r� �p�r�e�c�u�r�s�o�r� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �t�o� �d�e�m�o�n�s�t�r�a�t�e� �t�h�e� 

�g�e�n�e�r�a�l� �s�y�n�t�h�e�t�i�c� �r�a�t�i�o�n�a�l�e� �(�8�6�)�.� �T�h�e� �s�c�h�e�m�e� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �a� �a�m�o�r�p�h�o�u�s� 

�p�o�l�y�m�e�r� �p�r�e�c�u�r�s�o�r� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �e�t�h�e�r� �k�e�t�i�m�i�n�e�s�)� �i�s� �s�h�o�w�n� �S�c�h�e�m�e� �1�1�.� �T�h�e� 

�p�r�o�t�e�c�t�e�d� �a�c�t�i�v�a�t�e�d� �d�i�h�a�l�i�d�e� �m�o�n�o�m�e�r� �i�s� �s�y�n�t�h�e�s�i�z�e�d� �f�r�o�m� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �a�n�i�l�i�n�e� 

�a�n�d� �d�i�f�l�u�o�r�o�b�e�n�z�o�p�h�e�n�o�n�e�.� �T�h�e� �k�e�t�i�m�i�n�e� �g�r�o�u�p�,� �i�n� �a� �a�n�a�l�o�g�o�u�s� �m�a�n�n�e�r� �t�o� �o�t�h�e�r� 

�e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� �g�r�o�u�p�s� �s�t�a�b�i�l�i�z�e� �t�h�e� �i�n�t�e�r�m�e�d�i�a�t�e� �b�y� �d�e�l�o�c�a�l�i�z�i�n�g� �t�h�e� 

�n�e�g�a�t�i�v�e� �c�h�a�r�g�e� �o�n� �t�h�e� �n�i�t�r�o�g�e�n� �a�t�o�m�.� �W�i�t�h� �t�h�i�s� �a�p�p�r�o�a�c�h�,� �t�h�e� �s�a�m�e� �r�e�a�c�t�i�o�n� 

�c�o�n�d�i�t�i�o�n�s� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �a�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �b�y� �t�h�e� 

�D�M�A�c�/�K�2�C�O�3� �r�o�u�t�e� �c�a�n� �b�e� �u�s�e�d�.� �T�h�e� �m�o�d�i�f�i�e�d� �m�o�n�o�m�e�r� �p�r�e�v�e�n�t�s� �t�h�e� �p�o�l�y�m�e�r� 

�f�r�o�m� �c�r�y�s�t�a�l�l�i�z�i�n�g� �d�u�r�i�n�g� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�.� 
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�a� �O�L� 
�D�M�A�c�/� �T�o�l�u�e�n�e� 
�K�2�C�0�3� 
�1�4�5�-�1�5�5�°�C� 
�8�-�1�2� �h�r�s�.� 

�t�<�{� �<�4�,� 
�S�c�h�e�m�e� �1�1� �S�y�n�t�h�e�s�i�s� �o�f� �a�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �e�t�h�e�r� �k�e�t�i�m�i�n�e�s�)� �(�8�3�)� 

�T�h�e� �r�e�s�u�l�t�i�n�g� �a�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �e�t�h�e�r� �k�e�t�i�m�i�n�e�s�)� �c�a�n� �b�e� �s�y�n�t�h�e�s�i�z�e�d� 

�a�n�d� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �c�o�n�v�e�n�t�i�o�n�a�l� �m�e�a�n�s� �s�u�c�h� �a�s� �s�o�l�u�t�i�o�n� �N�M�R� �a�n�d� �i�n�t�r�i�n�s�i�c� 

�v�i�s�c�o�s�i�t�y� �i�n� �c�o�m�m�o�n� �o�r�g�a�n�i�c� �s�o�l�v�e�n�t�s� �s�u�c�h� �a�s� �c�h�l�o�r�o�f�o�r�m�.� �S�e�m�i�c�r�y�s�t�a�l�l�i�n�e� 

�p�o�l�y�m�e�r� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �b�y� �c�o�n�v�e�r�t�i�n�g� �t�h�e� �k�e�t�i�m�i�n�e�s� �t�o� �k�e�t�o�n�e�s� �b�y� �h�y�d�r�o�l�y�s�i�s� 

�w�i�t�h� �H�C�l� �i�n� �N�M�P�.� �T�h�e� �c�o�n�v�e�r�s�i�o�n� �o�f� �t�h�e� �k�e�t�i�m�i�n�e�s� �t�o� �k�e�t�o�n�e�s� �h�a�v�e� �b�e�e�n� 

�d�e�m�o�n�s�t�r�a�t�e�d� �t�o� �b�e� �a� �r�a�p�i�d� �a�n�d� �a� �q�u�a�n�t�i�t�a�t�i�v�e� �p�r�o�c�e�s�s�.� �T�h�e� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� 

�p�o�l�y�m�e�r� �t�h�a�t� �i�s� �o�b�t�a�i�n�e�d� �i�s� �i�n� �t�h�e� �f�o�r�m� �o�f� �a� �f�i�n�e� �p�o�w�d�e�r�,� �a�n�d� �t�h�e� �p�a�r�t�i�c�l�e� �s�i�z�e� �c�a�n� 

�b�e� �c�o�n�t�r�o�l�l�e�d� �b�y� �t�h�e� �r�a�t�e� �o�f� �h�y�d�r�o�l�y�s�i�s� �a�s� �w�e�l�l� �a�s� �b�y� �t�h�e� �a�g�i�t�a�t�i�o�n� �r�a�t�e� �d�u�r�i�n�g� 
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�h�y�d�r�o�l�y�s�i�s�.� �P�o�l�y�m�e�r�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�i�s� �m�e�t�h�o�d� �h�a�s� �b�e�e�n� �a�p�p�l�i�e�d� �t�o� �p�o�w�d�e�r� 

�p�r�e�p�r�e�g�g�i�n�g� �o�f� �c�o�m�p�o�s�i�t�e�s� �(�8�7�)�.� 

�W�h�e�n� �F�a�r�n�h�a�m� �a�n�d� �J�o�h�n�s�o�n� �a�t�t�e�m�p�t�e�d� �t�o� �s�y�n�i�h�s�i�z�e� �P�E�K� �a�n�d� �P�E�E�K� �u�s�i�n�g� 

�s�u�l�f�o�l�a�n�e� �a�s� �t�h�e� �s�o�l�v�e�n�t�,� �t�h�e�y� �f�a�i�l�e�d� �t�o� �o�b�t�a�i�n� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s� �d�u�e� 

�t�o� �p�r�e�m�a�t�u�r�e� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �p�o�l�y�m�e�r� �d�u�r�i�n�g� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�.� �A� �m�a�j�o�r� 

�i�n�n�o�v�a�t�i�o�n� �o�n� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �e�t�h�e�r� �k�e�t�o�n�e�s�)� 

�b�y� �t�h�e� �a�r�o�m�a�t�i�c� �n�u�c�l�e�o�p�h�i�l�i�c� �s�u�b�s�i�t�u�t�i�o�n� �w�a�s� �r�e�p�o�r�t�e�d� �b�y� �I�C�I� �i�n� �1�9�7�5� �b�y� �i�n� �w�h�i�c�h� 

�t�h�e�y� �u�s�e�d� �d�i�p�h�e�n�y�l� �s�u�l�p�h�o�n�e� �a�s� �t�h�e� �t�h�e� �h�i�g�h� �b�o�i�l�i�n�g� �s�o�l�v�e�n�t� �(�8�8�)�.� �U�s�i�n�g� �d�i�p�h�e�n�y�l� 

�s�u�l�f�o�n�e� �a�s� �t�h�e� �s�o�l�v�e�n�t�,� �t�h�e�y� �w�e�r�e� �a�b�l�e� �t�o� �c�o�n�d�u�c�t� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�s� �a�t� 

�t�e�m�p�e�r�a�t�u�r�e�s� �n�e�a�r� �t�h�e� �T�m� �o�f� �t�h�e� �r�e�s�u�l�t�i�n�g� �p�o�l�y�m�e�r� �a�n�d� �k�e�e�p� �t�h�e� �p�o�l�y�m�e�r� �c�h�a�i�n�s� 

�i�n� �s�o�l�u�t�i�o�n� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r�s�.� �T�h�i�s� �d�i�s�c�o�v�e�r�y�,� 

�a�l�o�n�g� �w�i�t�h� �u�s�i�n�g� �a� �s�l�i�g�h�t� �e�x�c�e�s�s� �o�f� �p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e� �a�l�l�o�w�e�d� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� 

�P�E�E�K� �f�o�r� �t�h�e� �f�i�r�s�t� �t�i�m�e� �b�y� �t�h�e� �a�r�o�m�a�t�i�c� �n�u�c�l�e�o�p�h�i�l�i�c� �s�u�b�s�t�i�t�u�t�i�o�n�.� �T�h�i�s� �i�s� �s�h�o�w�n� 

�S�c�h�e�m�e� �1�2�.� �D�i�p�h�e�n�y�l�s�u�l�f�o�n�e� �i�s� �a� �s�o�l�i�d� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �t�h�e� �p�o�l�y�m�e�r� �i�s� 

�u�s�u�a�l�l�y� �i�s�o�l�a�t�e�d� �b�y� �c�o�a�g�u�l�a�t�i�n�g� �t�h�e� �h�o�t� �p�o�l�y�m�e�r�i�c� �s�o�l�u�t�i�o�n� �i�n�t�o� �a� �n�o�n� �s�o�l�v�e�n�t� �s�u�c�h� 

�a�s� �m�e�t�h�a�n�o�l�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �p�o�l�y�m�e�r� �i�s� �g�r�o�u�n�d� �i�n�t�o� �a� �f�i�n�e� �p�o�w�d�e�r� �a�n�d� �e�x�t�r�a�c�t�e�d� 

�w�i�t�h� �m�e�t�h�a�n�o�l� �t�o� �r�e�m�o�v�e� �t�h�e� �r�e�m�a�i�n�i�n�g� �D�P�S� �a�n�d� �t�h�e�n� �b�o�i�l�e�d� �i�n� �w�a�t�e�r� �t�o� �r�e�m�o�v�e� 

�t�h�e� �e�x�c�e�s�s� �p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e� �a�n�d� �t�h�e� �i�n�o�r�g�a�n�i�c� �h�a�l�i�d�e�.� �T�h�e� �r�e�l�a�t�i�v�e� �d�i�f�f�i�c�u�l�t�y� 

�t�h�a�t� �i�s� �e�n�c�o�u�n�t�e�r�e�d� �w�i�t�h� �t�h�e� �i�s�o�l�a�t�i�o�n� �o�f� �t�h�e� �p�o�l�y�m�e�r� �a�s� �w�e�l�l� �a�s� �c�o�m�p�l�i�c�a�t�i�o�n�s� 

�s�u�c�h� �a�s� �p�o�s�s�i�b�l�e� �s�i�d�e� �r�e�a�c�t�i�o�n�s� �(�8�9�)� �a�n�d� �s�t�a�b�i�l�i�t�y� �o�f� �m�o�n�o�m�e�r�s� �d�u�e� �t�o� �t�h�e� �h�i�g�h� 

�r�e�a�c�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e�s� �i�s� �a� �d�i�s�a�d�v�a�n�t�a�g�e� �w�i�t�h� �t�h�i�s� �m�e�t�h�o�d�.� 

�R�e�c�e�n�t�l�y�,� �a� �n�o�v�e�l� �m�e�t�h�o�d� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�)� 

�(�P�E�K�)� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �w�h�i�c�h� �i�n�v�o�l�v�e� �r�e�a�c�t�i�o�n� �o�f� �4�,�4�'�-�d�i�c�h�l�o�r�o�b�e�n�z�o�p�h�e�n�o�n�e� 

�w�i�t�h� �s�o�d�i�u�m� �c�a�r�b�o�n�a�t�e� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �s�i�l�i�c�a� �a�n�d� �c�a�t�a�l�y�t�i�c� �a�m�o�u�n�t� �o�f� �c�u�p�r�o�u�s� 

�o�r� �c�u�p�r�i�c� �s�a�l�t�s� �u�s�i�n�g� �d�i�p�h�e�n�y�l�s�u�l�f�o�n�e� �a�s� �t�h�e� �s�o�l�v�e�n�t� �(�9�0�,�9�1�)�.� 
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�H�O� �O�H� �+� �F� �C�c� �F� 

�D�i�p�h�e�n�y�l� �S�u�l�f�o�n�e� 
�K�,�C�O�3� 
�3�3�5�°�C� 

�t�e�)�:� 
�S�c�h�e�m�e� �1�2� �S�y�n�t�h�e�s�i�s� �o�f� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �e�t�h�e�r� �k�e�t�o�n�e�s�)� �f�r�o�m� 
�t�h�e� �r�e�a�c�t�i�o�n� �o�f� �4�,�4�'�-�d�i�f�l�u�o�r�o�b�e�n�z�o�p�h�e�n�o�n�e� �a�n�d� �h�y�d�r�o�q�u�i�n�o�n�e� �w�i�t�h� �d�i�p�h�e�n�y�l�s�u�l�f�o�n�e� 
�a�s� �t�h�e� �s�o�l�v�e�n�t� �(�8�8�)� 

� � 

�T�h�e� �u�n�i�q�u�e� �a�d�v�a�n�t�a�g�e� �w�i�t�h� �t�h�i�s� �a�p�p�r�o�a�c�h� �i�s� �t�h�e� �a�b�i�l�i�t�y� �t�o� �o�b�t�a�i�n� �p�o�l�y�m�e�r�s� �f�r�o�m� 

�t�h�e� �r�e�a�c�t�i�o�n� �o�f� �a� �l�e�s�s� �r�e�a�c�t�i�v�e� �a�n�d� �l�e�s�s� �e�x�p�e�n�s�i�v�e� �d�i�h�a�l�i�d�e� �m�o�n�o�m�e�r� 

�(�4�,�4�'�-�d�i�c�h�l�o�r�o�b�e�n�z�o�p�h�e�n�o�n�e�)�.� 

�E�l�e�c�t�r�o�p�h�i�l�i�c� �s�u�b�s�t�i�t�u�t�i�o�n� �r�o�u�t�e� �h�a�s� �b�e�e�n� �u�t�i�l�i�z�e�d� �m�o�r�e� �e�x�t�e�n�s�i�v�e�l�y� �i�n� �t�h�e� 

�s�y�n�t�h�e�s�i�s� �o�f� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)� �t�h�a�n� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� 

�a�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)�.� �T�h�i�s� �p�r�o�c�e�s�s� �h�a�s� �b�e�e�n� �c�o�m�m�o�n�l�y� 

�r�e�f�e�r�r�e�d� �t�o� �a�s� �p�o�l�y�a�c�y�l�a�t�i�o�n� �o�r� �p�o�l�y�a�r�o�y�l�a�t�i�o�n�.� �E�a�r�l�y� �a�t�t�e�m�p�t�s� �t�o� �s�y�n�t�h�e�s�i�z�e� �h�i�g�h� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)� �w�e�r�e� �u�n�s�u�c�c�e�s�s�f�u�l� 

�d�u�e� �t�o� �t�h�e� �p�r�e�m�a�t�u�r�e� �p�r�e�c�i�p�i�t�a�t�i�o�n� �o�f� �t�h�e� �o�l�i�g�o�m�e�r�i�c� �s�p�e�c�i�e�s� �f�r�o�m� �s�o�l�u�t�i�o�n�.� �T�h�e� 

�f�i�r�s�t� �r�e�p�o�r�t�e�d� �a�t�t�e�m�p�t� �w�a�s� �b�y� �B�o�n�n�e�r� �(�9�2�)� �w�h�o� �r�e�a�c�t�e�d� �i�s�o�t�h�a�l�o�y�l� �o�r� �t�e�r�e�t�h�a�l�o�y�l� 

�c�h�l�o�r�i�d�e� �w�i�t�h� �d�i�p�h�e�n�y�!� �e�t�h�e�r� �u�s�i�n�g� �n�i�t�r�o�b�e�n�z�e�n�e� �a�s� �t�h�e� �s�o�l�v�e�n�t� �a�n�d� �A�I�C�l�3� �a�s� �t�h�e� 
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�c�a�t�a�l�y�s�t�.� �O�n�l�y� �a� �l�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �p�o�l�y�m�e�r� �w�a�s� �o�b�t�a�i�n�e�d� �w�h�i�c�h� �w�a�s� �e�v�i�d�e�n�t� 

�b�y� �a� �l�o�w� �i�n�t�r�i�n�s�i�c� �v�i�s�c�o�s�i�t�y� �(�I�V�~�0�.�2�)�.� �S�i�m�i�l�a�r� �r�e�s�u�l�t�s� �w�e�r�e� �o�b�t�a�i�n�e�d� �b�y� �G�o�o�d�m�a�n� �e�t� 

�a�l�.�(�9�3�)� �w�h�o� �p�o�l�y�m�e�r�i�z�e�d� �p�-�p�h�e�n�o�x�y�b�e�n�z�o�y�l� �c�h�l�o�r�i�d�e� �u�s�i�n�g� �a� �s�l�i�g�h�t�l�y� �l�o�w�e�r� 

�t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �m�e�t�h�l�y�l�e�n�e� �c�h�l�o�r�i�d�e� �a�s� �t�h�e� �s�o�l�v�e�n�t�.� 
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�I�w�a�k�u�r�a� �e�t� �a�l�.� �(�9�4�)� �a�t�t�e�m�p�t�e�d� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� �p�-�p�h�e�n�o�x�y�b�e�n�z�o�i�c� �a�c�i�d� �u�s�i�n�g� 

�p�o�l�y�p�h�o�s�p�h�o�r�i�c� �a�c�i�d� �a�s� �t�h�e� �s�o�l�v�e�n�t� �a�n�d� �o�b�t�a�i�n�e�d� �a� �m�o�d�e�r�a�t�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� 

�p�o�l�y�m�e�r� �b�y� �p�r�o�t�i�n�a�t�i�n�g� �t�h�e� �c�a�r�b�o�n�y�l�s� �t�o� �k�e�e�p� �t�h�e� �g�r�o�w�i�n�g� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �i�n� 

�s�o�l�u�t�i�o�n�.� �W�i�t�h� �t�h�i�s� �m�e�t�h�o�d�,� �i�t� �w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�h�e� �r�e�s�u�l�t�i�n�g� 

�p�o�l�y�e�t�h�e�r�k�e�t�o�n�e� �h�a�d� �a�l�l� �p�a�r�a� �l�i�n�k�a�g�e�s�.� �H�o�w�e�v�e�r�,� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� �a�r�o�m�a�t�i�c� 

�d�i�c�a�r�b�o�x�y�l�i�c� �a�c�i�d�s� �s�u�c�h� �a�s� �i�s�o�p�h�t�h�a�l�i�c� �a�c�i�d� �a�n�d� �p�h�t�h�a�l�i�c� �a�c�i�d� �a�s� �w�e�l�l� �a�s� �a�l�i�p�h�t�h�a�t�i�c� 

�d�i�c�a�r�b�o�x�y�l�i�c� �a�c�i�d�s� �w�i�t�h� �d�i�p�h�e�n�y�l� �e�t�h�e�r� �u�s�i�n�g� �p�o�l�y�p�h�o�s�p�h�o�r�i�c� �d�i�d� �n�o�t� �r�e�s�u�l�t� �i�n� 

�f�o�r�m�a�t�i�o�n� �o�f� �p�o�l�y�m�e�r�s�.� �A� �m�a�j�o�r� �b�r�e�a�k�t�h�r�o�u�g�h� �w�a�s� �r�e�p�o�r�t�e�d� �b�y� �M�a�r�k�s� �(�9�5�)� �w�h�o� 

�u�s�e�d� �l�i�q�u�i�d� �h�y�d�r�o�g�e�n� �f�l�u�o�r�i�d�e� �a�s� �t�h�e� �s�o�l�v�e�n�t� �a�n�d� �b�o�r�o�n� �t�r�i�f�l�u�o�r�i�d�e� �a�s� �t�h�e� �c�a�t�a�l�y�s�t�,� 

�w�i�t�h� �t�h�i�s� �s�y�s�t�e�m�,� �a� �v�a�r�i�e�t�y� �o�f� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� 

�e�t�h�e�r� �k�e�t�o�n�e�s�)� �w�e�r�e� �s�y�n�t�h�e�s�i�z�e�d�.� �A� �f�u�r�t�h�e�r� �a�d�v�a�n�c�e�m�e�n�t� �w�a�s� �m�a�d�e� �b�y� �D�a�h�l� �(�9�6�)� 

�w�h�o� �s�t�r�e�s�s�e�d� �t�h�e� �i�m�p�o�r�t�a�n�c�e� �o�f� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �c�o�n�t�r�o�l� �f�o�r� �t�h�e� �h�y�d�r�o�g�e�n� 

�f�l�u�o�r�i�d�e� �a�n�d� �b�o�r�o�n� �t�r�i�f�l�u�o�r�i�d�e� �s�y�s�t�e�m�.� �T�h�e� �u�s�e� �o�f� �e�n�c�a�p�p�i�n�g� �a�g�e�n�t�s� �s�u�c�h� �a�s� 

�b�i�p�h�e�n�y�l�,� �p�-�p�h�e�n�o�x�y� �b�e�n�z�o�p�h�e�n�o�n�e� �a�n�d� �b�e�n�z�o�y�l� �c�h�l�o�r�i�d�e� �r�e�s�u�l�t�e�d� �i�n� �i�m�p�r�o�v�e�d� 

�m�e�l�t� �s�t�a�b�i�l�i�t�y� �o�f� �t�h�e� �p�o�l�y�m�e�r�s�.� �A�l�s�o�,� �i�n�h�e�r�e�n�t� �v�i�s�c�o�s�i�t�i�e�s� �i�n� �t�h�e� �r�a�n�g�e� �o�f� �0�.�8�-�1�.�6�5� 

�w�e�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �a� �p�r�o�p�e�r� �b�a�l�a�n�c�e� �b�e�t�w�e�e�n� �p�r�o�c�e�s�s�a�b�i�l�i�t�y� �a�n�d� �u�s�e�f�u�l� �m�e�c�h�a�n�i�c�a�l� 

�p�r�o�p�e�r�t�i�e�s�.� 
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�A�n�o�t�h�e�r� �r�o�u�t�e� �w�h�i�c�h� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �g�i�v�e� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� 

�s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)� �w�a�s� �r�e�p�o�r�t�e�d� �b�y� �C�o�l�q�u�h�o�u�n� �e�t� �a�l�.�(�9�7�)� 

�w�h�o� �u�s�e�d� �t�r�i�f�l�u�o�r�o�m�e�t�h�a�n�e�s�u�l�f�o�n�i�c� �a�c�i�d� �a�s� �b�o�t�h� �t�h�e� �c�a�t�a�l�y�s�t� �a�n�d� �t�h�e� �s�o�l�v�e�n�t� �f�o�r� 

�p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� �s�e�l�e�c�t� �m�o�n�o�m�e�r�s� �w�h�i�c�h� �c�o�n�t�a�i�n�e�d� �p�h�e�n�o�x�y� �a�n�d� �c�a�r�b�o�x�y�l�i�c� 

�g�r�o�u�p�s�.� �U�s�i�n�g� �t�h�i�s� �a�p�p�r�o�a�c�h�,� �h�i�g�h� �m�o�l�e�c�u�a�r� �w�e�i�g�h�t� �P�E�E�K� �w�a�s� �s�y�n�t�h�e�s�i�z�e�d� �b�y� 

�d�i�s�s�o�l�v�i�n�g� �4�-�(�4�'�-�p�h�e�n�o�x�y�)�p�h�e�n�o�x�y�b�e�n�z�o�i�c� �a�c�i�d� �i�n� �t�r�i�f�l�u�o�r�o�m�e�t�h�a�n�e�s�u�l�f�o�n�i�c� �a�c�i�d� �a�t� 

�r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �i�n� �4�8� �h�o�u�r�s�.� �H�o�w�e�v�e�r�,� �t�h�e�r�e� �a�r�e� �l�i�m�i�t�a�t�i�o�n�s� �o�n� �t�h�e� �c�h�o�i�c�e� �o�f� 

�m�o�n�o�m�e�r�(�s�)� �w�h�i�c�h� �c�a�n� �b�e� �p�o�l�y�m�e�r�i�z�e�d� �w�i�t�h� �t�h�i�s� �a�p�p�r�o�a�c�h�.� �F�o�r� �A�B� �t�y�p�e� 

�m�o�n�o�m�e�r�s�,� �t�h�e� �p�h�e�n�o�x�y� �e�n�d� �m�u�s�t� �b�e� �a�t� �l�e�a�s�t� �t�w�o� �p�h�e�n�y�l�e�n�e� �g�r�o�u�p�s� �r�e�m�o�v�e�d� 

�f�r�o�m� �t�h�e� �b�e�n�z�o�i�c� �a�c�i�d� �e�n�d�.� �F�o�r� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� �A�A� �B�B� �t�y�p�e� �m�o�n�o�m�e�r�s�,� �t�h�e� 

�d�i�c�a�r�b�o�x�y�l�i�c� �a�c�i�d� �g�r�o�u�p�s� �c�a�n�n�o�t� �b�e� �o�n� �t�h�e� �s�a�m�e� �b�e�n�z�e�n�e� �r�i�n�g� �a�n�d� �t�h�e� �r�e�a�c�t�i�v�e� 

�a�r�o�m�a�t�i�c� �g�r�o�u�p� �h�a�v�e� �t�o� �b�e� �a�t� �l�e�a�s�t� �t�h�r�e�e� �b�e�n�z�e�n�e� �r�i�n�g�s� �a�n�d� �c�a�n�n�o�t� �c�o�n�t�a�i�n� 

�e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� �g�r�o�u�p�s� �s�u�c�h� �a�s� �c�a�r�b�o�n�y�l� �g�r�o�u�p�s�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �e�l�e�c�t�r�o�n� 

�w�i�t�h�d�r�a�w�i�n�g� �g�r�o�u�p�s� �w�i�l�l� �d�e�a�c�t�i�v�a�t�e� �t�h�e� �p�h�e�n�y�l� �g�r�o�u�p�s� �t�o� �e�l�e�c�t�r�o�p�h�i�l�i�c� �a�t�t�a�c�k�.� 

�S�o� �f�a�r�,� �t�h�e� �s�y�s�t�e�m�(�s�)� �w�h�i�c�h� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �g�i�v�e� �h�i�g�h� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)� �h�a�v�e� �u�t�i�l�i�z�e�d� �v�e�r�y� �a�c�i�d�i�c� 

�s�o�l�v�e�n�t�s� �t�o� �k�e�e�p� �t�h�e� �g�r�o�w�i�n�g� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �i�n� �s�o�l�u�t�i�o�n� �d�u�r�i�n�g� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �b�y� 

�p�r�o�t�i�n�a�t�i�n�g� �t�h�e� �c�a�r�b�o�n�y�l� �g�r�o�u�p�s� �.� �D�u�e� �t�o� �t�h�e� �c�o�r�r�o�s�i�v�e� �n�a�t�u�r�e� �o�f� �t�h�e� �t�h�e�s�e� 

�s�o�l�v�e�n�t�s�,� �a�l�t�e�r�n�a�t�i�v�e� �m�e�t�h�o�d�s� �a�r�e� �c�u�r�r�e�n�t�l�y� �b�e�i�n�g� �i�n�v�e�s�t�i�g�a�t�e�d�.� �A�l�u�m�i�n�u�m� 

�c�h�l�o�r�i�d�e� �r�o�u�t�e� �h�a�s� �r�e�c�e�i�v�e�d� �a� �r�e�n�e�w�e�d� �i�n�t�e�r�e�s�t� �r�e�c�e�n�t�l�y� �a�n�d� �J�a�n�s�o�n�s� �e�t� �a�l�.�(�9�8�)� 

�h�a�v�e� �r�e�p�o�r�t�e�d� �a�l�u�m�i�n�u�m� �c�h�l�o�r�i�d�e� �i�n� �m�e�t�h�y�l�e�n�e� �c�h�o�r�i�d�e� �a�n�d� �d�i�c�h�l�o�r�o�e�t�h�a�n�e� �i�n� �t�h�e� 

�p�r�e�s�e�n�c�e� �o�f� �a� �L�e�w�i�s� �b�a�s�e� �t�o� �b�e� �e�f�f�e�c�t�i�v�e� �i�n� �g�i�v�i�n�g� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� 

�p�o�l�y�m�e�r�s�.� �T�h�e� �c�o�m�p�l�e�x� �o�f� �a�l�u�m�i�n�u�m� �c�h�l�o�r�i�d�e� �w�i�t�h� �L�e�w�i�s� �b�a�s�e�s� �s�u�c�h� �a�s� 

�d�i�m�e�t�h�y�l�f�o�r�m�a�m�i�d�e�,� �t�e�t�r�a�m�e�t�h�y�l�e�n�e� �s�u�l�f�o�n�e�,� �d�i�m�e�t�h�y�l� �s�u�l�f�o�n�e�,� �l�i�t�h�i�u�m� �c�h�l�o�r�i�d�e� 

�a�n�d� �s�o�d�i�u�m� �c�h�l�o�r�i�d�e� �i�s� �s�o�l�u�b�l�e� �i�n� �d�i�c�h�l�o�r�o�m�e�t�h�a�n�e� �a�n�d� �t�h�e� �r�e�s�u�l�t�i�n�g� �c�o�m�p�l�e�x�e�d� 
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�s�o�l�u�t�i�o�n� �f�u�n�c�t�i�o�n� �a�s� �a� �s�o�l�v�e�n�t� �o�r� �a�s� �a� �s�w�e�l�l�i�n�g� �m�e�d�i�u�m� �f�o�r� �t�h�e� �g�r�o�w�i�n�g� �p�o�l�y�m�e�r� 

�c�h�a�i�n�s�.� �U�s�i�n�g� �t�h�i�s� �m�e�t�h�o�d�,� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� 

�e�t�h�e�r� �k�e�t�o�n�e�s�)� �h�a�v�e� �b�e�e�n� �s�y�n�t�h�e�s�i�z�e�d�.� 

�R�e�c�e�n�t� �d�e�v�e�l�o�p�m�e�n�t� �i�n� �t�h�e� �a�r�e�a� �o�f� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� 

�k�e�t�o�n�e�s�)� �h�a�v�e� �b�e�e�n� �t�o� �f�i�n�d� �a�l�t�e�r�n�a�t�i�v�e� �w�a�y�s� �t�o� �m�o�d�i�f�y� �P�E�E�K� �w�h�i�c�h� �w�i�l�l� �r�e�s�u�l�t� �i�n� �a� 

�h�i�g�h�e�r� �T�g�.� �T�h�e� �i�n�c�r�e�a�s�e� �i�n� �T�g� �c�a�n� �b�e� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �i�n�c�o�r�p�o�r�a�t�i�n�g� 

�b�i�p�h�e�n�y�l�e�n�e� �m�o�i�t�i�e�s� �i�n� �t�h�e� �p�o�l�y�m�e�r� �r�e�p�e�a�t� �u�n�i�t�,� �b�u�t� �t�h�a�t� �w�i�l�l� �a�l�s�o� �c�a�u�s�e� �a�n� 

�i�n�c�r�e�a�s�e� �i�n� �T�m� �w�h�i�c�h� �c�a�u�s�e�s� �d�i�f�f�i�c�u�l�t�y� �i�n� �p�r�o�c�e�s�s�i�n�g�.� �R�e�c�e�n�t�l�y�,� �r�e�p�o�r�t�e�d� �w�a�s� �t�h�e� 

�s�y�n�t�h�e�s�i�s� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �v�e�r�y� �s�h�o�r�t� �o�l�i�g�o�m�e�r�i�c� �s�p�e�c�i�e�s� �w�i�t�h� �a�r�o�m�a�t�i�c� 

�e�t�h�e�r� �k�e�t�o�n�e� �k�e�t�o�n�e� �(�E�K�K�)� �m�o�i�t�i�e�s� �i�n� �t�h�e� �r�e�p�e�a�t� �u�n�i�t� �w�h�i�c�h� �w�e�r�e� �f�u�n�c�t�i�o�n�a�l�i�z�e�d� 

�w�i�t�h� �f�l�u�o�r�i�n�e� �o�n� �e�a�c�h� �e�n�d� �(�9�9�)�.� �T�h�e�y� �p�r�o�c�e�e�d�e�d� �t�o� �c�h�a�i�n� �e�x�t�e�n�d� �t�h�e� �o�l�i�g�o�m�e�r�i�c� 

�s�p�e�c�i�e�s� �b�y� �r�e�a�c�t�i�n�g� �i�t� �w�i�t�h� �h�y�d�r�o�q�u�i�n�o�n�e� �o�r� �4�,�4�'�-�d�i�h�y�d�r�o�x�y�d�i�p�h�e�n�y�l�|� �s�u�l�f�o�n�e� �w�i�t�h� 

�d�i�p�h�e�n�y�l� �s�u�l�f�o�n�e� �a�s� �t�h�e� �s�o�l�v�e�n�t�.� �W�i�t�h� �n�u�c�l�e�o�p�h�i�l�i�c� �s�u�b�s�t�i�t�u�t�i�o�n�s� �t�o� �s�y�n�t�h�e�s�i�z�e� 

�p�o�l�y�m�e�r�s�,� �e�t�h�e�r� �e�t�h�e�r� �i�n�t�e�r�c�h�a�n�g�e� �o�c�c�u�r�s�,� �h�o�w�e�v�e�r�,� �t�h�e� �i�d�e�a� �b�e�h�i�n�d� �t�h�i�s� 

�i�n�v�e�s�t�i�g�a�t�i�o�n� �w�a�s� �t�o� �d�i�m�i�n�i�s�h� �t�h�e� �p�r�o�b�a�b�i�l�i�t�y� �o�f� �e�t�h�e�r� �i�n�t�e�r�c�h�a�n�g�e� �b�y� �r�e�a�c�t�i�n�g� �o�n�l�y� 

�v�e�r�y� �s�h�o�r�t� �(�n�=�1�,�2�)� �o�l�i�g�o�m�e�r�i�c� �s�p�e�c�i�e�s�.� �C�h�a�i�n� �e�x�t�e�n�s�i�o�n� �o�f� �t�h�e� �o�l�i�g�o�m�e�r� �(�n�=�2�)� �w�i�t�h� 

�4�,�4�'�-�d�i�h�y�r�o�x�y� �d�i�p�h�e�n�y�l� �s�u�l�f�o�n�e� �r�e�s�u�l�t�e�d� �i�n� �a� �p�o�l�y�m�e�r� �w�i�t�h� �i�n�c�r�e�a�s�e�d� �T�g� �(�1�8�0�°�C�)�,� 

�b�u�t� �t�h�e� �T�m� �c�h�a�n�g�e�d� �o�n�l�y� �s�l�i�g�h�t�l�y� �a�n�d� �w�a�s� �s�i�m�i�l�a�r� �t�o� �t�h�a�t� �o�f� �P�E�E�K� �(�3�3�5�°�C�)�.� �A�l�s�o�,� 

�t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �b�l�o�c�k� �c�o�p�o�l�y�m�e�r�s� �o�f� �P�E�E�K�/�P�E�K�K� �a�n�d� �P�E�K�K�/�P�E�S� �h�a�v�e� �a�l�s�o� 

�b�e�e�n� �r�e�p�o�r�t�e�d� �(�1�0�0�,�1�0�1�)�.� �S�i�n�c�e� �t�h�e� �b�l�o�c�k� �l�e�n�g�t�h� �o�f� �b�o�t�h� �c�o�m�p�o�n�e�n�t�s� �a�r�e� �v�e�r�y� 

�s�h�o�r�t� �n�o� �p�h�a�s�e� �s�e�p�a�r�a�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d�.� 
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�2�.�9� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �S�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �P�o�l�y�(�A�r�y�l�e�n�e� �E�t�h�e�r�s�)� 

�S�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �a�r�e� �p�o�l�y�m�e�r�s� �w�h�i�c�h� �a�l�o�n�g� �w�i�t�h� 

�a�m�o�r�p�h�o�u�s� �r�e�g�i�o�n�s� �a�r�e� �a�l�s�o� �d�e�f�i�n�e�d� �b�y� �r�e�g�i�o�n�s� �w�h�i�c�h� �a�r�e� �c�r�y�s�t�a�l�l�i�n�e�.� �A�l�t�h�o�u�g�h� 

�s�o�m�e� �o�f� �t�h�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �a�r�e� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e�,� �i�t� �i�s� �m�o�r�e� �c�o�m�m�o�n� 

�f�o�r� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)� �t�o� �b�e� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �T�g�,� �w�h�i�c�h� 

�c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�e� �m�a�c�r�o�m�o�l�e�c�u�l�a�r� �s�e�g�m�e�n�t�a�l� �m�o�t�i�o�n� �o�f� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �i�n� �t�h�e� 

�a�m�o�r�p�h�o�u�s� �r�e�g�i�o�n�,� �s�e�m�i� �c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�m�e�r�s� �a�l�s�o� �d�i�s�p�l�a�y� �a� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� 

�t�e�m�p�e�r�a�t�u�r�e� �(�T�c�)�,� �t�e�m�p�e�r�a�t�u�r�e� �a�t� �w�h�i�c�h� �m�a�x�i�m�u�m� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �o�c�c�u�r�s�,� �a�n�d� �a� 

�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �m�e�l�t�i�n�g� �t�e�m�p�e�r�a�t�u�r�e� �(�T�m�)�,� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �a�t� �w�h�i�c�h� �t�h�e� �c�r�y�s�t�a�l�l�i�n�e� 

�r�e�g�i�o�n�s� �m�e�l�t�.� �F�o�r� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�m�e�r�s�,� �t�h�e�y� �d�o� �n�o�t� �f�l�o�w� �u�n�t�i�l� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� 

�i�s� �a�b�o�v�e� �t�h�e� �T�m�.� �W�i�t�h� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�m�e�r�s�,� �t�h�e� �u�s�a�g�e� �t�e�m�p�e�r�a�t�u�r�e� �i�s� 

�e�x�t�e�n�d�e�d� �t�o� �t�e�m�p�e�r�a�t�u�r�e�s� �a�b�o�v�e� �t�h�e� �T�g�,� �w�h�e�r�e�a�s�,� �f�o�r� �a�m�o�r�p�h�o�u�s� �p�o�l�y�m�e�r�s�,� �t�h�e� 

�u�s�a�g�e� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �l�i�m�i�t�e�d� �t�o� �b�e�l�o�w� �t�h�e� �T�g� �o�f� �t�h�e� �p�o�l�y�m�e�r�.� �I�n� �T�a�b�l�e� �3�,� �T�g� �a�n�d� 

�T�m� �v�a�l�u�e�s� �f�o�r� �v�a�r�i�o�u�s� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)� �a�r�e� �s�h�o�w�n�.� 

�T�h�e� �T�g� �a�n�d� �T�m� �o�f� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)� �a�r�e� �i�n�f�l�u�e�n�c�e�d� �b�y� 

�t�h�e� �r�a�t�i�o� �o�f� �k�e�t�o�n�e�s� �t�o� �e�t�h�e�r�s� �i�n� �t�h�e� �p�o�l�y�m�e�r� �r�e�p�e�a�t� �u�n�i�t�.� �A�s� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� 

�k�e�t�o�n�e� �i�n�c�r�e�a�s�e�s�,� �t�h�e� �T�g� �a�n�d� �T�m� �a�l�s�o� �i�n�c�r�e�a�s�e�s� �d�u�e� �t�o� �a� �h�i�g�h�e�r� �e�x�t�e�n�t� �o�f� �p�o�l�a�r� 

�i�n�t�e�r�a�c�t�i�o�n�s� �b�e�t�w�e�e�n� �p�o�l�y�m�e�r� �c�h�a�i�n�s�.� �L�i�k�e�w�i�s�e�,� �a�s� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �e�t�h�e�r� 

�i�n�c�r�e�a�s�e�s�,� �t�h�e� �T�g� �a�n�d� �T�m� �d�e�c�r�e�a�s�e�s� �d�u�e� �t�o� �e�t�h�e�r�s� �f�u�n�c�t�i�o�n�i�n�g� �a�s� �f�l�e�x�i�b�l�i�z�e�r�s� 

�w�h�i�c�h� �d�e�c�r�e�a�s�e�s� �t�h�e� �r�i�g�i�t�y� �o�f� �t�h�e� �p�o�l�y�m�e�r� �c�h�a�i�n�s�.� �S�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� 

�e�t�h�e�r�s�)� �e�x�h�i�b�i�t� �a� �m�u�c�h� �b�e�t�t�e�r� �s�o�l�v�e�n�t� �r�e�s�i�s�t�a�n�c�e� �t�h�a�n� �t�h�e� �a�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� 

�e�t�h�e�r�s�)�.� �S�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)� �a�r�e� �n�o�t� �s�o�l�u�b�l�e� �i�n� 

�c�o�n�v�e�n�t�i�o�n�a�l� �o�r�g�a�n�i�c� �s�o�l�v�e�n�t�s� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�,� �e�x�c�e�p�t� �i�n� �s�t�r�o�n�g�l�y� �a�c�i�d�i�c� 

�s�o�l�v�e�n�t�s� �s�u�c�h� �a�s� �s�u�l�f�u�r�i�c� �a�c�i�d�,� �t�r�i�f�l�i�c� �a�c�i�d� �e�t�c�.�.� �A�t� �t�e�m�p�e�r�a�t�u�r�e�s� �g�r�e�a�t�e�r� �t�h�a�n� �3�0�0�°�C� 

�t�h�e�y� �a�r�e� �s�o�l�u�b�l�e� �i�n� �a�r�o�m�a�t�i�c� �s�o�l�v�e�n�t�s� �s�u�c�h� �d�i�p�h�e�n�y�l�s�u�l�f�o�n�e�.� 
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�T�a�b�l�e� �3� �T�h�e� �T�g�s� �a�n�d� �T�m�s� �o�f� �v�a�r�i�o�u�s� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)� 
�(�4�0�)�.� 

�T�g� �(�°�C�)� �T�m� �(�°�C�)� 

�f�o�-�-�o�{�)� �4�4�}� �o�e� 

�f�o�{�)�-�0�L�)�o�{�)� �4�)� 

�f�o�{�y�o�{�}�t�Y�)�1� �a�s� 

�f�o�Y�8�)� �i�s�s� �a�s� 
�O� 
�l� �r�O�l�o�l�o�,� �«� �»� 

�R�e�c�e�n�t�l�y�,� �t�h�e� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)� �h�a�v�e� �b�e�e�n� �v�e�r�y� 

� � 

�p�o�p�u�l�a�r� �b�e�c�a�u�s�e� �t�h�e�y� �a�f�f�o�r�d� �m�a�n�y� �o�f� �t�h�e� �d�e�s�i�r�a�b�l�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e�r�m�o�s�e�t�s� �s�u�c�h� 

�a�s� �h�i�g�h� �u�s�a�g�e� �t�e�m�p�e�r�a�t�u�r�e�s� �a�n�d� �v�e�r�y� �g�o�o�d� �s�o�l�v�e�n�t� �r�e�s�i�s�t�a�n�c�e�,� �w�i�t�h�o�u�t� �t�h�e� �n�e�e�d� 

�f�o�r� �l�o�n�g� �c�u�r�e� �c�y�c�l�e�s� �a�s� �r�e�q�u�i�r�e�d� �f�o�r� �t�h�e�r�m�o�s�e�t�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e�y� �s�t�i�l�l� �p�o�s�s�e�s�s� �t�h�e� 

�c�r�i�t�i�c�a�l� �t�h�e�r�m�o�p�l�a�s�t�i�c� �b�e�h�a�v�i�o�r� �w�h�i�c�h� �a�l�l�o�w�s� �s�e�m�i�c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� 

�k�e�t�o�n�e�s�)� �b�e� �m�o�l�d�e�d� �a�n�d� �r�e�m�o�l�d�e�d� �d�u�r�i�n�g� �t�h�e� �f�a�b�r�i�c�a�t�i�o�n� �s�t�a�g�e� �i�f� �t�h�e� �n�e�e�d� �a�r�i�s�e�s�,� 

�w�h�e�r�e�a�s�,� �w�i�t�h� �t�h�e�r�m�o�s�e�t�s� �t�h�i�s� �i�s� �n�o�t� �p�o�s�s�i�b�l�e�.� 
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�2�.�1�0� �N�e�t�w�o�r�k�s� 

�2�.�1�0�.�1� �T�i�m�e�-�T�e�m�p�e�r�a�t�u�r�e�-�T�r�a�n�s�f�o�r�m�a�t�i�o�n� �D�i�a�g�r�a�m� 

�O�n�e� �o�f� �t�h�e� �m�a�i�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �t�h�e�r�m�o�s�e�t�s� �o�r� �n�e�t�w�o�r�k�s� �a�r�e� �t�h�a�t� �t�h�e�y� �a�r�e� 

�i�n�s�o�l�u�b�l�e�,� �u�n�l�i�k�e� �a�m�o�r�p�h�o�u�s� �t�h�e�r�m�o�p�l�a�s�t�i�c�s� �w�h�i�c�h� �a�r�e� �r�e�a�d�i�l�y� �s�o�l�u�b�l�e� �i�n� �o�r�g�a�n�i�c� 

�s�o�l�v�e�n�t�s�.� �T�h�e�r�m�o�s�e�t�s� �a�r�e� �i�n�s�o�l�u�b�l�e� �i�n� �o�r�g�a�n�i�c� �s�o�l�v�e�n�t�s�,� �a�l�t�h�o�u�g�h� �t�h�e�y� �m�a�y� �s�w�e�l�l� 

�t�o� �d�i�f�f�e�r�e�n�t� �e�x�t�e�n�t�s� �i�n� �v�a�r�i�o�u�s� �s�o�l�v�e�n�t�s�.� �A�n�o�t�h�e�r� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� �t�h�e�r�m�o�s�e�t�s� �i�s� 

�t�h�a�t� �t�h�e�y� �d�o� �n�o�t� �f�l�o�w� �w�h�e�n� �s�u�b�j�e�c�t�e�d� �t�o� �t�e�m�p�e�r�a�t�u�r�e�s� �a�b�o�v�e� �T�g�,� �t�h�i�s� �b�e�h�a�v�i�o�r� �h�a�s� 

�b�e�e�n� �c�o�m�m�o�n�l�y� �r�e�f�e�r�r�e�d� �t�o� �a�s� �i�n�f�u�s�i�b�i�l�i�t�y�.� �T�h�e� �i�n�s�o�l�u�b�i�l�i�t�y� �a�n�d� �i�n�f�u�s�i�b�i�l�i�t�y� �l�i�m�i�t� �t�h�e� 

�p�r�o�c�e�s�s�a�b�i�l�i�t�y� �o�f� �t�h�e�r�m�o�s�e�t�s�.� �T�h�e�r�m�o�s�e�t�s� �i�n�c�l�u�d�e� �t�h�e� �p�h�e�n�o�l�i�c�s�,� �e�p�o�x�i�e�s�,� �s�o�m�e� 

�u�r�e�t�h�a�n�e�s�,� �a�c�e�t�y�l�e�n�e�s�,� �m�a�l�e�i�m�i�d�e�s�,� �n�a�d�a�i�m�i�d�e�s� �a�n�d� �b�e�n�z�o�c�y�c�l�o�b�u�t�e�n�e�s�.� 

�U�s�u�a�l�l�y�,� �t�h�e�r�m�o�s�e�t�s� �a�r�e� �o�b�t�a�i�n�e�d� �f�r�o�m� �l�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�l�i�g�o�m�e�r�s� 

�w�h�i�c�h� �c�a�n� �b�e� �e�a�s�i�l�y� �p�r�o�c�e�s�s�e�d�.� �D�u�r�i�n�g� �t�h�e� �c�u�r�e�,� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �i�n�c�r�e�a�s�e�s� 

�d�u�e� �t�o� �t�h�e� �c�h�a�i�n� �e�x�t�e�n�s�i�o�n� �a�n�d� �b�r�a�n�c�h�i�n�g� �r�e�a�c�t�i�o�n�s� �a�n�d� �t�h�i�s� �p�r�o�c�e�s�s� �c�o�n�t�i�n�u�e�s� 

�u�n�t�i�l� �t�h�e� �g�e�l� �p�o�i�n�t� �i�s� �r�e�a�c�h�e�d�.� �D�u�r�i�n�g� �a�n� �i�s�o�t�h�e�r�m�a�l� �c�u�r�e�,� �t�h�e� �m�a�t�e�r�i�a�l� �u�n�d�e�r�g�o�e�s� 

�v�a�r�i�o�u�s� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �a�n�d� �t�h�e� �c�u�r�i�n�g� �c�y�c�l�e� �i�n�f�l�u�e�n�c�e�s� �t�h�e� �f�i�n�a�l� �p�h�y�s�i�c�a�l� 

�p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� �n�e�t�w�o�r�k� �(�1�0�5�)�.� �T�w�o� �i�m�p�o�r�t�a�n�t� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �d�u�r�i�n�g� �a� �c�u�r�e� 

�s�t�e�p� �a�r�e� �g�e�l�a�t�i�o�n� �a�n�d� �v�i�t�r�i�f�i�c�a�t�i�o�n�.� �G�e�l�a�t�i�o�n� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �g�e�n�e�r�a�t�i�o�n� �o�f� 

�i�n�f�i�n�i�t�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �a�n�d� �i�s� �d�e�p�e�n�d�e�n�t� �o�n� �r�e�a�c�t�i�v�i�t�y�,� �s�t�o�i�c�h�i�o�m�e�t�r�y�,� �a�n�d� 

�f�u�n�c�t�i�o�n�a�l�i�t�y� �o�f� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l�s�.� �P�r�i�o�r� �t�o� �g�e�l�a�t�i�o�n�,� �t�h�e� �m�a�t�e�r�i�a�l� �i�s� �s�t�i�l�l� �s�o�l�u�b�l�e�,� 

�h�o�w�e�v�e�r�,� �a�f�t�e�r� �g�e�l�a�t�i�o�n� �t�h�e� �m�a�t�e�r�i�a�l� �d�o�e�s� �n�o�t� �f�l�o�w� �a�n�d� �i�s� �n�o� �l�o�n�g�e�r� �p�r�o�c�e�s�s�a�b�l�e�.� 

�A� �g�e�l�l�e�d� �m�a�t�e�r�i�a�l� �c�o�n�s�i�s�t�s� �m�a�i�n�l�y� �o�f� �a� �i�n�s�o�l�u�b�l�e� �f�r�a�c�t�i�o�n� �b�u�t� �t�h�e�r�e� �m�a�y� �b�e� �p�r�e�s�e�n�t� 

�a� �v�e�r�y� �s�m�a�l�l� �a�m�o�u�n�t� �o�f� �a� �s�o�l�u�b�l�e� �f�r�a�c�t�i�o�n� �w�h�i�c�h� �h�a�s� �b�e�e�n� �c�o�m�m�o�n�l�y� �r�e�f�e�r�r�e�d� �t�o� 

�a�s� �t�h�e� �s�o�l� �f�r�a�c�t�i�o�n�.� �T�h�e� �o�t�h�e�r� �t�r�a�n�s�f�o�r�m�a�t�i�o�n� �i�s� �v�i�t�r�i�f�i�c�a�t�i�o�n� �w�h�i�c�h� �o�c�c�u�r�s� �w�h�e�n� �t�h�e� 

�T�g� �o�f� �t�h�e� �g�r�o�w�i�n�g� �n�e�t�w�o�r�k� �g�r�a�d�u�a�l�l�y� �i�n�c�r�e�a�s�e�s� �d�u�r�i�n�g� �t�h�e� �c�u�r�e� �a�n�d� �c�o�i�n�c�i�d�e�s� �w�i�t�h� 

�t�h�e� �c�u�r�e� �t�e�m�p�e�r�a�t�u�r�e�.� �A�t� �t�h�i�s� �p�o�i�n�t�,� �t�h�e� �m�a�t�e�r�i�a�l� �i�s� �a�n� �u�n�g�e�l�l�e�d� �g�l�a�s�s�,� �w�h�i�c�h� 
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�b�r�i�n�g�s� �a�b�o�u�t� �a�n� �a�b�r�u�p�t� �h�a�l�t� �t�o� �c�u�r�i�n�g� �d�u�e� �t�o� �t�h�e� �i�n�a�b�i�l�i�t�y� �o�f� �t�h�e� �r�e�a�c�t�i�v�e� �g�r�o�u�p�s� �t�o� 

�r�e�a�c�t� �w�i�t�h� �e�a�c�h� �o�t�h�e�r�.� �P�r�i�o�r� �t�o� �v�i�t�r�i�f�i�c�a�t�i�o�n�,� �t�h�e� �c�u�r�e� �i�s� �c�h�e�m�i�c�a�l�l�y� �o�r� �k�i�n�e�t�i�c�a�l�l�y� 

�c�o�n�t�r�o�l�l�e�d�,� �h�o�w�e�v�e�r�,� �a�t� �v�i�t�r�i�f�i�c�a�t�i�o�n� �t�h�e� �c�u�r�e� �c�a�n� �s�t�i�l�l� �p�r�o�g�r�e�s�s� �b�u�t� �o�n�l�y� �v�e�r�y� �s�l�o�w�l�y� 

�b�e�c�a�u�s�e� �t�h�e� �r�a�t�e� �i�s� �d�i�f�f�u�s�i�o�n� �c�o�n�t�r�o�l�l�e�d�.� �G�i�l�l�h�a�m� �(�1�0�2�-�1�0�5�)� �h�a�s� �r�e�p�o�r�t�e�d� �t�h�e� 

�v�a�r�i�o�u�s� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �t�h�a�t� �o�c�c�u�r� �d�u�r�i�n�g� �a� �c�u�r�i�n�g� �p�r�o�c�e�s�s� �a�n�d� �h�a�s� �d�e�v�e�l�o�p�e�d� �a� 

�u�s�e�f�u�l� �d�i�a�g�r�a�m� �w�h�i�c�h� �i�s� �c�o�m�m�o�n�l�y� �k�n�o�w�n� �a�s� �t�h�e� �T�T�T� �(�T�i�m�e� �T�e�m�p�e�r�a�t�u�r�e� 

�T�r�a�n�s�f�o�r�m�a�t�i�o�n�)� �d�i�a�g�r�a�m�.� �T�h�e� �T�T�T� �D�i�a�g�r�a�m� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.� �T�h�e� �d�i�a�g�r�a�m� 

�w�a�s� �o�b�t�a�i�n�e�d� �b�y� �m�e�a�s�u�r�i�n�g� �t�h�e� �t�i�m�e�s� �t�o� �v�a�r�i�o�u�s� �s�t�a�t�e�s� �t�h�a�t� �o�c�c�u�r� �d�u�r�i�n�g� �a�n� 

�i�s�o�t�h�e�r�m�a�l� �c�u�r�e� �a�t� �d�i�f�f�e�r�e�n�t� �c�u�r�e� �t�e�m�p�e�r�a�t�u�r�e�s� �u�s�i�n�g� �t�o�r�s�i�o�n�a�l� �b�r�a�i�d� �a�n�a�l�y�s�i�s� 

�(�T�B�A�)�.� �T�h�e�s�e� �s�t�a�t�e�s� �a�r�e� �l�i�q�u�i�d�,� �s�o�l� �g�l�a�s�s�,� �s�o�l�/�g�e�!� �g�l�a�s�s�,� �g�e�l� �g�l�a�s�s�,� �g�e�l� �r�u�b�b�e�r�,� 

�s�o�l�/�g�e�l� �r�u�b�b�e�r�,� �a�n�d� �c�h�a�r�.� �A�l�s�o� �s�h�o�w�n� �a�r�e� �t�h�r�e�e� �p�r�o�m�i�n�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�s� �w�h�i�c�h� 

�a�r�e� �T�g�o�,� �g�e�l� �T�g�,� �a�n�d� �T�g�o�o�,� �T�g�g� �i�s� �t�h�e� �T�g� �o�f� �t�h�e� �u�n�c�u�r�e�d� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l�s�,� �b�e�l�o�w� 

�t�h�i�s� �t�e�m�p�e�r�a�t�u�r�e� �t�h�e� �m�a�t�e�r�i�a�l� �i�s� �o�n�l�y� �a� �s�o�l�u�b�l�e� �g�l�a�s�s� �a�n�d� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �c�u�r�i�n�g� 

�r�e�a�c�t�i�o�n�s� �o�c�c�u�r� �b�e�l�o�w� �t�h�i�s� �t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� �g�e�l� �T�g� �i�s� �t�h�e� �p�o�i�n�t� �a�t� �w�h�i�c�h� �g�e�l�a�t�i�o�n� 

�a�n�d� �v�i�t�r�i�f�i�c�a�t�i�o�n� �o�c�c�u�r� �s�i�m�u�l�t�a�n�e�o�u�s�l�y�.� �T�h�e� �T�g�e�o� �i�s� �t�h�e� �T�g� �o�f� �t�h�e� �f�u�l�l�y� �c�u�r�e�d� 

�n�e�t�w�o�r�k�.� �A�s� �c�a�n� �b�e� �s�e�e�n� �f�r�o�m� �t�h�e� �T�T�T� �d�i�a�g�r�a�m�,� �c�u�r�i�n�g� �b�e�t�w�e�e�n� �t�h�e� �T�g�o� �a�n�d� �g�e�l� 

�T�g� �o�n�l�y� �r�e�s�u�l�t�s� �i�n� �v�i�t�r�i�f�i�c�a�t�i�o�n� �f�o�l�l�o�w�e�d� �b�y� �g�e�l�a�t�i�o�n�,� �b�u�t� �i�f� �t�h�e� �c�u�r�e� �i�s� �c�o�n�d�u�c�t�e�d� 

�b�e�t�w�e�e�n� �g�e�l� �T�g� �a�n�d� �T�g�.�.�,� �g�e�l�a�t�i�o�n� �o�c�c�u�r�s� �f�i�r�s�t� �f�o�l�l�o�w�e�d� �b�y� �v�i�t�r�i�f�i�c�a�t�i�o�n�.� �A�t� �t�h�i�s� 

�p�o�i�n�t�,� �t�h�e� �m�a�t�e�r�i�a�l� �c�o�n�s�i�s�t�s� �o�f� �a� �f�i�n�i�t�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �s�o�l� �f�r�a�c�t�i�o�n� �a�n�d� �i�n�f�i�n�i�t�e� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �g�e�l� �f�r�a�c�t�i�o�n�.� �F�u�r�t�h�e�r� �c�u�r�i�n�g� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �b�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e� 

�t�e�m�p�e�r�a�t�u�r�e�.� �I�f� �t�h�e� �n�e�t�w�o�r�k� �m�a�t�e�r�i�a�l� �d�o�e�s� �n�o�t� �d�e�g�r�a�d�e� �a�t� �t�e�m�p�e�r�a�t�u�r�e�s� �a�b�o�v�e� 

�t�h�e� �T�g�o�o�,� �r�e�a�c�t�i�o�n� �a�t� �h�i�g�h�e�r� �t�e�m�p�e�r�a�t�u�r�e�s� �i�s� �t�h�e� �m�o�s�t� �d�i�r�e�c�t� �m�e�t�h�o�d� �o�f� �o�b�t�a�i�n�i�n�g� �a� 

�f�u�l�l�y� �c�u�r�e�d� �m�a�t�e�r�i�a�l�.� �T�h�i�s� �m�e�t�h�o�d� �i�s� �m�o�r�e� �a�p�p�l�i�c�a�b�l�e� �f�o�r� �r�e�a�c�t�i�o�n� �o�f� �l�i�n�e�a�r� �r�u�b�b�e�r� 

�s�y�s�t�e�m�s� �i�n� �w�h�i�c�h� �t�h�e� �f�u�l�l�y� �c�u�r�e�d� �n�e�t�w�o�r�k� �h�a�s� �a� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �T�g�.� �F�o�r� �h�i�g�h� �T�g� 

�s�y�s�t�e�m�s� �i�n� �w�h�i�c�h� �r�e�a�c�t�i�o�n� �a�b�o�v�e� �t�h�e� �T�g�o�o� �l�e�a�d�s� �t�o� �a� �t�h�e�r�m�a�l� �d�e�g�r�a�d�a�t�i�o�n�,� �f�u�l�l�y� 
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�c�u�r�e�d� �m�a�t�e�r�i�a�l� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �b�y� �t�a�i�l�o�r�i�n�g� �t�h�e� �t�i�m�e� �t�e�m�p�e�r�a�t�u�r�e� �c�y�c�l�e� �t�o� �r�e�a�c�h� 

�t�h�e� �f�u�l�l� �c�u�r�e� �l�i�n�e� �b�y� �c�u�r�i�n�g� �b�e�t�w�e�e�n� �g�e�l� �T�g� �a�n�d� �T�g�o�o�.� �T�h�e� �T�T�T� �d�i�a�g�r�a�m� �a�l�s�o� 

�s�h�o�w�s� �t�h�e� �l�i�n�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �p�h�a�s�e� �s�e�p�a�r�a�t�i�o�n�,� �t�h�i�s� �w�a�s� �o�b�t�a�i�n�e�d� �b�y� 

�c�o�m�b�i�n�i�n�g� �t�h�e� �T�B�A� �r�e�s�u�l�t�s� �w�i�t�h� �c�l�o�u�d� �p�o�i�n�t� �m�e�a�s�u�r�e�m�e�n�t�s� �f�o�r� �a� �r�u�b�b�e�r� �m�o�d�i�f�i�e�d� 

�t�h�e�r�m�o�s�e�t�.� 
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�F�i�g�u�r�e� �3� �T�T�T� �d�i�a�g�r�a�m� �s�h�o�w�i�n�g� �v�a�r�i�o�u�s� �s�t�a�t�e�s� �t�h�a�t� �o�c�c�u�r� �d�u�r�i�n�g� �i�s�o�t�h�e�r�m�a�l� �c�u�r�i�n�g� 
�a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �t�i�m�e� �(�1�0�5�)� 

�T�h�e� �r�e�s�u�l�t�s� �s�h�o�w� �t�h�a�t� �p�h�a�s�e� �s�e�p�a�r�a�t�i�o�n� �o�c�c�u�r�s� �p�r�i�o�r� �t�o� �g�e�l�a�t�i�o�n� �a�n�d� �t�h�a�t� �t�h�e� 

�w�i�n�d�o�w� �f�o�r� �o�n�s�e�t� �o�f� �p�h�a�s�e� �s�e�p�a�r�a�t�i�o�n� �a�n�d� �g�e�l�a�t�i�o�n� �d�e�c�r�e�a�s�e�s� �a�s� �t�h�e� �c�u�r�e� 

�t�e�m�p�e�r�a�t�u�r�e� �i�n�c�r�e�a�s�e�s�.� �T�h�e� �c�u�r�e� �t�e�m�p�e�r�a�t�u�r�e� �i�n�f�l�u�e�n�c�e�s� �t�h�e� �m�o�r�p�h�o�l�o�g�y� �t�h�a�t� 

�d�e�v�e�l�o�p�s� �b�y� �a�f�f�e�c�t�i�n�g� �t�h�e� �a�m�o�u�n�t�,� �t�h�e� �c�o�m�p�o�s�i�t�i�o�n�,� �a�n�d� �t�h�e� �d�i�s�t�r�u�b�u�t�i�o�n� �o�f� 

�d�i�m�e�n�s�i�o�n�s� �o�f� �t�h�e� �d�i�s�p�e�r�s�e�d� �p�h�a�s�e� �a�n�d� �t�h�e� �T�T�T� �d�i�a�g�r�a�m� �p�r�o�v�i�d�e� �v�e�r�y� �u�s�e�f�u�l� 

�i�n�f�o�r�m�a�t�i�o�n� �w�h�i�c�h� �c�a�n� �b�e� �u�s�e�d� �t�o� �c�o�n�t�r�o�l� �t�h�e� �o�n�s�e�t� �a�n�d� �t�h�e� �d�u�r�a�t�i�o�n� �o�f� �p�h�a�s�e� 

�s�e�p�a�r�a�t�i�o�n�.� 

�I�n� �t�h�e� �a�r�e�a� �o�f� �c�o�m�p�o�s�i�t�e�s�,� �i�t� �i�s� �d�e�s�i�r�a�b�l�e� �t�o� �h�a�v�e� �a� �l�o�w� �v�i�s�c�o�s�i�t�y� �r�e�s�i�n� �f�o�r� 

�g�o�o�d� �w�e�t�t�i�n�g� �o�f� �t�h�e� �r�e�s�i�n� �t�o� �t�h�e� �c�o�m�p�o�s�i�t�e� �f�i�b�e�r�s�.� �T�h�e� �T�T�T� �d�i�a�g�r�a�m� �c�a�n� �b�e� �u�s�e�d� 

�t�o� �c�o�n�t�r�o�l� �t�h�e� �v�i�s�c�o�s�i�t�y� �l�e�v�e�l�s� �a�n�d� �t�h�e� �t�i�m�e� �a�n�d� �t�e�m�p�e�r�a�t�u�r�e� �c�y�c�l�e� �s�o� �a�s� �t�o� 

�m�i�n�i�m�i�z�e� �t�h�e� �s�t�r�e�s�s�e�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �s�h�r�i�n�k�a�g�e� �o�f� �t�h�e� �c�u�r�e�d� �r�e�s�i�n� �w�h�i�c�h� �c�a�u�s�e� 
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�t�h�e� �f�i�b�e�r�s� �i�n� �t�h�e� �c�o�m�p�o�s�i�t�e�s� �t�o� �b�u�c�k�l�e�.� �T�h�e� �T�T�T� �d�i�a�g�r�a�m� �a�l�s�o� �p�r�o�v�i�d�e� �v�a�l�u�a�b�l�e� 

�i�n�f�o�r�m�a�t�i�o�n� �p�e�r�t�a�i�n�i�n�g� �t�o� �t�h�e� �s�t�o�r�a�g�e� �t�e�r�m�p�e�r�a�t�u�r�e� �a�n�d� �h�o�w� �l�o�n�g� �r�e�a�c�t�i�v�e� 

�m�a�t�e�r�i�a�l�s� �c�a�n� �b�e� �s�t�o�r�e�d� �w�i�t�h�o�u�t� �b�e�i�n�g� �g�e�l�l�e�d�.� 

�I�n� �s�h�o�r�t�,� �t�h�e� �T�T�T� �d�i�a�g�r�a�m� �a�l�l�o�w�s� �o�n�e� �t�o� �c�h�o�o�s�e� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �t�h�e� 

�t�i�m�e� �o�f� �c�u�r�e� �s�u�c�h� �t�h�a�t� �v�a�r�i�o�u�s� �s�t�a�t�e�s� �s�u�c�h� �a�s� �g�e�l�a�t�i�o�n�,� �v�i�t�r�i�f�i�c�a�t�i�o�n�,� �a�n�d� �p�h�a�s�e� 

�s�e�p�a�r�a�t�i�o�n� �o�c�c�u�r� �i�n� �a� �c�o�n�t�r�o�l�l�e�d� �m�a�n�n�e�r� �t�o� �o�p�t�i�m�i�z�e� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� �r�e�s�u�l�t�i�n�g� 

�n�e�t�w�o�r�k�.� �R�e�c�e�n�t�l�y�,� �a�n�e�w� �T�T�T� �d�i�a�g�r�a�m� �f�o�r� �a� �t�e�t�r�a�f�u�n�c�t�i�o�n�a�l� �e�p�o�x�y� �m�o�d�i�f�i�e�d� �w�i�t�h� 

�p�o�l�y�(�e�t�h�e�r� �s�u�l�f�o�n�e�)� �a�n�d� �d�i�c�y�a�n�d�i�a�m�i�d�e� �a�s� �t�h�e� �c�u�r�i�n�g� �a�g�e�n�t� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� 

�(�1�0�6�)�.� �U�s�i�n�g� �t�o�r�s�i�o�n�a�l� �b�r�a�i�d� �a�n�a�l�y�s�i�s� �a�l�o�n�g� �w�i�t�h� �o�t�h�e�r� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n�a�l� �m�e�t�h�o�d�s�,� 

�t�h�e�y� �w�e�r�e� �a�b�l�e� �t�o� �t�a�k�e� �i�n�t�o� �c�o�n�s�i�d�e�r�a�t�i�o�n�s� �o�t�h�e�r� �t�r�a�n�s�f�o�r�m�a�t�i�o�n�s� �s�u�c�h� �a�s� �o�n�s�e�t� �o�f� 

�p�h�a�s�e� �s�e�p�a�r�a�t�i�o�n�,� �g�e�l�a�t�i�o�n�,� �f�i�x�a�t�i�o�n� �o�f� �t�h�e� �d�i�m�e�n�s�i�o�n� �o�f� �t�h�e� �p�h�a�s�e� �s�e�p�a�r�a�t�e�d� 

�s�t�r�u�c�t�u�r�e�,� �e�n�d� �o�f� �p�h�a�s�e� �s�e�p�a�r�a�t�i�o�n� �a�n�d� �v�i�t�r�i�f�i�c�a�t�i�o�n� �.� 

�M�o�d�i�f�i�c�a�t�i�o�n�s� �o�f� �a�m�i�n�e� �t�e�r�m�i�n�a�t�e�d� �o�l�i�g�o�m�e�r�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �t�o� 

�o�t�h�e�r� �f�u�n�c�t�i�o�n�a�l� �g�r�o�u�p�s� �c�a�p�a�b�l�e� �o�f� �u�n�d�e�r�g�o�i�n�g� �c�r�o�s�s�l�i�n�k�i�n�g� �r�e�a�c�t�i�o�n�s� �h�a�v�e� �b�e�e�n� �a� 

�c�o�m�m�o�n� �m�e�t�h�o�d� �t�o� �o�b�t�a�i�n� �n�e�t�w�o�r�k�s�.� �T�h�e� �m�a�i�n� �f�o�c�u�s� �b�e�h�i�n�d� �r�e�s�e�a�r�c�h� �e�f�f�o�r�t�s� 

�w�i�t�h� �n�e�t�w�o�r�k�s� �f�r�o�m� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �h�a�s� �b�e�e�n� �t�o� �r�e�t�a�i�n� �t�h�e� �a�t�t�r�a�c�t�i�v�e� 

�p�r�o�p�e�r�t�i�e�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �w�h�i�l�e� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �e�n�h�a�n�c�i�n�g� �t�h�e� �s�o�l�v�e�n�t� 

�r�e�s�i�s�t�a�n�c�e� �a�n�d� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �T�g�.� �I�n� �t�h�i�s� �a�r�e�a�,� �t�h�e� �s�y�n�t�h�e�s�i�s� �a�n�d� �m�o�d�i�f�i�c�a�t�i�o�n� �o�f� 

�a�m�i�n�e� �t�e�r�m�i�n�a�t�e�d� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �h�a�s� �b�e�e�n� �e�x�t�e�n�s�i�v�e�l�y� �u�t�i�l�i�z�e�d�.� �T�h�e� 

�s�y�n�t�h�e�s�i�s� �o�f� �a�m�i�n�e� �t�e�r�m�i�n�a�t�e�d� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �i�n�v�o�l�v�e�s� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� 

�e�i�t�h�e�r� �m�e�t�a� �o�r� �p�a�r�a� �a�m�i�n�o�p�h�e�n�o�l� �a�s� �t�h�e� �m�o�n�o�f�u�n�c�t�i�o�n�a�l� �e�n�d�c�a�p�p�e�r� �(�2�0�4�,�1�0�7�)�.� 

�T�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �a�m�i�n�e� �t�e�r�m�i�n�a�t�e�d� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �f�r�o�m� 

�B�i�s�p�h�e�n�o�l�-�A�,� �D�C�D�P�S� �a�n�d� �m�e�t�a� �a�m�i�n�o�p�h�e�n�o�l� �u�s�i�n�g� �p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e� �r�o�u�t�e� �i�s� 

�s�h�o�w�n� �i�n� �S�c�h�e�m�e� �1�3�.� 
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�C�H� �N�H�.� 

�H�O�L�D� �E�L� �p�o�n�e� �o�r� �P�s�o�r�{� �P�o�i� �+� �H�K�}� 
�C�H�,� 

�E�x�c�e�s�s� �K�»�C�O�,� 
�D�M�A�c� �/� �T�o�l�u�e�n�e� 
�1�4�5�°�C� �(�4�h�r�s�)� 

�s�e� �(�8�h�r�s�)� 

�2� �H�o�N� �C�H�,� �N�H� 

�C�)�-�0�-�0�0�5�0�-� �4�-�0�-�2�0�4�0�)� �C�H�,� �n� 

�D�P�S�:� �{�p�s�t� �) �� 

�S�c�h�e�m�e� �1�3� �S�y�n�t�h�e�s�i�s� �o�f� �a�m�i�n�e� �t�e�r�m�i�n�a�t�e�d� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �f�r�o�m� 
�b�i�s�p�h�e�n�o�l�-�A� �a�n�d� �D�C�D�P�S� �u�s�i�n�g� �m�e�t�a� �a�m�i�n�o�p�h�e�n�o�l� �a�s� �t�h�e� �e�n�d�c�a�p�p�e�r� �(�1�0�7�)� 

�T�h�e� �a�m�o�u�n�t� �o�f� �t�h�e� �m�o�n�o�f�u�n�c�t�i�o�n�a�l� �e�n�c�a�p�p�e�r� �i�n�c�o�r�p�o�r�a�t�e�d� �i�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� 

�C�a�r�o�t�h�e�r�s� �e�q�u�a�t�i�o�n� �w�h�i�c�h� �i�s� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �v�a�r�i�o�u�s� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�s� �o�f� �t�h�e� 

�h�a�l�o�g�e�n� �t�e�r�m�i�n�a�t�e�d� �o�l�i�g�o�m�e�r�s�.� �T�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �t�h�e� �o�l�i�g�o�m�e�r� �g�o�v�e�r�n�s� �t�h�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �m�o�n�o�f�u�n�c�t�i�o�n�a�l� �e�n�d�c�a�p�p�e�r�.� �A�s� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �t�h�e� 

�o�l�i�g�o�m�e�r� �i�n�c�r�e�a�s�e�s�,� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �a�m�i�n�e� �d�e�c�r�e�a�s�e�s� �a�c�c�o�r�d�i�n�g�l�y�,� �s�o� 

�t�h�e�r�e� �i�s� �a�n� �i�n�v�e�r�s�e� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �t�h�e� �o�l�i�g�o�m�e�r� �a�n�d� 

�t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �a�m�i�n�e�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �a�m�i�n�e� �t�e�r�m�i�n�a�t�e�d� �p�o�l�y�(�a�r�y�l�e�n�e� 

�e�t�h�e�r� �s�u�l�f�o�n�e�)� �c�a�n� �b�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �i�n�t�r�i�n�s�i�c� �v�i�s�c�o�s�i�t�y�,� �N�M�R�,� �a�n�d� �b�y� �t�i�t�r�a�t�i�n�g� 

�t�h�e� �a�m�i�n�e� �g�r�o�u�p�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�.� 
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�2�.�1�0�.�2� �B�i�s�m�a�l�e�i�m�i�d�e�s� 

�B�i�s�m�a�l�e�i�m�i�d�e�s� �a�r�e� �a�n� �i�m�p�o�r�t�a�n�t� �c�l�a�s�s� �o�f� �m�a�t�e�r�i�a�l�s� �t�h�a�t� �u�n�d�e�r�g�o�e�s� �t�h�e�r�m�a�l� 

�f�r�e�e� �r�a�d�i�c�a�l� �c�r�o�s�s�l�i�n�k�i�n�g� �r�e�a�c�t�i�o�n�s� �t�o� �y�i�e�l�d� �n�e�t�w�o�r�k�s�.� �N�e�t�w�o�r�k�s� �f�r�o�m� 

�b�i�s�m�a�l�e�i�m�i�d�e�s� �m�a�y� �d�i�s�p�l�a�y� �a�t�t�r�a�c�t�i�v�e� �p�r�o�p�e�r�t�i�e�s� �s�u�c�h� �a�s� �g�o�o�d� �p�h�y�s�i�c�a�l� 

�p�r�o�p�e�r�t�i�e�s�,� �t�h�e�r�m�a�l� �s�t�a�b�i�l�i�t�y�,� �a�n�d� �p�r�o�c�e�s�s�a�b�i�l�i�t�y�.� �T�h�e� �g�e�n�e�r�a�l� �s�t�r�u�c�t�u�r�e� �o�f� 

�b�i�s�m�a�l�e�i�m�i�d�e�s� �i�s� �s�h�o�w�n� �b�e�l�o�w� 

�T�h�e� �A�r� �m�a�y� �b�e� �a�n�y� �a�r�o�m�a�t�i�c� �m�o�i�e�t�y� �f�r�o�m� �a� �m�o�n�o�m�e�r�i�c� �u�n�i�t� �o�r� �i�t� �c�a�n� �a�l�s�o� �b�e� 

�a�r�o�m�a�t�i�c� �u�n�i�t�s� �o�n� �t�h�e� �r�e�p�e�a�t� �u�n�i�t� �o�f� �a� �p�o�l�y�m�e�r�.� �T�h�e�r�e�f�o�r�e�,� �a� �w�i�d�e� �r�a�n�g�e� �o�f� 

�s�t�r�u�c�t�u�r�e�s� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �b�y� �v�a�r�y�i�n�g� �t�h�e� �n�a�t�u�r�e� �o�f� �A�r�.� �T�h�e� �c�r�o�s�s�l�i�n�k�i�n�g� �c�a�n� �b�e� 

�i�n�d�u�c�e�d� �e�i�t�h�e�r� �t�h�e�r�m�a�l�l�y� �o�r� �b�y� �a� �m�i�c�r�o�w�a�v�e� �(�1�0�7�)�.� �A�n� �a�d�v�a�n�t�a�g�e� �w�i�t�h� �n�e�t�w�o�r�k�s� 

�f�r�o�m� �b�i�s�m�a�l�e�i�m�i�d�e�s� �i�s� �t�h�a�t� �n�o� �v�o�l�a�t�i�l�e� �b�y� �p�r�o�d�u�c�t�s� �a�r�e� �f�o�r�m�e�d� �d�u�r�i�n�g� �t�h�e� �c�u�r�e� �a�n�d� 

�t�h�e�y� �h�a�v�e� �b�e�e�n� �i�n�v�e�s�t�i�g�a�t�e�d� �a�s� �a� �p�o�s�s�i�b�l�e� �c�a�n�d�i�d�a�t�e� �a�s� �a� �m�a�t�r�i�x� �r�e�s�i�n� �f�o�r� �h�i�g�h� 

�p�e�r�f�o�r�m�a�n�c�e� �f�i�b�e�r� �r�e�i�n�f�o�r�c�e�d� �c�o�m�p�o�s�i�t�e�s�.� �T�h�e� �c�u�r�e� �o�f� �b�i�s�m�a�l�e�i�m�i�d�e�s� �h�a�v�e� �b�e�e�n� 

�i�n�v�e�s�t�i�g�a�t�e�d� �u�s�i�n�g� �e�l�e�c�t�r�o�n� �s�p�i�n� �r�e�s�o�n�a�n�c�e� �(�E�S�R�)�,� �n�u�c�l�e�a�r� �m�a�g�n�e�t�i�c� �r�e�s�o�n�a�n�c�e� 

�(�N�M�R�)�,� �a�n�d� �d�i�f�f�e�r�e�r�t�i�a�l� �s�c�a�n�n�i�n�g� �c�a�l�o�r�i�m�e�t�r�y� �(�D�S�C�)�.�(�1�0�8�-�1�1�1�)�.� �T�h�e� �c�u�r�i�n�g� �o�f� 

�m�a�l�e�i�m�i�d�e�s� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �4�.� �D�u�e� �t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�w�o� �a�d�j�a�c�e�n�t� �i�m�i�d�e� 

�c�a�r�b�o�n�y�l�s� �a�n�d� �i�t�s� �e�l�e�c�t�r�o�n� �w�i�t�h�d�r�a�w�i�n�g� �e�f�f�e�c�t� �o�n� �t�h�e� �o�l�e�f�i�n� �b�o�n�d�s�,� �b�i�s�m�a�l�e�i�m�i�d�e�s� 

�u�n�d�e�r�g�o� �c�u�r�i�n�g� �j�u�s�t� �a�b�o�v�e� �t�h�e� �c�r�y�s�t�a�l�l�i�n�e� �m�e�l�t�i�n�g� �p�o�i�n�t� �o�f� �t�h�e� �b�i�s�m�a�l�e�i�m�i�d�e� 

�m�o�n�o�m�e�r� �o�r� �t�h�e� �T�g� �o�f� �t�h�e� �p�o�l�y�m�e�r�.� �D�u�r�i�n�g� �t�h�e� �c�u�r�e�,� �i�t� �i�s� �b�e�l�i�e�v�e�d� �t�h�a�t� �r�a�d�i�c�a�l�s� 

�a�r�e� �p�r�o�d�u�c�e�d� �w�h�i�c�h� �c�o�m�b�i�n�e� �w�i�t�h� �o�t�h�e�r� �r�a�d�i�c�a�l�s� �t�o� �f�r�o�m� �c�o�v�a�l�e�n�t� �b�o�n�d�s� �(�1�0�8�)�.� 
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�N�e�t�w�o�r�k�s� �f�r�o�m� �m�o�n�o�m�e�r�i�c� �b�i�s�m�a�l�e�i�m�i�d�e�s� �d�i�s�p�l�a�y� �a� �h�i�g�h� �T�g� �a�n�d� �a� �h�i�g�h� �m�o�d�u�l�u�s�,� 

�b�u�t� �t�h�e� �c�u�r�e�d� �n�e�t�w�o�r�k� �i�s� �v�e�r�y� �b�r�i�t�t�l�e� �d�u�e� �t�o� �t�h�e� �h�i�g�h� �c�r�o�s�s�l�i�n�k� �d�e�n�s�i�t�y� �r�e�s�u�l�t�i�n�g� 

�f�r�o�m� �t�h�e� �r�e�l�a�t�i�v�e� �l�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �t�h�e� �s�t�a�r�t�i�n�g� �m�a�t�e�r�i�a�l�.� �T�h�e�r�e� �h�a�v�e� �b�e�e�n� 

�v�a�r�i�o�u�s� �e�f�f�o�r�t�s� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �t�o�u�g�h�n�e�s�s� �o�f� �t�h�e�s�e� �b�r�i�t�t�l�e� �n�e�t�w�o�r�k�s�.� �O�n�e� �o�f� �t�h�e�s�e� 

�e�f�f�o�r�t�s� �h�a�v�e� �b�e�e�n� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �b�e�t�w�e�e�n� �t�h�e� �m�a�l�e�i�m�i�d�e�s� �b�y� 

�i�n�c�o�r�p�o�r�a�t�i�n�g� �o�l�i�g�o�m�e�r�i�c� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �s�i�n�c�e� �t�h�e�s�e� �p�o�l�y�m�e�r�s� �h�a�v�e� �b�e�e�n� 

�s�h�o�w�n� �t�o� �b�e� �t�o�u�g�h� �a�n�d� �s�h�o�w� �g�o�o�d� �m�e�c�h�a�n�i�c�a�l� �p�r�o�p�e�r�t�i�e�s�.� �O�n�e� �o�f� �t�h�e� 

�m�o�d�i�f�i�c�a�t�i�o�n� �i�n�v�o�l�v�e�s� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �a�m�i�n�e� �t�e�r�m�i�n�a�t�e�d� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� 

�w�h�i�c�h� �i�s� �t�h�e�n� �r�e�a�c�t�e�d� �w�i�t�h� �m�a�l�e�i�c� �a�n�h�y�d�r�i�d�e� �t�o� �a�f�f�o�r�d� �m�a�l�e�i�m�i�d�e� �t�e�r�m�i�n�a�t�e�d� 

�p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �(�1�0�7�,�1�1�5�)�.� �S�h�o�w�n� �i�n� �S�c�h�e�m�e� �1�4� �a�r�e� �v�a�r�i�o�u�s� �m�e�t�h�o�d�s� �f�o�r� 

�t�h�e� �c�o�n�v�e�r�s�i�o�n� �o�f� �a�m�i�n�e�s� �t�o� �m�a�l�e�i�m�i�d�e�s� �(�1�1�6�)�.� �I�n� �p�r�i�n�c�i�p�l�e�,� �e�v�e�r�y� �a�r�o�m�a�t�i�c� 

�d�i�a�m�i�n�e� �o�r� �a�m�i�n�o� �t�e�r�m�i�n�a�t�e�d� �o�l�i�g�o�m�e�r�s� �c�a�n� �b�e� �u�s�e�d�.� �B�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �b�e�t�w�e�e�n� �t�h�e� �m�a�l�e�i�m�i�d�e�s�,� �t�h�e� �c�r�o�s�s�l�i�n�k� �d�e�n�s�i�t�y� �c�a�n� �b�e� 

�d�e�c�r�e�a�s�e�d� �a�n�d� �t�h�e� �r�e�s�u�l�t�i�n�g� �n�e�t�w�o�r�k� �c�a�n� �b�e� �t�o�u�g�h�e�n�e�d�.� �V�a�r�i�o�u�s� �a�m�i�n�e� 

�t�e�r�m�i�n�a�t�e�d� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �h�a�v�e� �b�e�e�n� �c�o�n�v�e�r�t�e�d� �t�o� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� 

�m�a�l�e�i�m�i�d�e�s� �a�n�d� �c�r�o�s�s�l�i�n�k�e�d�.� �L�y�l�e� �e�t� �a�l�.�(�1�0�7�)� �h�a�v�e� �s�y�n�t�h�e�s�i�z�e�d� �v�a�r�i�o�u�s� �o�l�i�g�o�m�e�r�s� 

�o�f� �a�m�o�r�p�h�o�u�s� �m�a�l�e�i�m�i�d�e� �t�e�r�m�i�n�a�t�e�d� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)� �a�n�d� �c�r�o�s�s�l�i�n�k�e�d� 

�t�h�e� �m�a�l�e�i�m�i�d�e�s� �e�i�t�h�e�r� �b�y� �a� �t�h�e�r�m�a�l� �t�r�e�a�t�m�e�n�t� �o�r� �b�y� �a� �m�i�c�r�o�w�a�v�e� �t�r�e�a�t�m�e�n�t� �t�o� 

�a�f�f�o�r�d� �t�o�u�g�h� �n�e�t�w�o�r�k�s�.� �T�h�e�y� �o�b�s�e�r�v�e�d� �t�h�a�t� �a�s� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �b�e�t�w�e�e�n� �t�h�e� 

�m�a�l�e�i�m�i�d�e�s� �i�n�c�r�e�a�s�e�d�,� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �o�f� �t�h�e� �n�e�t�w�o�r�k�s� �a�l�s�o� �i�n�c�r�e�a�s�e�d�.� 

�A�l�s�o�,� �t�h�e� �t�h�e�r�m�a�l� �c�o�e�f�f�i�c�e�n�t� �o�f� �e�x�p�a�n�s�i�o�n� �o�f� �t�h�e� �n�e�t�w�o�r�k�s� �d�e�c�r�e�a�s�e�d� �a�s� �t�h�e� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �d�e�c�r�e�a�s�e�d� �d�u�e� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �c�r�o�s�s�l�i�n�k� �d�e�n�s�i�t�y�.� �T�h�e� 

�m�a�l�e�i�m�i�d�e� �t�e�r�m�i�n�a�t�e�d� �o�l�i�g�o�m�e�r�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�s�)� �c�a�n� �b�e� �d�i�r�e�c�t�l�y� 

�b�l�e�n�d�e�d� �w�i�t�h� �m�o�n�o�m�e�r�i�c� �b�i�s�m�a�l�e�i�m�i�d�e�s� �s�u�c�h� �a�s� �b�i�s�m�a�l�e�i�m�i�d�o�d�i�p�h�e�n�y�l�m�e�t�h�a�n�e� 

�(�1�1�7�,�1�1�8�)�.� �B�y� �v�a�r�y�i�n�g� �t�h�e� �b�l�e�n�d� �c�o�m�p�o�s�i�t�i�o�n�,� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� �r�e�s�u�l�t�i�n�g� 
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�O� 

� � 

� � 

�°� �C�H�C�!� �N�H ��A�r�-�H�N� 

�|� �(�0� �+� �H�j�N�-�A�r�-�N�H�,� �3�,� �f�f� �|� 
�D�M�F� �o�r� �T�o�l�u�e�n�e� �O�H� �H�O� 

�0� �O� 
�B�i�s�m�a�l�e�a�m�i�c� �A�c�i�d� 

�(�1�)� �H�O�A�c� �(�1�)� �A�C�.�0�,� �N�a�O�A�c� �/� �9�0�°�C� 
�o�r� �o�r� 

�(�2�)� �D�M�F� �/� �H�e�a�t� �(�2�)� �D�M�F�,� �N�a�O�A�c� 
�o�r� 

�(�3�)� �H�e�a�t� 

�y� 

�O� �O� 

�|� �N ��A�r ��N�_� �|� 

�O� �O� 

�B�i�s�m�a�l�e�i�m�i�d�e� 

�S�c�h�e�m�e� �1�4� �V�a�r�i�o�u�s� �m�e�t�h�o�d�s� �a�v�a�i�l�a�b�l�e� �f�o�r� �t�h�e� �c�o�n�v�e�r�s�i�o�n� �o�f� �a�m�i�n�e�s� �t�o� 
�m�a�l�e�i�m�i�d�e�s� �(�1�1�6�)� 

�n�e�t�w�o�r�k� �s�u�c�h� �a�s� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s�,� �c�r�o�s�s�l�i�n�k�e�d� �d�e�n�s�i�t�y�,� �a�n�d� �r�u�b�b�e�r�y� 

�m�o�d�u�l�u�s� �c�a�n� �b�e� �c�o�n�t�r�o�l�l�e�d�.� 

�A�n�o�t�h�e�r� �m�e�t�h�o�d� �w�h�i�c�h� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �t�o�u�g�h�n�e�s�s� �o�f� 

�b�r�i�t�t�l�e� �m�a�l�e�i�m�i�d�e� �n�e�t�w�o�r�k�s� �h�a�s� �b�e�e�n� �t�o� �i�n�c�o�r�p�o�r�a�t�e� �a�r�o�m�a�t�i�c� �d�i�a�m�i�n�o� �c�o�m�p�o�u�n�d�s� 

�o�r� �a�m�i�n�e� �t�e�r�m�i�n�a�t�e�d� �o�l�i�g�o�m�e�r�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �w�i�t�h� �m�o�n�o�m�e�r�i�c� 

�b�i�s�m�a�l�e�i�m�i�d�e�s�(�1�1�9�-�1�2�2�)�.� �I�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�m�i�n�e�s�,� �m�a�l�e�i�m�i�d�e�s� �m�a�y� �c�h�a�i�n� 

�e�x�t�e�n�d� �b�y� �a� �M�i�c�h�a�e�l� �a�d�d�i�t�i�o�n� �r�e�a�c�t�i�o�n�.� �T�h�e� �c�h�a�i�n� �e�x�t�e�n�d�e�d� �s�p�e�c�i�e�s� �t�h�e�n� �u�n�d�e�r�g�o� 

�c�r�o�s�s�l�i�n�k�i�n�g� �r�e�a�c�t�i�o�n�s� �i�f� �a�n� �e�x�c�e�s�s� �b�i�s�m�a�l�e�i�m�i�d�e�s� �i�s� �u�s�e�d� �t�o� �f�o�r�m� �n�e�t�w�o�r�k�s�.� �T�h�e� 

�r�e�a�c�t�i�o�n� �i�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �1�5�.� 
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�A�n�o�t�h�e�r� �a�p�p�r�o�a�c�h� �t�o� �t�o�u�g�h�e�n� �b�r�i�t�t�l�e� �b�i�s�m�a�l�e�i�m�i�d�e�s� �h�a�s� �b�e�e�n� �t�o� 

�i�n�c�o�r�p�o�r�a�t�e� �a�l�l�y�l�p�h�e�n�y�l� �c�o�m�o�n�o�m�e�r�s�(�1�2�3�,�1�2�4�)�.� �I�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a�l�l�y�i�p�h�e�n�y�!� 

�m�o�n�o�m�e�r�s�,� �D�i�e�l�s� �A�l�d�e�r� �r�e�a�c�t�i�o�n�s� �a�r�e� �p�r�o�p�o�s�e�d� �t�o� �t�a�k�e� �p�l�a�c�e�,� �a�s� �i�s� �s�h�o�w�n� �i�n� 

�S�c�h�e�m�e� �1�6�.� �T�h�e� �m�e�c�h�a�n�i�s�m� �w�h�i�c�h� �h�a�s� �b�e�e�n� �p�r�o�p�o�s�e�d� �i�n�v�o�l�v�e� �t�h�e� �a�l�l�y�l� �g�r�o�u�p� 

�r�e�a�c�t�i�n�g� �w�i�t�h� �t�h�e� �o�l�e�f�i�n� �b�o�n�d�s� �o�f� �m�a�l�e�i�m�i�d�e�s� �w�h�i�c�h� �r�e�s�u�l�t� �i�n� �a�n� �e�n�e� �a�d�d�u�c�t�,� �t�h�i�s� 

�a�d�d�u�c�t� �r�e�a�c�t�s� �f�u�r�t�h�e�r� �w�i�t�h� �e�x�c�e�s�s� �m�a�l�e�i�m�i�d�e�s� �a�n�d� �r�e�a�r�o�m�a�t�i�z�a�t�i�o�n� �r�e�s�u�l�t� �i�n� �t�h�e� 

�f�o�r�m�a�t�i�o�n� �o�f� �a� �n�e�t�w�o�r�k�.� �T�h�e� �m�o�d�i�f�i�e�d� �n�e�t�w�o�r�k�s� �s�h�o�w�e�d� �i�m�p�r�o�v�e�d� �f�l�e�x�u�r�a�l� 

�s�t�r�e�n�g�t�h� �a�n�d� �f�l�e�x�u�r�a�l� �s�t�r�a�i�n� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �c�o�m�o�n�o�m�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� �T�h�e� 

�f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �i�n�c�r�e�a�s�e�d� �a�s� �m�o�r�e� �o�f� �t�h�e� �c�o�m�o�m�e�r� �w�a�s� �i�n�c�o�r�p�o�r�a�t�e�d� �w�i�t�h� �a� 

�m�a�x�i�m�u�m� �a�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4�0� �p�e�r�c�e�n�t�.� �T�h�e� �m�o�i�s�t�u�r�e� �a�b�s�o�r�p�t�i�o�n� �a�l�s�o� �d�e�c�r�e�a�s�e�d� 

�a�s� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �c�o�m�o�n�o�m�e�r� �i�n�c�r�e�a�s�e�d�,� �b�u�t� �t�h�e� �T�g� �o�f� �t�h�e� �m�o�d�i�f�i�e�d� 

�n�e�t�w�o�r�k� �d�e�a�c�r�e�a�s�e�d� �a�s� �m�o�r�e� �o�f� �t�h�e� �c�o�m�o�n�o�m�e�r� �w�a�s� �i�n�c�o�r�p�o�r�a�t�e�d�.� �W�i�l�k�i�n�s�o�n� �e�t� 

�a�l�.�(�1�2�5�)� �h�a�v�e� �r�e�p�o�r�t�e�d� �t�o�u�g�h�e�n�i�n�g� �o�f� �c�o�m�m�e�r�c�i�a�l� �m�e�t�h�y�l�e�n�e� �d�i�a�n�i�l�i�n�e� �b�a�s�e�d� 

�b�i�s�m�a�l�e�i�m�i�d�e� �/� �0�,�0�'�-�d�i�a�l�l�y�l�b�i�s�p�h�e�n�o�l�-�A� �r�e�s�i�n� �s�y�s�t�e�m� �w�i�t�h� �v�a�r�i�o�u�s� �t�h�e�r�m�o�p�l�a�s�t�i�c� 

�m�o�d�i�f�i�e�r�s�.� �T�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �t�h�e�r�m�o�p�l�a�s�t�i�c� �m�o�d�i�f�i�e�r� �w�a�s� �v�a�r�i�e�d� �a�s� �w�e�l�l� �a�s� �t�h�e� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �e�n�d� �g�r�o�u�p�,� �a�n�d� �t�h�e� �a�m�o�u�n�t� �o�f� �t�h�e� �t�h�e�r�m�o�p�l�a�s�t�i�c� �m�o�d�i�f�i�e�r� 

�i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �r�e�s�i�n�.� �A�s� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �t�h�e� �t�h�e�r�m�o�p�l�a�s�t�i�c� �m�o�d�i�f�i�e�r� 

�i�n�c�r�e�a�s�e�d�,� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �a�l�s�o� �i�n�c�r�e�a�s�e�d�.� �W�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�h�e� 

�t�h�e�r�m�o�p�l�a�s�t�i�c� �m�o�d�i�f�i�e�r�,� �h�i�g�h�e�r� �T�g� �t�h�e�r�m�o�p�l�a�s�t�i�c�s� �r�e�s�u�l�t�e�d� �i�n� �a� �l�o�w�e�r� �f�r�a�c�t�u�r�e� 

�t�o�u�g�h�n�e�s�s� �v�a�l�u�e� �f�o�r� �t�h�e� �m�o�d�i�f�i�e�d� �n�e�t�w�o�r�k�s�.� �T�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �e�n�d� �g�r�o�u�p�s� �a�l�s�o� 

�i�n�f�l�u�e�n�c�e�d� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s�,� �t�h�e�r�m�o�p�l�a�s�t�i�c� �w�i�t�h� �r�e�a�c�t�i�v�e� �a�m�i�n�e� �e�n�d� �g�r�o�u�p�s� 

�r�e�s�u�l�t�e�d� �i�n� �a� �h�i�g�h�e�r� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �t�h�a�n� �f�o�r� �t�h�o�s�e� �n�e�t�w�o�r�k�s� �w�h�i�c�h� �w�e�r�e� 

�m�o�d�i�f�i�e�d� �w�i�t�h� �u�n�r�e�a�c�t�i�v�e� �e�n�d� �g�r�o�u�p�s�.� �T�h�e� �m�o�r�p�h�o�l�o�g�y� �o�f� �t�h�e� �m�o�d�i�f�i�e�d� �n�e�t�w�o�r�k� 

�w�a�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �a�m�o�u�n�t� �(�w�t�%�)� �o�f� �t�h�e� �t�h�e�r�m�o�p�l�a�s�t�i�c� �t�h�a�t� �w�a�s� �i�n�c�o�r�p�o�r�a�t�e�d�.� 

�B�e�l�o�w� �1�5�%�,� �a� �t�w�o� �p�h�a�s�e� �m�o�r�p�h�o�l�o�g�y� �w�a�s� �o�b�t�a�i�n�e�d� �i�n� �w�h�i�c�h� �m�i�c�r�o�n� �s�i�z�e� �p�a�r�t�i�c�l�e�s� 
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�o�f� �t�h�e� �t�h�e�r�m�o�p�l�a�s�t�i�c� �w�a�s� �d�i�s�p�e�r�s�e�d� �i�n� �t�h�e� �m�a�l�e�i�m�i�d�e� �n�e�t�w�o�r�k�.� �A�t� �a�p�p�r�o�x�i�m�a�t�e�l�y� 

�1�5�%�,� �a� �p�h�a�s�e� �i�n�v�e�r�s�i�o�n� �o�c�c�u�r�r�e�d� �a�n�d� �f�o�r� �t�h�e� �2�0�,� �2�5� �a�n�d� �3�0� �p�e�r�c�e�n�t� �i�n�c�o�r�p�o�r�a�t�i�o�n�,� 

�a� �p�h�a�s�e� �i�n�v�e�r�t�e�d� �m�o�r�p�h�o�l�o�g�y� �w�a�s� �o�b�t�a�i�n�e�d� �i�n� �w�h�i�c�h� �t�h�e� �t�h�e�r�m�o�p�l�a�s�t�i�c� �w�a�s� �t�h�e� 

�c�o�n�t�i�n�u�o�u�s� �p�h�a�s�e� �a�n�d� �e�p�o�x�y� �a�s� �t�h�e� �d�i�s�c�r�e�t�e� �p�h�a�s�e�.� 

�O� �O� 

�C�y�n� �O� �+� �H�o�N ��A�r ��N�H�,� 

�O� �O� 
�E�x�c�e�s�s� 

�O� �O� �U�N�H ��A�r ��N�H�\� �9� �0� 
�O�r�  ��A�r �� �o�y� �r�e�  ��A�r �� �r�e� 

�O� �O� �O� �O� 

�O� �O� 

�O�  ��A�r �� �O� 

�O� �O� 

�'� � � 
�O� �O� �J� �J�N�H ��A�r ��N�H�.� �Q� �O� 

�T�e�  ��y�e�a�s� 
�O� �O� �O� �O� 

�S�c�h�e�m�e� �1�5� �M�i�c�h�a�e�l� �a�d�d�i�t�i�o�n� �o�f� �a�m�i�n�e�s� �w�i�t�h� �m�a�l�e�i�m�i�d�e�s� �f�o�l�l�o�w�e�d� �b�y� �n�e�t�w�o�r�k� 
�f�o�r�m�a�t�i�o�n� �o�f� �m�a�l�e�i�m�i�d�e�s� �(�1�1�9�)



�O�y� �n�f� 

�S�c�h�e�m�e� �1�6� �N�e�t�w�o�r�k� �f�o�r�m�a�t�i�o�n� �f�r�o�m� �D�i�e�l�s� �A�l�d�e�r� �r�e�a�c�t�i�o�n� �o�f� �a�l�l�y�l�p�h�e�n�y�l�s� �w�i�t�h� 
�m�a�l�e�i�m�i�d�e�s� �(�1�2�3�)� 
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�2�.�1�0�.�3� �E�p�o�x�i�e�s� 

�E�p�o�x�i�e�s� �a�r�e� �a�n�o�t�h�e�r� �c�l�a�s�s� �o�f� �f�u�n�c�t�i�o�n�a�l� �g�r�o�u�p� �t�h�a�t� �c�a�n� �u�n�d�e�r�g�o� 

�c�r�o�s�s�l�i�n�k�i�n�g� �r�e�a�c�t�i�o�n�s� �w�i�t�h� �c�u�r�i�n�g� �a�g�e�n�t�s� �t�o� �a�f�f�o�r�d� �n�e�t�w�o�r�k�s�.� �S�o�m�e� �o�f� �t�h�e� 

�c�o�m�m�o�n� �e�p�o�x�y� �r�e�s�i�n�s� �t�h�a�t� �a�r�e� �c�o�m�m�e�r�c�i�a�l�l�y� �a�v�a�i�l�a�b�l�e� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �5�.� 

�A�l�t�h�o�u�g�h� �e�p�o�x�i�e�s� �w�e�r�e� �i�n�i�t�i�a�l�l�y� �u�t�l�i�z�e�d� �a�s� �c�o�a�t�i�n�g� �a�n�d� �a�d�h�e�s�i�v�e�s�,� �i�t�s� �s�c�o�p�e� �o�f� 

�a�p�p�l�i�c�a�t�i�o�n� �h�a�s� �e�x�p�a�n�d�e�d� �t�o� �e�n�c�a�p�s�u�l�a�t�i�o�n� �o�f� �e�l�e�c�t�r�i�c�a�l� �a�n�d� �e�l�e�c�t�r�o�n�i�c� 

�c�o�m�p�o�n�e�n�t�s�.� 

�O�H� �C�H� �O�o� �P�n� �C�H�s� �|� �3� �y�s� 
�C�i�p �� �C�H�C�H�.� �4�0� �.� �)�  �� �)� �O�-�C�H�,�C�H�C�H�,�  ��O� �O�-�C�H�,�C�H�  ��C�H�,� 

�C�H�,� �C�H�,� 

�l�y�c�i� �B�i�s�p�h�e�n�g�l�-�A� 

�O�o�  ��N� �D�P� 
�C�H�a �� �a�N� �o�t�e�c�h�  ��C�H�s� 

 �� �5� �C�H�C�H�S� �p�o� �p�n� �N�o�u� �c�H� �o�t�e� 
�N�o �� 

�l�y�c�i�d�a�t�e�d� �P�o�l�y�a�m�i�n�e� 

�r� 

�~ ��o�-� �~�c�H�o�h� �N�u� 

�t� �O�-�C�H�,� �c�t� 
�c�y� �C�r�:� �c ��O�-� �C�H�C� �r�i� 

�F�i�g�u�r�e� �5� �C�o�m�m�o�n�l�y� �u�t�i�l�i�z�e�d� �e�p�o�x�y� �r�e�s�i�n�s� �(�1�2�6�)� 
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�R�e�c�e�n�t�l�y�,� �e�p�o�x�i�e�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �i�n�v�e�s�t�i�g�a�t�e�d� �a�s� �a� �p�o�s�s�i�b�l�e� �c�a�n�d�i�d�a�t�e� �f�o�r� 

�a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �f�i�b�e�r� �r�e�i�n�f�o�r�c�e�d� �c�o�m�p�o�s�i�t�e�s�.� �S�o�m�e� �o�f� �t�h�e� �a�t�t�r�a�c�t�i�v�e� �p�r�o�p�e�r�t�i�e�s� �o�f� 

�e�p�o�x�i�e�s� �a�r�e�:� 

�¢� �E�x�c�e�l�l�e�n�t� �a�d�h�e�s�i�o�n� �t�o� �a� �v�a�r�i�e�t�y� �o�f� �s�u�b�s�t�r�a�t�e�s� �a�n�d� �r�e�i�n�f�o�r�c�e�m�e�n�t�s� 

�¢� �L�o�w� �s�h�r�i�n�k�a�g�e� �o�n� �c�u�r�e� 

�¢� �N�o� �v�o�l�a�t�i�l�e�s� �g�i�v�e�n� �o�f�f� �d�u�r�i�n�g� �t�h�e� �c�u�r�i�n�g� �p�r�o�c�e�s�s� 

�¢� �G�o�o�d� �d�i�m�e�n�s�i�o�n�a�l� �s�t�a�b�i�l�i�t�y� 

�¢� �G�o�o�d� �c�h�e�m�i�c�a�l� �r�e�s�i�s�t�a�n�c�e� 

�*� �G�o�o�d� �m�e�c�h�a�n�i�c�a�l� �a�n�d� �e�l�e�c�t�r�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� 

�V�a�r�i�o�u�s� �c�u�r�i�n�g� �a�g�e�n�t�s� �c�a�n� �b�e� �u�s�e�d� �f�o�r� �t�h�e� �c�u�r�i�n�g� �o�f� �e�p�o�x�i�e�s�,� �c�o�m�m�o�n� �c�u�r�i�n�g� 

�a�g�e�n�t�s� �a�r�e� �a�l�i�p�h�a�t�i�c� �a�n�d� �a�r�o�m�a�t�i�c� �a�m�i�n�e�s�,� �c�y�c�l�i�c� �a�n�h�y�d�r�i�d�e�s�,� �i�m�i�d�a�z�o�l�e�s�,� 

�d�i�c�y�a�n�d�i�a�m�i�d�e� �a�n�d� �L�e�w�i�s� �a�c�i�d� �w�h�i�c�h� �a�r�e� �t�y�p�i�c�a�l�l�y� �b�o�r�o�n� �t�r�i�f�l�u�o�r�i�d�e� �c�o�m�p�l�e�x�e�s� 

�(�1�2�6�)�.� �O�f� �t�h�e�s�e�,� �o�n�l�y� �t�h�e� �a�m�i�n�e� �c�u�r�i�n�g� �a�g�e�n�t�s� �a�n�d� �t�h�e� �m�e�c�h�a�n�i�s�m�s� �b�y� �w�h�i�c�h� 

�t�h�e�y� �p�a�r�t�i�c�i�p�a�t�e� �i�n� �c�u�r�i�n�g� �r�e�a�c�t�i�o�n�s� �w�i�l�l� �b�e� �a�d�d�r�e�s�s�e�d�.� 

�A�l�l� �a�l�i�p�h�a�t�i�c�,� �c�y�c�l�o�a�l�i�p�h�a�t�i�c� �a�n�d� �a�r�o�m�a�t�i�c� �a�m�i�n�e�s� �r�e�a�c�t� �w�i�t�h� �e�p�o�x�i�d�e�s� 

�w�i�t�h�o�u�t� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �b�y�-�p�r�o�d�u�c�t�s�.� �S�c�h�e�c�h�t�e�r� �e�t� �a�l�.� �(�1�2�7�)� �r�e�p�o�r�t�e�d� �t�h�a�t� 

�r�e�a�c�t�i�o�n� �o�f� �a�m�i�n�e�s� �w�i�t�h� �e�p�o�x�i�d�e� �r�i�n�g� �p�r�o�c�e�e�d�s� �a�c�c�o�r�d�i�n�g� �t�o� �S�c�h�e�m�e� �1�7�.� �T�h�e� 

�i�n�i�t�i�a�l� �s�t�e�p� �i�n�v�o�l�v�e�s� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �t�h�e� �p�r�i�m�a�r�y� �a�m�i�n�e� �w�i�t�h� �t�h�e� �e�p�o�x�i�d�e�,� �t�h�i�s� 

�r�e�s�u�l�t�s� �i�n� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �a� �s�e�c�o�n�d�a�r�y� �a�m�i�n�e� �a�n�d� �a� �s�e�c�o�n�d�a�r�y� �a�l�c�o�h�o�l�.� �T�h�e� 

�r�e�s�u�l�t�i�n�g� �s�e�c�o�n�d�a�r�y� �a�m�i�n�e� �r�e�a�c�t�s� �f�u�r�t�h�e�r� �w�i�t�h� �a�n�o�t�h�e�r� �e�p�o�x�i�d�e� �t�o� �p�r�o�d�u�c�e� �a� 

�t�e�r�t�i�a�r�y� �a�m�i�n�e� �a�n�d� �a�n�o�t�h�e�r� �s�e�c�o�n�d�a�r�y� �a�l�c�o�h�o�l�.� �T�h�e� �r�e�a�c�t�i�o�n� �o�f� �t�h�e� �s�e�c�o�n�d�a�r�y� 

�a�m�i�n�e� �w�i�t�h� �e�p�o�x�i�d�e� �i�s� �s�l�o�w�e�r� �d�u�e� �t�o� �t�h�e� �s�t�e�r�i�c� �h�i�n�d�e�r�a�n�c�e� �a�b�o�u�t� �t�h�e� �n�i�t�r�o�g�e�n� 

�a�t�o�m� �(�1�2�8�)�.� �T�h�e� �r�e�a�c�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �s�e�c�o�n�d�a�r�y� �a�l�c�o�h�o�l� �a�n�d� �e�p�o�x�i�d�e� �h�a�s� �b�e�e�n� 

�s�h�o�w�n� �t�o� �b�e� �n�e�g�l�i�g�i�b�l�e� �f�o�r� �m�o�s�t� �s�t�o�i�c�h�i�o�m�e�t�r�i�c� �a�m�i�n�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �(�1�2�9�)�.� �D�u�e� 
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�t�o� �a� �g�r�e�a�t�e�r� �n�u�c�l�e�o�p�h�i�l�i�c�i�t�y�,� �a�l�i�p�h�a�t�i�c� �a�m�i�n�e�s� �r�e�a�c�t� �m�o�r�e� �r�a�p�i�d�l�y� �w�i�t�h� �e�p�o�x�i�d�e�s� 

�t�h�a�n� �a�r�o�m�a�t�i�c� �a�m�i�n�e�s� �.� �I�n� �g�e�n�e�r�a�l�,� �l�i�n�e�a�r� �a�l�i�p�h�a�t�i�c� �a�m�i�n�e�s� �c�u�r�e� �e�p�o�x�y� �r�e�s�i�n�s� 

�r�a�p�i�d�l�y� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�,� �t�h�u�s�,� �t�h�e�y� �a�r�e� �t�h�e� �c�u�r�i�n�g� �a�g�e�n�t� �u�s�e�d� �i�n� �t�h�e� �e�p�o�x�y� �o�r� 

�c�r�a�z�y� �g�l�u�e�.� �C�y�c�l�o�a�l�i�p�h�a�t�i�c� �a�m�i�n�e�s� �s�u�c�h� �a�s� �p�y�p�e�r�i�d�i�n�e� �a�r�e� �m�o�r�e� �h�i�n�d�e�r�e�d� �t�h�a�n� 

�l�i�n�e�a�r� �a�l�i�p�h�a�t�i�c� �a�m�i�n�e�s� �a�n�d� �r�e�a�c�t� �m�o�r�e� �s�l�o�w�l�y� �a�n�d� �r�e�q�u�i�r�e� �h�e�a�t� �f�o�r� �c�u�r�i�n�g�.� 

�A�r�o�m�a�t�i�c� �a�m�i�n�e�s� �r�e�a�c�t� �w�i�t�h� �e�p�o�x�i�d�e�s� �m�o�r�e� �s�l�o�w�l�y� �t�h�a�n� �a�l�i�p�h�a�t�i�c� �a�n�d� 

�c�y�c�l�o�a�l�i�p�h�a�t�i�c� �a�m�i�n�e�s� �a�n�d� �u�s�u�a�l�l�y� �a�r�e� �c�u�r�e�d� �a�t� �e�l�e�v�a�t�e�d� �t�e�m�p�e�r�a�t�u�r�e�s� �9�3�-�1�7�7�°�C�.� 

�D�u�e� �t�o� �a� �l�o�w�e�r� �r�e�a�c�t�i�v�i�t�y� �o�f� �a�r�o�m�a�t�i�c� �a�m�i�n�e�s� �w�i�t�h� �e�p�o�x�i�d�e�s�,� �i�t� �i�s� �u�s�u�a�l�l�y� �p�o�s�s�i�b�l�e� 

�t�o� �o�b�t�a�i�n� �a� �u�s�a�b�l�e� �s�o�l�i�d� �B�-�s�t�a�g�e� �(�t�h�e�r�m�o�p�l�a�s�t�i�c�)� �w�i�t�h� �e�x�t�e�n�d�e�d� �s�t�o�r�a�g�e� �l�i�f�e�.� 

�P�a�r�t�i�a�l�l�y� �c�u�r�e�d� �m�a�t�e�r�i�a�l� �m�a�y� �h�a�v�e� �a� �s�t�o�r�a�g�e� �l�i�f�e� �o�f� �1�-�2� �w�e�e�k�s� �a�t� �r�o�o�m� 

�t�e�m�p�e�r�a�t�u�r�e�.� 
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�S�c�h�e�m�e� �1�7� �M�e�c�h�a�n�i�s�m� �o�f� �r�e�a�c�t�i�o�n� �o�f� �a�n� �a�m�i�n�e� �w�i�t�h� �a�n� �e�p�o�x�i�d�e� �(�1�2�7�)� 

�6�8



�D�e�s�p�i�t�e� �t�h�e� �a�t�t�r�a�c�t�i�v�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �e�p�o�x�y� �n�e�t�w�o�r�k�s�,� �t�h�e�y� �a�r�e� �i�n�h�e�r�e�n�t�l�y� 

�v�e�r�y� �b�r�i�t�t�l�e� �w�h�i�c�h� �l�i�m�i�t� �t�h�e�i�r� �u�t�i�l�i�t�y�.� �I�n�c�l�u�s�i�o�n� �o�f� �r�u�b�b�e�r� �p�a�r�t�i�c�l�e�s� �h�a�v�e� �b�e�e�n� �u�t�i�l�i�z�e�d� 

�t�o� �i�m�p�r�o�v�e� �t�h�e� �t�o�u�g�h�n�e�s�s� �o�f� �e�p�o�x�y� �n�e�t�w�o�r�k�s� �(�1�3�0�-�1�3�5�)�.� �T�h�i�s� �i�s� �a�c�h�i�e�v�e�d� �b�y� 

�c�o�-�r�e�a�c�t�i�n�g� �v�a�r�i�o�u�s� �a�m�o�u�n�t�s� �o�f� �a� �o�l�i�g�o�m�e�r�i�c� �r�u�b�b�e�r�y� �c�o�m�p�o�n�e�n�t�.� �T�h�e� �m�o�s�t� 

�c�o�m�m�o�n�l�y� �u�t�i�l�i�z�e�d� �r�u�b�b�e�r�y� �c�o�m�p�o�n�e�n�t� �i�s� �t�h�e� �c�a�r�b�o�x�y�!� �t�e�r�m�i�n�a�t�e�d� �b�u�t�a�d�i�e�n�e� 

�a�c�r�y�l�o�n�i�t�r�i�l�e� �c�o�p�o�l�y�m�e�r� �(�C�T�B�N�)� �o�r� �t�h�e� �a�m�i�n�e� �t�e�r�m�i�n�a�t�e�d� �b�u�t�a�d�i�e�n�e� �a�c�r�y�l�o�n�i�t�r�i�l�e� 

�c�o�m�p�o�l�y�m�e�r� �(�A�T�B�N�)�.� �I�n�i�t�i�a�l�l�l�y�,� �t�h�e� �r�u�b�b�e�r�,� �e�p�o�x�y�,� �a�n�d� �t�h�e� �c�u�r�i�n�g� �a�g�e�n�t� �f�o�r�m�s� �a� 

�h�o�m�o�g�e�n�e�o�u�s� �m�i�x�t�u�r�e�.� �D�u�r�i�n�g� �t�h�e� �c�u�r�i�n�g� �p�r�o�c�e�s�s�,� �t�h�e� �r�u�b�b�e�r� �p�h�a�s�e� �s�e�p�a�r�a�t�e�s� 

�a�n�d� �f�o�r�m� �d�i�s�c�r�e�t�e� �m�i�c�r�o�n� �p�a�r�t�i�c�l�e�s� �(�1�3�6�-�1�3�8�)�.� �T�h�e� �m�o�d�i�f�i�e�d� �n�e�t�w�o�r�k� �f�r�o�m� �t�h�e� 

�i�n�c�l�u�s�i�o�n� �o�f� �a� �r�u�b�b�e�r�y� �c�o�m�p�o�n�e�n�t� �h�a�s� �b�e�e�n� �s�h�o�w�n� �t�o� �d�r�a�m�a�t�i�c�a�l�l�y� �i�m�p�r�o�v�e� �t�h�e� 

�f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �o�f� �t�h�e� �e�p�o�x�y� �n�e�t�w�o�r�k�.� �T�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �h�a�s� �b�e�e�n� 

�s�h�o�w�n� �t�o� �b�e� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �t�e�s�t�i�n�g� �r�a�t�e� �(�1�3�9�)�,� �t�e�m�p�e�r�a�t�u�r�e� �(�1�4�0�)�,� �c�r�o�s�s�l�i�n�k� 

�d�e�n�s�i�t�y� �(�1�4�1�)�,� �v�o�l�u�m�e� �f�r�a�c�t�i�o�n� �o�f� �r�u�b�b�e�r� �(�1�1�0�)�,� �a�n�d� �t�h�e� �n�a�t�u�r�e� �o�f� �t�h�e� �c�u�r�i�n�g� �a�g�e�n�t� 

�(�1�4�2�,�1�4�3�)�.� �E�v�e�n� �t�h�o�u�g�h� �i�t� �i�s� �w�i�d�e�l�y� �a�c�c�e�p�t�e�d� �t�h�a�t� �i�n�c�l�u�s�i�o�n� �o�f� �r�u�b�b�e�r�y� �p�a�r�t�i�c�l�e�s� 

�i�m�p�r�o�v�e� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �o�f� �e�p�o�x�y� �n�e�t�w�o�r�k�s�,� �t�h�e� �m�e�c�h�a�n�i�s�m�(�s�)� �t�o� �a�c�c�o�u�n�t� 

�f�o�r� �t�h�e� �t�o�u�g�h�n�e�s�s� �h�a�v�e� �n�o�t� �b�e�e�n� �c�l�e�a�r� �a�n�d� �t�h�e�r�e� �s�t�i�l�l� �e�x�i�s�t� �c�o�n�t�r�o�v�e�r�s�i�e�s� �(�1�4�4�-� 

�1�4�9�)�.� �O�f�t�e�n� �m�o�r�e� �t�h�a�n� �o�n�e� �m�e�c�h�a�n�i�s�m� �a�c�t�i�n�g� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� �h�a�v�e� �b�e�e�n� 

�r�e�p�o�r�t�e�d� �t�o� �e�x�p�l�a�i�n� �t�h�e� �t�o�u�g�h�e�n�i�n�g� �e�f�f�e�c�t� �o�f� �t�h�e� �r�u�b�b�e�r�y� �p�a�r�t�i�c�l�e�s� �(�1�5�0�-�1�5�1�)�.� �T�h�e� 

�g�e�n�e�r�a�l� �c�o�n�c�e�p�t� �w�h�i�c�h� �h�a�s� �b�e�e�n� �a�g�r�e�e�d� �b�y� �m�a�n�y� �r�e�s�e�a�r�c�h�e�r�s� �i�s� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� 

�c�r�o�s�s�l�i�n�k� �d�e�n�s�i�t�y� �o�r� �t�h�e� �n�u�m�b�e�r� �a�v�e�r�a�g�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �b�e�t�w�e�e�n� �c�r�o�s�s�l�i�n�k� 

�s�i�t�e�s� �<�M�c�>�.� �I�t� �h�a�s� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �i�t� �i�s� �t�h�e� �p�l�a�s�t�i�c� �d�e�f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� 

�m�a�t�r�i�x� �s�u�c�h� �a�s� �c�r�a�z�i�n�g�,� �v�o�i�d�i�n�g� �a�n�d� �s�h�e�a�r� �y�i�e�l�d�i�n�g� �w�h�i�c�h� �m�a�y� �b�e� �t�h�e� �m�a�i�n� �s�o�u�r�c�e� 

�f�o�r� �t�h�e� �t�o�u�g�h�e�n�i�n�g� �b�y� �t�h�e� �i�n�c�l�u�s�i�o�n� �o�f� �t�h�e� �r�u�b�b�e�r� �p�a�r�t�i�c�l�e�s� �i�n�t�o� �t�h�e� �e�p�o�x�y� �n�e�t�w�o�r�k�s� 

�(�1�4�1�,�1�5�2�-�1�5�4�)�.� �T�r�u�o�n�g� �e�t� �a�l�.� �(�1�5�5�)� �h�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �f�o�r� �u�n�m�o�d�i�f�i�e�d� �e�p�o�x�y� 

�n�e�t�w�o�r�k�s�,� �t�h�e� �c�r�o�s�s�l�i�n�k� �d�e�n�s�i�t�y� �c�a�n� �b�e� �v�a�r�i�e�d� �b�y� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� �c�u�r�i�n�g� �c�y�c�l�e�s�.� 
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�T�h�e�y� �o�b�s�e�r�v�e�d� �t�h�a�t� �a� �l�o�n�g� �c�u�r�e� �a�t� �a� �l�o�w� �t�e�m�p�e�r�a�t�u�r�e� �r�e�s�u�l�t�e�d� �i�n� �a� �n�e�t�w�o�r�k� �w�i�t�h� �a� 

�l�o�w� �n�u�m�b�e�r� �a�v�e�r�a�g�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �b�e�t�w�e�e�n� �c�r�o�s�s�l�i�n�k�e�d� �s�i�t�e�s�.� �A� �s�h�o�r�t� �c�u�r�e� �a�t� 

�h�i�g�h� �t�e�m�p�e�r�a�t�u�r�e�s� �r�e�s�u�l�t�e�d� �i�n� �a� �n�e�t�w�o�r�k� �w�i�t�h� �a� �h�i�g�h�e�r� �n�u�m�b�e�r� �a�v�e�r�a�g�e� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �b�e�t�w�e�e�n� �c�r�o�s�s�l�i�n�k�e�d� �s�i�t�e�s� �w�h�i�c�h� �c�a�n� �b�e� �r�e�d�u�c�e�d� �w�i�t�h� �a� �s�u�b�s�e�q�u�e�n�t� �c�u�r�e�.� 

�A�s� �t�h�e� �n�e�t�w�o�r�k� �b�e�c�o�m�e�s� �m�o�r�e� �b�r�i�t�t�l�e� �(�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �b�e�t�w�e�e�n� �c�r�o�s�s�l�i�n�k� �s�i�t�e� 

�d�e�c�r�e�a�s�e�s�)�,� �t�h�e� �e�p�o�x�y� �n�e�t�w�o�r�k� �i�s� �l�e�s�s� �a�b�l�e� �t�o� �u�n�d�e�r�g�o� �p�l�a�s�t�i�c� �d�e�f�o�r�m�a�t�i�o�n�s�.� 

�T�h�i�s� �i�s� �t�h�e� �r�e�a�s�o�n� �w�h�y� �i�n�c�l�u�s�i�o�n� �o�f� �r�u�b�b�e�r� �p�a�r�t�i�c�l�e�s� �i�m�p�r�o�v�e� �t�h�e� �f�r�a�c�t�u�r�e� 

�t�o�u�g�h�n�e�s�s� �o�f� �e�p�o�x�y� �n�e�t�w�o�r�k�s� �f�r�o�m� �d�i�f�u�n�c�t�i�o�n�a�l� �e�p�o�x�y� �r�e�s�i�n�s�,� �h�o�w�e�v�e�r�,� �a�t�t�e�m�p�t�s� 

�t�o� �t�o�u�g�h�e�n� �t�e�t�r�a�f�u�n�c�t�i�o�n�a�l� �e�p�o�x�y� �r�e�s�i�n�s� �h�a�v�e� �p�r�o�v�e�n� �t�o� �b�e� �m�u�c�h� �l�e�s�s� �s�u�c�c�e�s�s�f�u�l� 

�d�u�e� �t�o� �a� �d�e�c�r�e�a�s�e�d� �a�b�i�l�i�t�y� �o�f� �t�h�e� �e�p�o�x�y� �n�e�t�w�o�r�k� �t�o� �u�n�d�e�r�g�o� �p�l�a�s�t�i�c� �d�e�f�o�r�m�a�t�i�o�n�.� 

�A�l�t�h�o�u�g�h� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �h�a�s� �b�e�e�n� �o�b�t�a�i�n�e�d� �b�y� 

�c�o�-�r�e�a�c�t�i�n�g� �r�u�b�b�e�r� �w�i�t�h� �e�p�o�x�y� �r�e�s�i�n�s�,� �a� �s�m�a�l�l� �a�m�o�u�n�t� �o�f� �r�u�b�b�e�r� �r�e�m�a�i�n�s� �i�n� �t�h�e� 

�e�p�o�x�y� �n�e�t�w�o�r�k�.� �T�h�i�s� �r�e�s�u�l�t�s� �i�n� �t�h�e� �l�o�w�e�r�i�n�g� �o�f� �t�h�e� �m�o�d�u�l�u�s� �a�n�d� �t�h�e� �T�g� �b�e�c�a�u�s�e� 

�t�h�e� �m�o�d�u�l�u�s� �a�n�d� �t�h�e� �T�g� �o�f� �t�h�e� �r�u�b�b�e�r� �m�o�d�i�f�i�e�r� �i�s� �m�u�c�h� �l�o�w�e�r� �t�h�a�n� �t�h�e� �m�a�t�r�i�x�.� �T�o� 

�c�i�r�c�u�m�v�e�n�t� �t�h�e�s�e� �u�n�d�e�s�i�r�a�b�l�e� �e�f�f�e�c�t�s�,� �o�t�h�e�r�s� �h�a�v�e� �i�n�c�o�r�p�o�r�a�t�e�d� �e�n�g�i�n�e�e�r�i�n�g� 

�t�h�e�r�m�o�p�l�a�s�t�i�c� �p�a�r�t�i�c�l�e�s� �i�n�t�o� �e�p�o�x�y� �n�e�t�w�o�r�k�s�.� �B�y� �m�o�d�i�f�y�i�n�g� �e�p�o�x�y� �n�e�t�w�o�r�k�s� �w�i�t�h� 

�t�h�e�r�m�o�p�l�a�s�t�i�c�s�,� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �c�a�n� �b�e� �i�m�p�r�o�v�e�d� �w�i�t�h�o�u�t� �s�a�c�r�i�f�i�c�i�n�g� �t�h�e� 

�h�i�g�h� �m�o�d�u�l�u�s� �a�n�d� �t�h�e� �h�i�g�h� �T�g�.� �T�h�e� �m�o�s�t� �c�o�m�m�o�n�l�y� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e�r�m�o�p�l�a�s�t�i�c� 

�b�l�e�n�d�s� �h�a�v�e� �b�e�e�n� �p�o�l�y�(�e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �a�n�d� �p�o�l�y�(�e�t�h�e�r� �i�m�i�d�e�s�)�.� �B�u�c�k�n�a�l�l� �a�n�d� 

�P�a�r�t�r�i�d�g�e� �(�1�5�6�)� �i�n�i�t�i�a�l�l�y� �a�t�t�e�m�p�t�e�d� �t�o� �t�o�u�g�h�e�n� �e�p�o�x�y� �n�e�t�w�o�r�k�s� �w�i�t�h� �p�o�l�y�(�e�t�h�e�r� 

�s�u�l�f�o�n�e�s�)�.� �E�v�e�n� �t�h�o�u�g�h� �t�h�e� �t�h�e�r�m�o�p�l�a�s�t�i�c� �p�h�a�s�e� �s�e�p�a�r�a�t�e�d� �d�u�r�i�n�g� �t�h�e� �c�u�r�e�,� �n�o� 

�s�i�g�n�i�f�i�c�a�n�t� �i�m�p�r�o�v�e�m�e�n�t� �i�n� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �w�a�s� �o�b�s�e�r�v�e�d�.� �T�h�i�s� �r�e�s�u�l�t� �w�a�s� 

�a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �p�o�o�r� �a�d�h�e�s�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �p�h�a�s�e� �s�e�p�a�r�a�t�e�d� �p�a�r�t�i�c�l�e�s� �a�n�d� �t�h�e� 

�e�p�o�x�y� �m�a�t�r�i�x�.� �B�u�c�k�n�a�l�l� �a�n�d� �G�i�l�b�e�r�t� �(�1�5�7�)� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� 

�p�o�l�y�(�e�t�h�e�r� �i�m�i�d�e�s�)� �b�y� �p�h�y�s�i�c�a�l� �b�l�e�n�d�i�n�g� �i�n�t�o� �t�e�t�r�a� �f�u�n�c�t�i�o�n�a�l� �e�p�o�x�y� �r�e�s�i�n�,� �a�n�d� �t�h�e�y� 
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�w�e�r�e� �a�b�l�e� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �f�r�o�m� �0�.�5� �t�o� �1�.�4�2� �M�N�m�-�?�/�2�.� �T�h�e�y� 

�w�e�r�e� �a�l�s�o� �a�b�l�e� �t�o� �o�b�t�a�i�n� �t�w�o� �p�h�a�s�e� �m�o�r�p�h�o�l�o�g�i�e�s� �w�i�t�h� �t�h�e�i�r� �s�y�s�t�e�m�s�.� �T�h�e�y� 

�a�t�t�r�i�b�u�t�e�d� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �t�o� �a� �s�u�f�f�i�c�i�e�n�t�l�y� �s�t�r�o�n�g� �i�n�t�e�r�f�a�c�e� 

�r�e�s�u�l�t�i�n�g� �f�r�o�m� �e�i�t�h�e�r� �v�a�n� �d�e�r� �W�a�a�l�s� �b�o�n�d�i�n�g�,� �o�t�h�e�r� �p�h�y�s�i�c�a�l� �i�n�t�e�r�a�c�t�i�o�n�s� �o�r�a� 

�p�o�s�s�i�b�l�e� �r�e�a�c�t�i�o�n� �w�i�t�h� �t�h�e� �e�p�o�x�y� �r�e�s�i�n�.� �H�e�d�r�i�c�k� �e�t� �a�l�.� �(�1�5�8�)� �i�n�c�o�r�p�o�r�a�t�e�d� 

�o�l�i�g�o�m�e�r�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)� �(�P�S�F�)� �w�i�t�h� �r�e�a�c�t�i�v�e� �h�y�d�r�o�x�y�l� �f�u�n�c�t�i�o�n�a�l� 

�g�r�o�u�p�s� �i�n�t�o� �b�i�s�p�h�e�n�o�l�-�A� �e�p�o�x�y� �r�e�s�i�n� �(�E�p�o�n� �8�2�8�)� �a�n�d� �o�b�t�a�i�n�e�d� �a� �d�r�a�m�a�t�i�c� 

�i�m�p�r�o�v�e�m�e�n�t� �i�n� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �o�f� �e�p�o�x�y� �n�e�t�w�o�r�k�s�.� �T�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� 

�w�a�s� �c�o�n�d�u�c�t�e�d� �b�y� �p�r�e�-�r�e�a�c�t�i�n�g� �t�h�e� �t�h�e�r�m�o�p�l�a�s�t�i�c� �w�i�t�h� �t�h�e� �e�p�o�x�y� �r�e�s�i�n� �(�E�p�o�n� �8�2�8�)� 

�u�s�i�n�g� �c�a�t�a�l�y�t�i�c� �a�m�o�u�n�t� �o�f� �q�u�a�t�e�r�n�a�r�y� �a�m�m�o�n�i�u�m� �h�y�d�r�o�x�i�d�e� �t�o� �o�b�t�a�i�n� �e�p�o�x�i�d�e� 

�t�e�r�m�i�n�a�t�e�d� �t�h�e�r�m�o�p�l�a�s�t�i�c�.� �T�e�m�p�e�r�a�t�u�r�e� �w�a�s� �t�h�e�n� �i�n�c�r�e�a�s�e�d� �t�o� �d�e�c�o�m�p�o�s�e� �t�h�e� 

�c�a�t�a�l�y�s�t� �a�n�d� �t�h�e� �s�t�o�c�h�i�o�m�e�t�r�i�c� �a�m�o�u�n�t� �o�f� �d�i�a�m�i�n�o�d�i�p�h�e�n�y�l�s�u�l�f�o�n�e� �w�a�s� �t�h�e�n� �a�d�d�e�d� 

�a�s� �t�h�e� �c�u�r�i�n�g� �a�g�e�n�t� �a�n�d� �c�u�r�e�d�.� �B�o�t�h� �t�h�e� �i�n�c�o�r�p�o�r�a�t�e�d� �a�m�o�u�n�t� �a�n�d� �t�h�e� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �w�a�s� �v�a�r�i�e�d� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �e�f�f�e�c�t� �o�n� �t�h�e� �m�o�r�p�h�o�l�o�g�y� �a�n�d� �t�h�e� �f�r�a�c�t�u�r�e� 

�t�o�u�g�h�n�e�s�s�.� �L�a�t�e�r� �H�e�d�r�i�c�k� �e�t� �a�l�.� �(�1�5�9�)� �a�l�s�o� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�e� �s�a�m�e� �b�e�h�a�v�i�o�r� �w�i�t�h� 

�a�m�i�n�e� �t�e�r�m�i�n�a�t�e�d� �o�l�i�g�o�m�e�r�s� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �s�u�l�f�o�n�e�s�)�.� �T�h�e�y� �d�e�m�o�n�s�t�r�a�t�e�d� 

�t�h�a�t� �m�o�r�p�h�o�l�o�g�y� �a�n�d� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �w�a�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �o�f� �t�h�e� �t�h�e�r�m�o�p�l�a�s�t�i�c� �m�o�d�i�f�i�e�r� �a�n�d� �t�h�e� �a�m�o�u�n�t� �o�f� �t�h�e� �m�o�d�i�f�i�e�r� �t�h�a�t� �w�a�s� 

�i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �e�p�o�x�y� �r�e�s�i�n�.� �A� �t�w�o� �p�h�a�s�e� �m�o�r�p�h�o�l�o�g�y� �i�n� �w�h�i�c�h� �t�h�e� 

�t�h�e�r�m�o�p�l�a�s�t�i�c� �p�a�r�t�i�c�l�e�s� �w�e�r�e� �u�n�i�f�o�r�m�l�y� �d�i�s�t�r�i�b�u�t�e�d� �i�n� �t�h�e� �c�o�n�t�i�n�u�o�u�s� �e�p�o�x�y� �m�a�t�r�i�x� 

�w�a�s� �o�b�t�a�i�n�e�d� �w�h�e�n� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �t�h�e� �t�h�e�r�m�o�p�l�a�s�t�i�c� �w�a�s� �l�e�s�s� �t�h�a�n� �1�5�%�(�w�t�)�.� 

�T�h�e� �a�v�e�r�a�g�e� �p�a�r�t�i�c�l�e� �s�i�z�e� �i�n�c�r�e�a�s�e�d� �a�s� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �t�h�e� �t�h�e�r�m�o�p�l�a�s�t�i�c� 

�m�o�d�i�f�i�e�r� �i�n�c�r�e�a�s�e�d� �a�n�d� �t�h�e� �f�r�e�q�u�e�n�c�y� �o�f� �t�h�e� �p�a�r�t�i�c�l�e�s� �i�n�c�r�e�a�s�e�d� �a�s� �m�o�r�e� �o�f� �t�h�e� 

�t�h�e�r�m�o�p�l�a�s�t�i�c� �w�a�s� �i�n�c�o�r�p�o�r�a�t�e�d� �i�n�t�o� �t�h�e� �e�p�o�x�y� �n�e�t�w�o�r�k�.� �W�h�e�n� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� 

�o�f� �t�h�e� �t�h�e�r�m�o�p�l�a�s�t�i�c� �w�a�s� �g�r�e�a�t�e�r� �t�h�a�n� �2�0�%�(�w�t�)�,� �a� �p�h�a�s�e� �i�n�v�e�r�s�i�o�n� �o�c�c�u�r�r�e�d� �i�n� 
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�w�h�i�c�h� �t�h�e� �t�h�e�r�m�o�p�l�a�s�t�i�c� �b�e�c�a�m�e� �t�h�e� �c�o�n�t�i�n�u�o�u�s� �p�h�a�s�e� �a�n�d� �t�h�e� �e�p�o�x�y� �w�a�s� �t�h�e� 

�d�i�s�c�r�e�t�e� �p�h�a�s�e�.� 

�U�s�i�n�g� �S�E�M�,� �D�M�A� �a�n�d� �o�p�t�i�c�a�l� �m�i�c�r�o�s�c�o�p�y� �B�r�o�w�n� �a�n�d� �K�i�m� �(�1�6�0�)� 

�i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �m�o�r�p�h�o�l�o�g�y� �a�n�d� �t�h�e� �t�o�u�g�h�e�n�i�n�g� �m�e�c�h�a�n�i�s�m�s� �o�f� �a� �c�o�m�m�e�r�c�i�a�l� 

�t�h�e�r�m�o�p�l�a�s�t�i�c� �m�o�d�i�f�i�e�d� �e�p�o�x�y� �n�e�t�w�o�r�k�.� �T�h�e�y� �o�b�s�e�r�v�e�d� �a� �s�i�m�i�l�a�r� �t�w�o� �p�h�a�s�e� 

�m�o�r�p�h�o�l�o�g�y� �i�n� �w�h�i�c�h� �p�h�a�s�e� �i�n�v�e�r�s�i�o�n� �o�c�c�u�r�r�e�d� �a�t� �a� �c�e�r�t�a�i�n� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �t�h�e� 

�t�h�e�r�m�o�p�l�a�s�t�i�c�.� �H�o�w�e�v�e�r�,� �t�h�e�y� �o�b�s�e�r�v�e�d� �a� �c�o�n�t�i�n�u�o�u�s� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �f�r�a�c�t�u�r�e� 

�t�o�u�g�h�n�e�s�s� �a�s� �m�o�r�e� �o�f� �t�h�e� �t�h�e�r�m�o�p�l�a�s�t�i�c� �w�a�s� �i�n�c�o�r�p�o�r�a�t�e�d�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� 

�m�o�r�p�h�o�l�o�g�y�.� �T�h�e�y� �a�t�t�r�i�b�u�t�e�d� �t�h�i�s� �b�e�h�a�v�i�o�r� �t�o� �d�i�f�f�e�r�e�n�t� �t�o�u�g�h�e�n�i�n�g� �m�e�c�h�a�n�i�s�m�s� 

�w�h�i�c�h� �o�p�e�r�a�t�e� �a�t� �d�i�f�f�e�r�e�n�t� �c�o�m�p�o�s�i�t�i�o�n�s�.� �P�r�i�o�r� �t�o� �p�h�a�s�e� �i�n�v�e�r�s�i�o�n�,� �t�o�u�g�h�e�n�i�n�g� �w�a�s� 

�a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �d�u�c�t�i�l�e� �t�e�a�r�i�n�g� �o�f� �t�h�e� �t�h�e�r�m�o�p�l�a�t�i�c� �d�i�s�p�e�r�s�e�d� �p�h�a�s�e� �a�n�d� �t�o� 

�l�o�c�a�l�i�z�e�d� �p�l�a�s�t�i�c� �y�i�e�l�d�i�n�g� �o�f� �t�h�e� �m�a�t�r�i�x�.� �A�f�t�e�r� �p�h�a�s�e� �i�n�v�e�r�s�i�o�n�,� �t�h�e� �t�o�u�g�h�n�e�s�s� �w�a�s� 

�a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �d�u�c�t�i�l�e� �t�e�a�r�i�n�g� �o�f� �t�h�e� �c�o�n�t�i�n�u�o�u�s� �t�h�e�r�m�o�p�l�a�s�t�i�c� �p�h�a�s�e�.� 

�A�n�o�t�h�e�r� �t�o�u�g�h�e�n�i�n�g� �m�e�c�h�a�n�i�s�m� �t�h�a�t� �h�a�v�e� �b�e�e�n� �p�r�o�p�o�s�e�d� �f�o�r� �t�h�e� 

�t�o�u�g�h�n�e�s�s� �o�f� �t�h�e�r�m�o�p�l�a�s�t�i�c� �m�o�d�i�f�i�e�d� �e�p�o�x�y� �n�e�t�w�o�r�k�s� �i�s� �t�h�e� �d�u�c�t�i�l�e� �s�t�r�e�t�c�h�i�n�g� �a�n�d� 

�t�e�a�r�i�n�g� �o�f� �t�h�e� �p�h�a�s�e� �s�e�p�a�r�a�t�e�d� �t�h�e�r�m�o�p�l�a�s�t�i�c� �p�a�r�t�i�c�l�e�s� �a�n�d� �p�l�a�s�t�i�c� �d�e�f�o�r�m�a�t�i�o�n� �o�f� 

�t�h�e� �m�a�t�r�i�x� �a�r�o�u�n�d� �t�h�e� �p�a�r�t�i�c�l�e�s� �(�1�5�9�)�.� �I�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �p�h�a�s�e� �s�e�p�a�r�a�t�e�d� 

�p�a�r�t�i�c�l�e�s�,� �t�h�e�r�e� �a�r�e� �s�t�r�e�s�s� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �a�r�o�u�n�d� �t�h�e� �p�a�r�t�i�c�l�e�s� �w�h�e�n� �a� �u�n�i�f�o�r�m� 

�t�e�n�s�i�l�e� �s�t�r�e�s�s� �i�s� �a�p�p�l�i�e�d�.� �T�h�i�s� �s�t�r�e�s�s� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n�d�u�c�e�s� �o�r� �p�r�o�m�o�t�e�s� �l�o�c�a�l�i�z�e�d� 

�p�l�a�s�t�i�c� �d�e�f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �m�a�t�r�i�x� �a�n�d� �t�h�e�r�e�b�y� �i�n�c�r�e�a�s�e� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s�.� 

�A�n�o�t�h�e�r� �m�e�c�h�a�n�i�s�m� �t�h�a�t� �h�a�s� �b�e�e�n� �p�r�o�p�o�s�e�d� �i�s� �c�o�m�m�o�n�l�y� �r�e�f�e�r�r�e�d� �t�o� �a�s� �t�h�e� 

 ��c�r�a�c�k� �p�i�n�n�i�n�g� �m�e�c�h�a�n�i�s�m�"� �a�n�d� �t�h�i�s� �m�e�c�h�a�n�i�s�m� �i�n�v�o�l�v�e�s� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� 

�t�h�e� �c�r�a�c�k� �f�r�o�n�t� �a�n�d� �t�h�e� �d�i�s�p�e�r�s�e�d� �t�h�e�r�m�o�p�l�a�s�t�i�c� �p�a�r�t�i�c�l�e�s� �(�1�6�0�)�.� �C�o�n�d�i�t�i�o�n�s� �w�h�i�c�h� 

�f�a�v�o�r� �c�r�a�c�k� �p�i�n�n�i�n�g� �m�e�c�h�a�n�i�s�m� �a�r�e� �s�y�s�t�e�m�s� �w�h�e�r�e� �t�h�e� �m�a�t�r�i�x� �i�s� �b�r�i�t�t�l�e� �a�n�d� �t�h�e� 

�p�a�r�t�i�c�l�e�s� �a�r�e� �w�e�l�l� �b�o�n�d�e�d� �t�o� �t�h�e� �m�a�t�r�i�x� �a�n�d� �a�r�e� �n�o�t� �p�e�n�e�t�r�a�b�l�e�.� �A�s� �t�h�e� �c�r�a�c�k� �f�r�o�n�t� 
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�p�r�o�p�a�g�a�t�e�s� �t�h�r�o�u�g�h� �t�h�e� �s�a�m�p�l�e� �i�t� �e�n�c�o�u�n�t�e�r�s� �t�h�e� �p�h�a�s�e� �s�e�p�a�r�a�t�e�d� �t�h�e�r�m�o�p�l�a�s�t�i�c� 

�p�a�r�t�i�c�l�e�s�.� �S�i�n�c�e� �t�h�e� �p�a�r�t�i�c�l�e�s� �a�r�e� �i�n�h�e�r�e�n�t�l�y� �v�e�r�y� �t�o�u�g�h� �a�n�d� �d�u�c�t�i�l�e�,� �t�h�e� �c�r�a�c�k� �f�r�o�n�t� 

�b�o�w�s� �a�r�o�u�n�d� �t�h�e� �p�a�r�t�i�c�l�e�s� �a�n�d� �c�a�u�s�e�s� �f�o�r�m�a�t�i�o�n� �o�f� �s�e�c�o�n�d�a�r�y� �c�r�a�c�k�s� �w�h�i�l�e� �t�h�e� 

�m�a�i�n� �c�r�a�c�k� �f�r�o�n�t� �i�s� �s�t�i�l�l� �p�i�n�n�e�d� �b�y� �t�h�e� �p�a�r�t�i�c�l�e�s�.� �T�h�e� �p�a�r�t�i�c�l�e�s� �t�h�a�t� �p�i�n� �t�h�e� �c�r�a�c�k� �d�o� 

�n�o�t� �f�r�a�c�t�u�r�e� �t�h�e�m�s�e�l�v�e�s� �u�n�t�i�l� �t�h�e� �c�r�a�c�k� �f�r�o�n�t� �i�s� �c�i�r�c�u�m�v�e�n�t�e�d� �b�y� �t�h�e� �p�a�r�t�i�c�l�e�.� �T�h�i�s� 

�p�r�o�c�e�s�s� �o�f� �f�o�r�m�i�n�g� �n�e�w� �s�e�c�o�n�d�a�r�y� �c�r�a�c�k� �f�r�o�n�t�s� �n�o�t� �o�n�l�y� �d�i�f�f�u�s�e� �t�h�e� �c�r�a�c�k� �f�r�o�n�t� �b�u�t� 

�a�l�s�o� �r�e�q�u�i�r�e�s� �m�o�r�e� �e�n�e�r�g�y� �f�o�r� �t�h�e� �p�r�o�p�a�g�a�t�i�o�n� �o�f� �t�h�e� �c�r�a�c�k� �f�r�o�n�t�.� 

�I�n� �t�h�e�r�m�o�p�l�a�s�t�i�c� �m�o�d�i�f�i�e�d� �e�p�o�x�y� �n�e�t�w�o�r�k�s�,� �t�h�e� �n�u�m�b�e�r� �a�v�e�r�a�g�e� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �b�e�t�w�e�e�n� �c�r�o�s�s�l�i�n�k�e�d� �s�i�t�e�s� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �t�o� �b�e� �n�o�t� �a�s� �i�m�p�o�r�t�a�n�t� �a�s� �i�n� �t�h�e� 

�r�u�b�b�e�r� �m�o�d�i�f�i�e�d� �e�p�o�x�y� �n�e�t�w�o�r�k�s� �(�1�6�1�)�.� �Z�e�n�g�l�i� �e�t� �a�l�.� �(�1�6�1�)� �h�a�v�e� �a�l�s�o� �i�n�v�e�s�t�i�g�a�t�e�d� 

�b�i�s�p�h�e�n�o�l�-�A� �p�o�l�y�s�u�l�f�o�n�e� �(�P�S�F�)� �a�n�d� �p�o�l�y�e�t�h�e�r�s�u�l�f�o�n�e� �(�P�E�S�)� �m�o�d�i�f�i�e�d� �d�i�f�u�n�c�t�i�o�n�a�l� 

�a�n�d� �t�e�t�r�a�f�u�n�c�t�i�o�n�a�l� �e�p�o�x�y� �r�e�s�i�n�s� �w�i�t�h� �b�o�t�h� �d�i�a�m�i�n�o�d�i�p�h�e�n�y�l� �s�u�l�f�o�n�e� �a�n�d� �p�i�p�e�r�i�d�i�n�e� 

�a�s� �C�u�r�i�n�g� �a�g�e�n�t�s�.� �T�h�e�y� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �e�f�f�e�c�t� �o�f� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �a�n�d� �e�n�d� 

�g�r�o�u�p�s� �o�n� �b�o�t�h� �t�h�e� �m�o�r�p�h�o�l�o�g�y� �a�n�d� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s�.� �T�h�e� �e�n�d� �g�r�o�u�p�s� �t�h�e�y� 

�i�n�v�e�s�t�i�g�a�t�e�d� �w�e�r�e� �c�h�l�o�r�i�n�e� �a�n�d� �h�y�d�r�o�x�y�l� �e�n�d� �g�r�o�u�p�s�.� �W�h�e�n� �t�h�e�y� �m�o�d�i�f�i�e�d� 

�d�i�g�l�y�c�i�d�y�l� �e�t�h�e�r� �b�i�s�p�h�e�n�o�l�-�A� �e�p�o�x�y� �r�e�s�i�n� �w�i�t�h� �h�y�d�r�o�x�y�l� �t�e�r�m�i�n�a�t�e�d� �P�E�S� �w�i�t�h� 

�d�i�a�m�i�n�o�d�i�p�h�e�n�y�l�s�u�l�f�o�n�e� �a�s� �t�h�e� �c�u�r�i�n�g� �a�g�e�n�t�,� �t�h�e�y� �w�e�r�e� �n�o�t� �a�b�l�e� �t�o� �o�b�s�e�r�v�e� �p�h�a�s�e� 

�s�e�p�a�r�a�t�e�d� �P�E�S� �p�a�r�t�i�c�l�e�s�.� �S�i�n�c�e� �t�h�e�r�e� �w�a�s� �n�o� �p�h�a�s�e� �s�e�p�a�r�a�t�i�o�n� �o�f� �P�E�S�,� �t�h�e�y� 

�o�b�s�e�r�v�e�d� �o�n�l�y� �a� �s�l�i�g�h�t� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �a�s� �f�u�n�c�t�i�o�n� �o�f� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t�.� �T�h�e�y� �o�b�s�e�r�v�e�d� �t�w�o� �p�h�a�s�e� �m�o�r�p�h�o�l�o�g�i�e�s� �w�i�t�h� �m�o�d�i�f�i�c�a�t�i�o�n� �o�f� �b�o�t�h� 

�c�h�l�o�r�i�n�e� �a�n�d� �h�y�d�r�o�x�y�l� �t�e�r�m�i�n�a�t�e�d� �o�l�i�g�o�m�e�r�s� �o�f� �P�S�F�.� �H�o�w�e�v�e�r�,� �e�p�o�x�y� �n�e�t�w�o�r�k�s� 

�t�h�a�t� �w�e�r�e� �m�o�d�i�f�i�e�d� �w�i�t�h� �h�y�d�r�o�x�y�!� �t�e�r�m�i�n�a�t�e�d� �P�S�F� �s�h�o�w�e�d� �a� �g�r�e�a�t�e�r� �f�r�a�c�t�u�r�e� 

�t�h�o�u�g�h�n�e�s�s� �t�h�a�n� �e�p�o�x�y� �n�e�t�w�o�r�k�s� �m�o�d�i�f�i�e�d� �w�i�t�h� �c�h�l�o�r�i�n�e� �t�e�r�m�i�n�a�t�e�d� �P�S�F�.� �A�l�s�o� 

�t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �w�a�s� �e�n�h�a�n�c�e�d� �a�s� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �i�n�c�r�e�a�s�e�d�,� �t�h�i�s� �t�h�e�y� 

�a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �i�n�c�r�e�a�s�e�d� �d�u�c�t�i�l�i�t�y� �o�f� �P�S�F� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�.� 
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�T�h�e�y� �a�l�s�o� �i�n�v�e�s�t�i�g�a�t�e�d� �v�a�r�i�o�u�s� �p�o�s�s�i�b�l�e� �m�e�c�h�a�n�i�s�m�s� �t�o� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �i�n�c�r�e�a�s�e�d� 

�f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s� �b�y� �c�a�l�c�u�l�a�t�i�n�g� �b�o�t�h� �t�h�e� �c�h�a�n�g�e� �i�n� �c�r�i�t�i�c�a�l� �s�t�r�a�i�n� �r�e�l�e�a�s�e� �r�a�t�e� 

�(�A�G�1�-�)� �a�n�d� �t�h�e� �s�t�r�e�s�s� �d�i�s�t�r�i�b�u�t�i�o�n� �i�n� �t�h�e� �e�p�o�x�y� �m�a�t�r�i�x� �a�r�o�u�n�d� �a� �P�S�F� �p�a�r�t�i�c�l�e�.� �T�h�e� 

�A�G�i�c�-� �t�h�e�y� �c�a�l�c�u�l�a�t�e�d� �w�a�s� �s�m�a�l�l�e�r� �t�h�a�n� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �v�a�l�u�e�,� �s�o� �t�h�e�y� �d�e�d�u�c�e�d� 

�t�h�a�t� �s�t�r�e�t�c�h�i�n�g� �a�n�d� �t�e�a�r�i�n�g� �o�f� �t�h�e� �P�S�F� �p�a�r�t�i�c�l�e�s� �w�e�r�e� �e�n�a�d�e�q�u�a�t�e� �t�o� �e�x�p�l�a�i�n� �t�h�e� 

�i�n�h�a�n�c�e�m�e�n�t� �i�n� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s�.� �T�h�e�y� �a�l�s�o� �c�a�l�c�u�l�a�t�e�d� �t�h�e� �s�t�r�e�s�s� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �f�a�c�t�o�r� �a�r�o�u�n�d� �t�h�e� �p�a�r�t�i�c�l�e�s� �a�n�d� �c�o�m�p�a�r�e�d� �t�h�e� �c�a�l�c�u�l�a�t�e�d� �v�a�l�u�e� �t�o� 

�t�h�e� �r�u�b�b�e�r� �m�o�d�i�f�i�e�d� �e�p�o�x�y� �n�e�t�w�o�r�k�s� �i�n� �w�h�i�c�h� �t�h�e� �p�l�a�s�t�i�c� �d�e�f�o�r�m�a�t�i�o�n� �p�l�a�y�s� �a� 

�c�r�i�t�i�c�a�l� �r�o�l�e� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s�.� �T�h�e� �v�a�l�u�e� �t�h�e�y� �o�b�t�a�i�n�e�d� �f�o�r� �t�h�e� 

�t�h�e�r�m�o�p�l�a�s�t�i�c� �m�o�d�i�f�i�e�d� �e�p�o�x�y� �n�e�t�w�o�r�k� �w�a�s� �m�u�c�h� �l�o�w�e�r� �t�h�a�n� �t�h�e� �v�a�l�u�e� �t�h�e�y� 

�o�b�t�a�i�n�e�d� �f�o�r� �t�h�e� �r�u�b�b�e�r� �m�o�d�i�f�i�e�d� �n�e�t�w�o�r�k�.� �B�a�s�e�d� �o�n� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e�s�e� 

�c�a�l�c�u�l�a�t�i�o�n�s�,� �a�l�o�n�g� �w�i�t�h� �n�o� �o�b�s�e�r�v�e�d� �e�f�f�e�c�t� �o�f� �t�h�e� �c�r�o�s�s� �l�i�n�k�e�d� �d�e�n�s�i�t�y� �o�n� �t�h�e� 

�f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s�,� �t�h�e�y� �d�e�d�u�c�e�d� �t�h�a�t� �p�l�a�s�t�i�c� �d�e�f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �m�a�t�r�i�x� �a�r�o�u�n�d� 

�P�S�F� �p�a�r�t�i�c�l�e�s� �m�a�y� �n�o�t� �b�e� �a�n� �i�m�p�o�r�t�a�n�t� �m�e�c�h�a�n�i�s�m� �t�o� �a�c�c�o�u�n�t� �f�o�r� �t�h�e� �i�n�c�r�e�a�s�e�d� 

�f�r�a�c�t�u�r�e� �t�o�u�g�h�n�e�s�s�.� �W�i�t�h� �S�E�M�,� �t�h�e�y� �a�l�s�o� �o�b�s�e�r�v�e�d� �n�o� �s�i�g�n�i�f�i�c�a�n�t� �p�l�a�s�t�i�c� 

�d�e�f�o�r�m�a�t�i�o�n� �a�r�o�u�n�d� �P�S�F� �p�a�r�t�i�c�l�e�s� �o�f� �f�r�a�c�t�u�r�e�d� �s�u�r�f�a�c�e�s�.� �B�a�s�e�d� �o�n� �t�h�e�i�r� 

�i�n�v�e�s�t�i�g�a�t�i�o�n�,� �t�h�e�y� �s�t�a�t�e�d� �t�h�a�t� �m�a�j�o�r� �m�e�c�h�a�n�i�s�m� �f�o�r� �t�h�e� �t�o�u�g�h� �d�u�c�t�i�l�e� 

�t�h�e�r�m�o�p�l�a�s�t�i�c� �m�o�d�i�f�i�e�d� �e�p�o�x�y� �n�e�t�w�o�r�k�s� �s�e�e�m�e�d� �t�o� �b�e� �t�h�e� �c�r�a�c�k� �p�i�n�n�i�n�g� 

�m�e�c�h�a�n�i�s�m� �a�n�d� �t�h�e�y� �t�h�e�y� �w�e�r�e� �a�b�l�e� �t�o� �o�b�s�e�r�v�e� �s�t�r�o�n�g� �e�v�i�d�e�n�c�e�s� �o�f� �t�h�e� �c�r�a�c�k� 

�p�i�n�n�i�n�g� �m�e�c�h�a�n�i�s�m� �u�s�i�n�g� �S�E�M�.� 

�2�.�1�0�.�4� �E�t�h�y�n�y�l�s� 

�P�h�e�n�y�l� �e�t�h�y�n�y�l�s� �o�r� �a�c�e�t�y�l�e�n�e�s� �a�r�e� �a�n�o�t�h�e�r� �f�u�n�c�t�i�o�n�a�l� �g�r�o�u�p� �w�h�i�c�h� �c�a�n� 

�u�n�d�e�r�g�o� �c�r�o�s�s�l�i�n�k�i�n�g� �r�e�a�c�t�i�o�n�s� �t�o� �a�f�f�o�r�d� �n�e�t�w�o�r�k�s�.� �R�e�c�e�n�t�l�y�,� �a�m�o�r�p�h�o�u�s� 
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�p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �)� �o�l�i�g�o�m�e�r�s� �w�i�t�h� �t�e�r�m�i�n�a�l� �e�t�h�y�n�y�l�s� �a�n�d� �s�u�b�s�t�i�t�u�t�e�d� �e�t�h�y�n�y�l�s� 

�h�a�v�e� �r�e�c�e�i�v�e�d� �c�o�n�s�i�d�e�r�a�b�l�e� �a�t�t�e�n�t�i�o�n� �a�s� �a� �c�a�n�d�i�d�a�t�e� �f�o�r� �h�i�g�h� �t�e�r�m�p�e�r�a�t�u�r�e� 

�a�d�h�e�s�i�v�e�s� �a�n�d� �h�i�g�h� �p�e�r�f�o�r�m�a�n�c�e� �m�a�t�r�i�x� �r�e�s�i�n�s� �f�o�r� �a�e�r�o�s�p�a�c�e� �a�p�p�l�i�c�a�t�i�o�n�s� �(�1�6�2�-� 

�1�6�7�,� �2�0�5�)�.� �A�c�e�t�y�l�e�n�e� �t�e�r�m�i�n�a�t�e�d� �o�l�i�g�o�m�e�r�s� �p�r�o�v�i�d�e� �b�e�t�t�e�r� �s�o�l�u�b�i�l�i�t�y� �a�n�d� 

�p�r�o�c�e�s�s�a�b�i�l�i�t�y� �b�e�c�a�u�s�e� �o�f� �t�h�e� �l�o�w� �m�e�l�t� �v�i�s�c�o�s�i�t�y�.� �T�h�e� �m�o�d�i�f�i�c�a�t�i�o�n� �o�f� �p�o�l�y�(�a�r�y�l�e�n�e� 

�e�t�h�e�r�s�)� �w�i�t�h� �t�e�r�m�i�n�a�l� �e�t�h�y�n�y�l� �g�r�o�u�p�s� �r�e�t�a�i�n� �t�h�e� �a�t�t�r�a�c�t�i�v�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �a�m�o�r�p�h�o�u�s� 

�p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �a�n�d� �i�n�c�r�e�a�s�e� �t�h�e� �s�o�l�v�e�n�t� �r�e�s�i�s�t�a�n�c�e� �a�n�d� �t�h�e� �T�g�.� �E�t�h�y�n�y�l�s� 

�o�f�f�e�r� �a�t�t�r�a�c�t�i�v�e� �f�e�a�t�u�r�e�s� �s�u�c�h� �a�s� �u�n�d�e�r�g�o�i�n�g� �c�u�r�e� �u�n�d�e�r� �m�o�d�e�r�a�t�e� �c�o�n�d�i�t�i�o�n�s� 

�w�i�t�h�o�u�t� �t�h�e� �e�v�o�l�u�t�i�o�n� �o�f� �v�o�l�a�t�i�l�e�s� �f�o�r� �v�o�i�d� �f�r�e�e� �f�a�b�r�i�c�a�t�i�o�n� �o�f� �p�a�r�t�s�.� �T�h�e�y� �c�a�n� �a�l�s�o� 

�b�e� �t�h�e�r�m�a�l�l�y� �i�n�d�u�c�e�d� �t�o� �i�n�i�t�i�a�t�e� �c�u�r�e� �w�i�t�h�o�u�t� �t�h�e� �u�s�e� �o�f� �c�a�t�a�l�y�s�t�s� �a�n�d� �t�h�e�y� �h�a�v�e� 

�e�x�c�e�l�l�e�n�t� �s�h�e�l�f� �l�i�v�e�s�.� �V�a�r�i�o�u�s� �s�y�n�t�h�e�t�i�c� �m�e�t�h�o�d�s� �f�o�r� �t�h�e� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �t�h�e� 

�r�e�a�c�t�i�v�e� �f�u�n�c�t�i�o�n�a�l� �g�r�o�u�p�s� �h�a�v�e� �b�e�e�n� �u�t�i�i�l�t�i�z�e�d� �a�n�d� �r�e�p�o�r�t�e�d�.� �F�i�r�s�t�,� �a� �s�u�r�v�e�y� �o�f� 

�t�h�e� �v�a�r�i�o�u�s� �m�e�t�h�o�d�s� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�e�s� �o�f� �e�t�h�y�n�y�l�s� �a�n�d� �s�u�b�s�t�i�t�u�t�e�d� �e�t�h�y�n�y�l�s� �w�i�l�l� �b�e� 

�a�d�d�r�e�s�s�e�d� �f�o�l�l�o�w�e�d� �b�y� �w�a�y�s� �i�n� �w�h�i�c�h� �t�h�e�y� �h�a�v�e� �b�e�e�n� �i�n�c�o�r�p�o�r�a�t�e�d� �o�n�t�o� �v�a�r�i�o�u�s� 

�p�o�l�y�m�e�r�i�c� �s�y�s�t�e�m�s�.� �E�v�e�n� �t�h�o�u�g�h� �t�h�e�r�e� �a�r�e� �m�a�n�y� �d�i�f�f�e�r�e�n�t� �s�y�n�t�h�e�t�i�c� �r�o�u�t�e�s� 

�a�v�a�i�l�a�b�l�e� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �e�t�h�y�n�y�l�s� �a�n�d� �s�u�b�s�i�t�u�t�e�d� �e�t�h�y�n�y�l�s�,� �o�n�l�y� �t�h�e� 

�c�o�m�m�o�n�l�y� �u�t�i�l�i�z�e�d� �s�y�n�t�h�e�t�i�c� �m�e�t�h�o�d� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d�.� �O�n�e� �o�f� �t�h�e� �m�e�t�h�o�d� �i�s� �t�h�e� 

�r�e�a�c�t�i�o�n� �o�f� �a�r�y�l� �a�c�e�t�y�l� �f�u�n�c�t�i�o�n�a�l�i�t�y� �w�i�t�h� �a� �V�i�l�s�m�e�i�e�r� �r�e�a�g�e�n�t� �w�h�i�c�h� �i�s� �a� �c�o�m�p�l�e�x� �o�f� 

�N�,�N�-�d�i�m�e�t�h�y�l� �f�o�r�m�a�m�i�d�e� �(�D�M�F�)� �a�n�d� �a�n� �a�c�i�d� �c�h�l�o�r�i�d�e� �s�u�c�h� �a�s� �p�h�o�s�p�h�o�r�o�u�s� 

�o�x�y�c�h�l�o�r�i�d�e� �o�r� �o�x�a�l�y�l� �c�h�l�o�r�i�d�e� �(�1�6�8�,�1�6�9�)�.� �T�h�i�s� �r�e�s�u�l�t�s� �i�n� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �B�-� 

�c�h�l�o�r�o�c�i�n�n�a�m� �a�l�d�e�h�y�d�e� �w�h�i�c�h� �c�a�n� �b�e� �c�l�e�a�v�e�d� �w�i�t�h� �a� �s�t�r�o�n�g� �b�a�s�e� �s�u�c�h� �a�s� �s�o�d�i�u�m� 

�h�y�d�r�o�x�i�d�e� �t�o� �o�b�t�a�i�n� �t�h�e� �e�t�h�y�n�y�l� �g�r�o�u�p�.� �Y�i�e�l�d�s� �o�f� �a�s� �h�i�g�h� �a�s� �8�0�%� �h�a�v�e� �b�e�e�n� 

�o�b�t�a�i�n�e�d� �u�n�d�e�r� �p�r�o�p�e�r� �c�o�n�d�i�t�i�o�n�s�.� �T�h�e� �r�e�a�c�t�i�o�n� �s�c�h�e�m�e� �i�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �1�8�.� 

�A�n�o�t�h�e�r� �m�e�t�h�o�d� �w�h�i�c�h� �c�a�n� �b�e� �u�s�e�d� �i�s� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �a�r�y�l� �h�a�l�i�d�e�s�,� 

�p�a�r�t�i�c�u�l�a�r�l�y� �i�o�d�i�d�e�s� �w�i�t�h� �m�e�t�a�l� �a�l�k�y�n�i�d�e�s� �s�u�c�h� �a�s� �c�o�p�p�e�r� �a�c�e�t�y�l�i�d�e�s� �(�1�7�0�)�.� �U�s�i�n�g� 
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�t�h�i�s� �m�e�t�h�o�d� �9�0�%� �y�i�e�l�d� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �f�o�r� �t�h�e� �s�y�n�t�h�e�i�s� �o�f� �d�i�p�h�e�n�y�l�a�c�e�t�y�l�e�n�e� 

�f�r�o�m� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �i�o�d�o�b�e�n�z�e�n�e� �w�i�t�h� �c�o�p�p�e�r� �p�h�e�n�y�l�a�c�e�t�y�l�i�d�e� �i�n� �p�y�r�i�d�i�n�e�.� 

�A� �m�e�t�h�o�d� �w�h�i�c�h� �i�s� �c�o�m�m�o�n�l�y� �u�t�i�l�i�z�e�d� �i�s� �t�h�e� �p�a�l�l�a�d�i�u�m� �c�a�t�a�l�y�z�e�d� �r�e�a�c�t�i�o�n� �o�f� 

�o�r�g�a�n�i�c� �h�a�l�i�d�e�s� �w�i�t�h� �a�c�e�t�y�l�e�n�e�s�.� �T�h�e�r�e� �a�r�e� �t�w�o� �v�a�r�i�a�t�i�o�n�s� �t�o� �t�h�i�s� �m�e�t�h�o�d�,� �o�n�e� 

�i�n�v�o�l�v�e�s� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �a�r�y�l� �b�r�o�m�i�d�e�s� �o�r� �i�o�d�i�d�e�s� �w�i�t�h� �2�-�m�e�t�h�y�l�-�3�-�b�u�t�y�n�e�-�2�-�o�l� �t�o� 

�y�i�e�l�d� �3�-�m�e�t�h�y�l�-�4�-�a�r�y�l�-�3�-�b�u�t�y�n�e�-�2�-�o�l� �w�h�i�c�h� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �a� �c�a�u�s�t�i�c� �w�i�l�l� �l�i�b�e�r�a�t�e� 

�t�h�e� �p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p� �t�o� �p�r�o�d�u�c�e� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �e�t�h�y�n�y�l� �(�1�7�1�-�1�7�3�)�.� �T�h�i�s� �i�s� 

�s�h�o�w�n� �i�n� �S�c�h�e�m�e� �1�9�.� �T�h�i�s� �i�s� �t�h�e� �p�r�e�f�e�r�r�e�d� �m�e�t�h�o�d� �b�e�c�a�u�s�e� �o�f� �t�h�e� �h�i�g�h� �y�i�e�l�d� �i�n� 

�t�h�e� �f�i�r�s�t� �s�t�e�p� �w�h�i�c�h� �i�s� �g�r�e�a�t�e�r� �t�h�a�n� �9�0�%�.� �T�h�e� �s�e�c�o�n�d� �s�t�e�p� �t�o� �c�l�e�a�v�e� �t�h�e� 

�p�r�o�t�e�c�t�i�n�g� �g�r�o�u�p� �i�s� �a� �q�u�a�n�t�i�t�a�t�i�v�e� �p�r�o�c�e�s�s� �b�u�t� �a� �d�i�s�a�d�v�a�n�t�a�g�e� �w�i�t�h� �t�h�i�s� �m�e�t�h�o�d� �i�s� 

�t�h�a�t� �c�o�m�p�o�u�n�d�s� �c�o�n�t�a�i�n�i�n�g� �f�u�n�c�t�i�o�n�a�l� �g�r�o�u�p�s� �w�h�i�c�h� �a�r�e� �s�e�n�s�i�t�i�v�e� �t�o� �a� �s�t�r�o�n�g� �b�a�s�e� 

�s�u�c�h� �a�s� �e�s�t�e�r�s� �o�r� �p�r�o�n�e� �t�o� �d�e�g�r�a�d�a�t�i�o�n� �u�n�d�e�r� �b�a�s�i�c� �c�o�n�d�i�t�i�o�n�s� �c�a�n�n�o�t� �b�e� �u�s�e�d�.� 

�E�t�h�y�n�y�l�s� �f�r�o�m� �c�o�m�p�o�u�n�d�s� �w�i�t�h� �e�s�t�e�r� �f�u�n�c�t�i�o�n�a�l�i�t�y� �h�a�s� �b�e�e�n� �o�b�t�a�i�n�e�d� �b�y� �u�s�i�n�g� 

�s�o�d�i�u�m� �h�y�d�r�i�d�e� �a�s� �t�h�e� �b�a�s�e� �i�n�s�t�e�a�d� �o�f� �s�o�d�i�u�m� �h�y�d�r�o�x�i�d�e�.� �T�h�e� �o�t�h�e�r� �v�a�r�i�a�t�i�o�n� 

�i�n�v�o�l�v�e�s� �t�h�e� �u�s�e� �o�f� �t�r�i�m�e�t�h�y�l�s�i�l�y�l�a�c�e�t�y�l�e�n�e� �i�n�s�t�e�a�d� �o�f� �2�-�m�e�t�h�y�l�-�3�-�b�u�t�y�n�e�-�2�-�o�l� 

�(�1�7�4�)�.� �A�l�t�h�o�u�g�h� �t�h�i�s� �m�e�t�h�o�d� �i�s� �m�o�r�e� �e�x�p�e�n�s�i�v�e�,� �t�h�i�s� �m�o�d�i�f�i�c�a�t�i�o�n� �a�l�l�o�w�s� �t�h�e� 

�c�o�n�v�e�r�s�i�o�n� �o�f� �a�r�y�l� �b�r�o�m�i�d�e�s� �w�h�i�c�h� �c�o�n�t�a�i�n� �b�a�s�e� �s�e�n�s�i�t�i�v�e� �f�u�n�c�t�i�o�n�a�l�i�t�y� �s�u�c�h� �a�s� 

�a�l�d�e�h�y�d�e�s�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �t�r�i�m�e�t�h�y�l�s�i�l�y�l� �g�r�o�u�p� �c�a�n� �b�e� �c�l�e�a�v�e�d� �w�i�t�h� �p�o�t�a�s�s�i�u�m� 

�c�a�r�b�o�n�a�t�e� �t�o� �y�i�e�l�d� �t�h�e� �e�t�h�y�n�y�l� �d�e�r�i�v�a�t�i�v�e�.� 

�T�h�e� �r�e�a�c�t�i�v�e� �e�t�h�y�n�y�l�s� �a�n�d� �s�u�b�s�t�i�t�u�t�e�d� �e�t�h�y�n�y�l�s�,� �n�a�m�e�l�y� �p�h�e�n�y�l�e�t�h�y�n�y�l�s� 

�h�a�v�e� �b�e�e�n� �i�n�c�o�r�p�o�r�a�t�e�d� �b�y� �v�a�r�i�o�u�s� �m�e�a�n�s� �t�o� �o�l�i�g�o�m�e�r�s� �a�n�d� �h�i�g�h� �m�o�l�e�c�u�l�a�r� 

�w�e�i�g�h�t� �a�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)�.� �I�n�c�o�r�p�o�r�a�t�i�o�n� �o�f� �r�e�a�c�t�i�v�e� �g�r�o�u�p�s� �o�n� 

�o�l�i�g�o�m�e�r� �c�h�a�i�n� �e�n�d�s� �h�a�v�e� �b�e�e�n� �a�c�h�i�e�v�e�d� �b�y� �t�w�o� �w�a�y�s�.� �T�h�e� �f�i�r�s�t� �m�e�t�h�o�d� �i�n�v�o�l�v�e�s� 

�t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �v�a�r�i�o�u�s� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �h�y�d�r�o�x�y�l� �t�e�r�m�i�n�a�t�e�d� �o�l�i�g�o�m�e�r�s� �w�h�i�c�h� 

�i�s� �t�h�e�n� �r�e�a�c�t�e�d� �w�i�t�h� �a� �a�r�o�m�a�t�i�c� �a�c�i�d� �c�h�l�o�r�i�d�e� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �t�h�e� �e�t�h�y�n�y�|� 
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�2� �8� 
�H�3�C�-�C ��A�r ��C�-�C�H�s� 

�D�M�F� �/� �P�O�C�I�,� 

�O�H�C�-�C�H� �=� �G ��A�r ��G�  ��=�C�H ��C�H�O� 

�H� �C�l� �C�l� �H� 

�K�O�H� 

�H�C� �=�C ��A�r ��C� �=�C�H� 

�S�c�h�e�m�e� �1�8� �S�y�n�t�h�e�s�i�s� �o�f� �e�t�h�y�n�y�l�s� �f�r�o�m� �r�e�a�c�t�i�o�n� �o�f� �a�r�o�m�a�t�i�c� �a�c�e�t�y�l� �g�r�o�u�p�s� �w�i�t�h� 
�V�i�l�s�m�e�i�e�r� �r�e�a�g�e�n�t� �(�1�6�8�)� 

�C�H�g� 
�B�r ��A�r ��B�r� �+� �2� �H�C�=�C�-�C�-�O�H� 

�C�H�,� 

�|� �P�d� �C�a�t�a�l�y�s�t� 
�E�t�s�N� 

�O�H� �O�H� 
�O�H�-�C�-�C�=�C ��A�r ��C�=�C�~�-�C�-�O�H� 

�C�H�,� �C�H�,� 

�N�a�O�H� 

�O� 
�i� 

�H�C�=�=�C ��A�r ��C�=�=�C�H� �+� �2�H�,�C�-�C�-�C�H�,� 

�S�c�h�e�m�e� �1�9� �S�y�n�t�h�e�s�i�s� �o�f� �e�t�h�y�n�y�l�s� �b�y� �p�a�l�l�a�d�i�u�m� �c�o�u�p�l�i�n�g� �r�e�a�c�t�i�o�n� �o�f� �a�r�o�m�a�t�i�c� 
�b�r�o�m�i�d�e�s� �w�i�t�h� �2�-�m�e�t�h�y�l�-�3�-�b�u�t�y�n�e�-�2�-�o�l� �(�1�7�1�)� 
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�f�u�n�c�t�i�o�n�a�l�i�t�y� �s�u�c�h� �a�s� �m�e�t�a� �o�r� �p�a�r�a� �e�t�h�y�n�y�l� �b�e�n�z�o�y�l� �c�h�l�o�r�i�d�e� �(�1�7�5�,�1�7�6�)�.� �T�h�i�s� 

�r�e�s�u�l�t�s� �i�n� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �h�y�d�r�o�l�y�t�i�c�a�l�l�y� �u�n�s�t�a�b�l�e� �e�s�t�e�r� �l�i�n�k�a�g�e�s� �o�n� �t�h�e� �c�h�a�i�n� 

�e�n�d�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�i�s� �m�e�t�h�o�d� �i�n�v�o�l�v�e�s� �t�h�e� �i�s�o�l�a�t�i�o�n� �o�f� �t�h�e� �h�y�d�r�o�x�y�!� �t�e�r�m�i�n�a�t�e�d� 

�o�l�i�g�o�m�e�r�s� �p�r�i�o�r� �t�o� �t�h�e� �m�o�d�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �h�y�d�r�o�x�y�l�s� �t�o� �e�t�h�y�n�y�l� �t�e�r�m�i�n�a�t�e�d� 

�o�l�i�g�o�m�e�r�s�,� �a�n�d� �a� �f�u�r�t�h�e�r� �i�s�o�l�a�t�i�o�n� �s�t�e�p� �i�s� �r�e�q�u�i�r�e�d� �a�f�t�e�r� �t�h�e� �m�o�d�i�f�i�c�a�t�i�o�n�.� �T�h�e� 

�r�e�a�c�t�i�o�n� �s�c�h�e�m�e� �i�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �2�0�.� 

�T�h�e� �o�t�h�e�r� �m�e�t�h�o�d� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �e�t�h�y�n�y�l� �t�e�r�m�i�n�a�t�e�d� �p�o�l�y�(�a�r�y�l�e�n�e� 

�e�t�h�e�r�s�)� �u�t�i�l�i�z�e�s� �a� �m�o�n�o�f�u�n�c�t�i�o�n�a�l� �e�n�c�a�p�p�e�r� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �t�h�e� �e�t�h�y�n�y�|� 

�f�u�n�c�t�i�o�n�a�l�i�t�y� �s�u�c�h� �a�s� �t�h�o�s�e� �s�h�o�w�n� �b�e�l�o�w� �(�1�7�7�-�1�7�9�)�.� 

�e� �i� �i� 

�T�h�i�s� �m�e�t�h�o�d� �i�s� �s�i�m�p�l�e�r� �b�e�c�a�u�s�e� �t�h�e� �e�t�h�y�n�y�l� �t�e�r�m�i�n�a�t�e�d� �o�l�i�g�o�m�e�r�s� �c�a�n� �b�e� 

�o�b�t�a�i�n�e�d� �d�i�r�e�c�t�l�y� �a�f�t�e�r� �t�h�e� �i�s�o�l�a�t�i�o�n� �o�f� �t�h�e� �o�l�i�g�o�m�e�r� �a�f�t�e�r� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�.� �I�n� 

�a�d�d�i�t�i�o�n�,� �e�t�h�e�r� �b�o�n�d�s� �a�r�e� �g�e�n�e�r�a�t�e�d� �d�u�r�i�n�g� �t�h�e� �p�r�o�c�e�s�s� �w�h�i�c�h� �i�s� �m�o�r�e� 

�h�y�d�r�o�l�y�t�i�c�a�l�l�y� �s�t�a�b�l�e� �t�h�a�n� �t�h�e� �e�s�t�e�r� �b�o�n�d�s�.� �F�r�o�m� �m�o�d�e�l� �r�e�a�c�t�i�o�n�s�,� �t�h�e� 

�d�i�s�p�l�a�c�e�m�e�n�t� �o�f� �t�h�e� �n�i�t�r�o� �g�r�o�u�p� �o�c�c�u�r�e�d� �f�a�s�t�e�r� �t�h�a�n� �t�h�e� �f�l�u�o�r�i�n�e� �w�i�t�h� �t�h�e� 

�p�h�e�n�o�l�a�t�e� �o�f� �4�-�i�s�o�p�r�o�p�y�l�p�h�e�n�o�l� �(�1�7�8�)�.� �W�i�t�h� �t�h�i�s� �m�e�t�h�o�d�,� �t�h�e� �e�n�d�c�a�p�p�e�r� �w�a�s� 

�i�n�t�r�o�d�u�c�e�d� �l�a�s�t� �a�f�t�e�r� �t�h�e� �p�h�e�n�o�l�a�t�e� �t�e�r�m�i�n�a�t�e�d� �o�l�i�g�o�m�e�r�s� �w�e�r�e� �f�o�r�m�e�d� �i�n� �s�i�t�u�.� 

�U�s�i�n�g� �t�h�e� �m�o�n�o�f�u�n�c�t�i�o�n�a�l� �e�t�h�y�n�y�!�l� �e�n�c�a�p�p�e�r�,� �v�a�r�i�o�u�s� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�l�i�g�o�m�e�r�s� 

�w�e�r�e� �s�y�n�t�h�e�s�i�z�e�d�,� �c�h�a�r�a�c�t�e�r�i�z�e�d� �a�n�d� �c�r�o�s�s�l�i�n�k�e�d� �t�o� �a�f�f�o�r�d� �n�e�t�w�o�r�k�s� �w�i�t�h� �b�e�t�t�e�r� 

�s�o�l�v�e�n�t� �r�e�s�i�s�i�s�t�a�n�c�e� �a�n�d� �h�i�g�h�e�r� �T�g�s�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �h�a�v�i�n�g� �e�t�h�y�n�y�l�s� �o�n� �c�h�a�i�n� 

�e�n�d�s�,� �e�t�h�y�n�y�i�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �i�n�t�r�o�d�u�c�e�d� �o�n� �t�h�e� �b�a�c�k�b�o�n�e� �o�f� �a�m�o�r�p�h�o�u�s� 

�p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �(�1�8�0�)�.� �T�h�i�s� �w�a�s� �a�c�c�o�m�p�l�i�s�h�e�d� �b�y� �t�h�e� �s�u�c�c�e�s�s�f�u�l� �s�y�n�t�h�e�s�i�s� 

�o�f� �a� �n�e�w� �n�o�v�e�l� �m�o�n�o�m�e�r� �i�n� �w�h�i�c�h� �t�h�e� �e�t�h�y�n�y�l� �g�r�o�u�p� �w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�o� 
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�s�u�f�f�i�c�i�e�n�t�l�y� �a�c�t�i�v�a�t�e� �f�l�u�o�r�i�n�e�s� �f�o�r� �a�r�o�m�a�t�i�c� �n�u�c�l�e�o�p�h�i�l�i�c� �s�u�b�s�t�i�t�u�t�i�o�n�.� �T�h�e� �m�o�n�o�m�e�r� 

�w�a�s� �b�i�s�(�4�-�f�l�u�o�r�o�p�h�e�n�y�l�)�a�c�e�t�y�l�e�n�e�.� 

�r�x� �p�c�e� �)�-�+� 
�I�n�h�e�r�e�n�t� �v�i�s�c�o�s�i�t�y� �o�f� �0�.�6�9� �d�l�/�g� �w�a�s� �o�b�t�a�i�n�e�d� �b�y� �r�e�a�c�t�i�n�g� �t�h�e� �a�b�o�v�e� �m�o�n�o�m�e�r� �w�i�t�h� 

�b�i�s�p�h�e�n�o�l�-�A�.� �W�h�e�n� �t�h�e� �e�t�h�y�n�y�l�s� �w�e�r�e� �c�u�r�e�d�,� �a� �m�a�x�i�m�u�m� �e�x�o�t�h�e�r�m� �f�o�r� �t�h�e� 

�c�r�o�s�s�l�i�n�k�i�n�g� �o�c�c�u�r�r�e�d� �a�t� �3�8�0�°�C�.� 

�w�o�K� �P�p�t� �P�S�F� �H�K� �o�H� 

�H�o�r�o� �E�c� 

�C�h�l�o�r�o�f�o�r�m� 
�T�r�i�e�t�h�y�l�a�m�i�n�e� 

�e�a�e� �H�t� �P�S�F�L�C� �L�C� �)�-�0�-�t� �p�y�r�e�n�e� 

�S�c�h�e�m�e� �2�0� �C�o�n�v�e�r�s�i�o�n� �o�f� �h�y�d�r�o�x�y�l� �t�e�r�m�i�n�a�t�e�d� �p�o�l�y�s�u�l�f�o�n�e� �t�o� �a�n� �e�t�h�y�n�y�!�|� 
�d�e�r�i�v�a�t�i�v�e� �(�1�7�5�)� 

�O�t�h�e�r�s� �h�a�v�e� �r�e�p�o�r�t�e�d� �o�n� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �p�e�n�d�a�n�t� �e�t�h�y�n�y�l�s� �o�n� �t�h�e� 

�b�a�c�k�b�o�n�e� �o�f� �a�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�s�)� �(�1�8�1�-�1�8�3�)�.� �A�n� �e�x�a�m�p�l�e� �i�n�v�o�l�v�e�s� 

�t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �a� �b�i�s�p�h�e�n�o�l� �m�o�n�o�m�e�r� �w�h�i�c�h� �c�o�n�t�a�i�n�s� �t�h�e� �e�t�h�y�n�y�l� �f�u�n�c�t�i�o�n�a�l�i�t�y� 

�(�1�8�3�)�.� �H�o�m�o�p�o�l�y�m�e�r�i�z�a�t�i�o�n� �w�i�t�h� �d�i�f�l�u�r�o�b�e�n�z�o�p�h�e�n�o�n�e� �r�e�s�u�l�t�e�d� �i�n� �i�n�h�e�r�e�n�t� 

�v�i�s�c�o�s�i�t�y� �o�f� �0�.�3�8� �d�i�/�g� �w�h�e�n� �R� �w�a�s� �a� �p�h�e�n�y�l�.� �W�h�e�n� �R� �w�a�s� �H� �o�r� �C�4�H�g� �g�e�l� 

�f�o�r�m�a�t�i�o�n� �w�a�s� �o�b�s�e�r�v�e�d�,� �h�o�w�e�v�e�r�,� �t�h�i�s� �p�r�o�b�l�e�m� �w�a�s� �a�l�l�e�v�i�a�t�e�d� �b�y� �c�o�n�d�u�c�t�i�n�g� 

�c�o�p�o�l�y�m�e�r�i�z�a�t�i�o�n�s� �i�n� �w�h�i�c�h� �1�0� �a�n�d� �3�0�%� �o�f� �t�h�e� �e�t�h�y�n�y�l� �c�o�n�t�a�i�n�i�n�g� �b�i�s�p�h�e�n�o�l� �w�a�s� 
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�r�e�a�c�t�e�d� �w�i�t�h� �a�n�o�t�h�e�r� �b�i�s�p�h�e�n�o�l� �(�h�e�x�a�f�l�u�o�r�o� �b�i�s�p�h�e�n�o�l�-�A�)� �a�n�d� �d�i�f�l�u�o�r�b�e�n�z�o� 

�H�O� �o�o�,� �.� �?� �O�H� 

�O�)� �R� �=�H�,� �C�y�H�o�,�  ¬�)� 

�S�o�n� 
�T�h�e� �e�x�o�t�h�e�r�m� �f�o�r� �t�h�e� �c�u�r�i�n�g� �o�f� �t�h�e� �e�t�h�y�n�y�l�s� �a�n�d� �s�u�b�s�t�i�t�u�t�e�d� �e�t�h�y�n�y�l�s� �w�e�r�e� 

�p�h�e�n�o�n�e�.� 
�C�F�,� 

�r�e�p�o�r�t�e�d� �t�o� �o�c�c�u�r� �a�t� �2�6�5�°�C� �f�o�r� �t�h�e� �e�t�h�y�n�y�l�,� �3�0�0�°�C� �f�o�r� �t�h�e� �h�e�x�y�n�y�l� �a�n�d� �3�7�0�°�C� �f�o�r� 

�t�h�e� �p�h�e�n�y�l� �e�t�h�y�n�y�l� �f�r�o�m� �D�S�C� �m�e�a�s�u�r�e�m�e�n�t�s� �c�o�n�d�u�c�t�e�d� �a�t� �2�0�°�C� �p�e�r� �m�i�n�u�t�e�.� 

�T�h�e� �m�e�c�h�a�n�i�s�m� �o�f� �t�h�e� �c�r�o�s�s�l�i�n�k�i�n�g� �o�f� �t�h�e� �e�t�h�y�n�y�l�s� �i�s� �c�o�m�p�l�e�x� �a�n�d� �s�t�i�l�l� �i�s� 

�n�o�t� �f�u�l�l�y� �u�n�d�e�r�s�t�o�o�d�,� �t�h�e� �i�n�s�o�l�u�b�l�e� �n�a�t�u�r�e� �f�r�o�m� �t�h�e� �c�u�r�e� �m�a�k�e� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� 

�p�r�o�d�u�c�t�s� �d�i�f�f�i�c�u�l�t�.� �F�r�o�m� �t�h�e� �i�n�i�t�i�a�l� �i�n�v�e�s�t�i�g�a�t�i�o�n� �i�n�t�o� �t�h�e� �c�u�r�e� �m�e�c�h�a�n�i�s�m� �a�n�d� 

�p�r�o�d�u�c�t�s�,� �i�t� �w�a�s� �b�e�l�i�e�v�e�d� �t�h�a�t� �c�y�c�l�o�t�r�i�m�e�r�i�z�a�t�i�o�n� �o�f� �t�h�e� �e�t�h�y�n�y�l�s� �t�o� �g�e�n�e�r�a�t�e� �t�h�e� 

�a�r�o�m�a�t�i�c� �m�o�i�e�t�y� �w�a�s� �t�h�e� �m�a�i�n� �p�r�o�d�u�c�t� �(�1�8�4�)� �,� �h�o�w�e�v�e�r�,� �i�t� �w�a�s� �l�a�t�e�r� �d�e�m�o�n�s�t�r�a�t�e�d� 

�t�h�a�t� �c�y�c�y�l�o�t�r�i�m�e�r�i�z�a�t�i�o�n� �o�n�l�y� �a�c�c�o�u�n�t�e�d� �f�o�r� �a�p�p�r�o�x�i�m�a�t�e�l�y� �3�0�%� �o�f� �t�h�e� �p�r�o�d�u�c�t�s� 

�(�1�8�5�,�1�8�6�)�.� �B�a�s�e�d� �o�n� �t�h�e� �c�u�r�i�n�g� �o�f� �a� �m�o�n�o�m�e�r� �b�i�s�(�4�-�e�t�h�y�n�y�l�p�h�e�n�y�l�)� �e�t�h�e�r�,� �d�o�u�b�l�e� 

�b�o�n�d�e�d� �c�o�n�j�u�g�a�t�e�d� �s�t�r�u�c�t�u�r�e�s� �w�e�r�e� �t�h�e� �p�r�i�n�c�i�p�l�e� �c�o�m�p�o�n�e�n�t�s� �a�n�d� �a� �f�r�e�e� �r�a�d�i�c�a�l� 

�i�n�i�t�i�a�t�e�d� �m�e�c�h�a�n�i�s�m� �w�a�s� �p�r�o�p�o�s�e�d� �(�1�8�7�)�.� �O�t�h�e�r�s� �h�a�v�e� �r�e�p�o�r�t�e�d� �v�a�r�i�o�u�s� �o�t�h�e�r� 

�r�e�a�c�t�i�o�n� �m�e�c�h�a�n�i�s�m� �a�n�d� �p�r�o�d�u�c�t�s� �s�u�c�h� �a�s� �d�i�a�c�t�e�y�l�e�n�e�s� �f�r�o�m� �t�h�e� �c�o�u�p�l�i�n�g� �o�f� �t�h�e� 

�e�t�h�y�n�y�l�s� �(�G�l�a�z�e�r� �c�o�u�p�l�i�n�g�)� �a�n�d� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �e�n�y�n�e�s� �(�S�t�r�a�u�s�s� �c�o�u�p�l�i�n�g�)� 

�(�1�8�8�,�1�9�9�)�.� �A�r�o�m�a�t�i�c� �p�r�o�d�u�c�t�s� �f�r�o�m� �D�i�e�l�s�-�A�l�d�e�r� �r�e�a�c�t�i�o�n�s� �s�u�c�h� �a�s� �t�e�t�r�a�m�e�r�s�,� 

�n�a�p�h�t�h�a�l�e�n�e�s� �a�n�d� �c�o�n�j�u�g�a�t�e�d� �p�o�l�y�e�n�e�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �r�e�p�o�r�t�e�d� �(�1�9�0�,�1�9�1�)�.� �I�n� 

�a�d�d�i�t�i�o�n�,� �e�l�e�c�t�r�o�p�h�i�l�i�c� �a�d�d�i�t�i�o�n� �o�f� �t�h�e� �e�t�h�y�n�y�l� �g�r�o�u�p� �t�o� �a�n� �a�r�o�m�a�t�i�c� �m�o�i�e�t�y� �h�a�s� �a�l�s�o� 

�b�e�e�n� �r�e�p�o�r�t�e�d� �(�1�8�8�,�1�9�2�)�.� 
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�3�.�0� �E�X�P�E�R�I�M�E�N�T�A�L� 

�3�.�1� �C�h�e�m�i�c�a�l� �S�t�r�u�c�t�u�r�e� �a�n�d� �P�h�y�s�i�c�a�l� �P�r�o�p�e�r�t�i�e�s� �o�f� �M�o�n�o�m�e�r�s�,� �S�o�l�v�e�n�t�s� 
�a�n�d� �R�e�a�g�e�n�t�s� 

�o� �9� 
�H�3�C ��C ��O ��C ��C�H�,� 

�S�u�p�p�l�i�e�r�:� �F�i�s�h�e�r� 
�N�a�m�e�:� �A�c�e�t�i�c� �A�n�h�y�d�r�i�d�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�4�H�g�O�3� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �1�0�2�.�0�9� �g�/�m�o�l� 
�B�p�:� �1�3�9�°�C� �(�1�a�t�m�)� 
�D�e�n�s�i�t�y�:� �1�.�0�8� �g�/�m�l� 

�N�H�,� 

�C�l� 
�O�H� 

�S�u�p�p�l�i�e�r�:� �A�l�d�r�i�c�h� 
�N�a�m�e�:� �o�-�A�m�i�n�o�p�h�e�n�o�l� �2�-�A�m�i�n�o�p�h�e�n�o�l� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�g�e�H�7�N�O� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �1�0�9�.�1�3� �g�/�m�o�l� 
�M�p�:� �1�7�4�-�1�7�7�°�C� 

�H�N� �C�F� �N�H� 

�C�F�,� 

�S�u�p�p�l�i�e�r�:� �C�e�n�t�r�a�l� �G�l�a�s�s� �C�o�m�p�a�n�y� �o�f� �J�a�p�a�n� 
�N�a�m�e�:� �2�,�2�'�-�B�i�s�(�3�-�a�m�i�n�o�-�4�-�h�y�d�r�o�x�y�p�h�e�n�y�l�)�h�e�x�a�f�l�u�o�r�o�p�r�o�p�a�n�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�1�5�H�1�2�F�e�N�2�0�2� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �3�6�6�.�2�6� �g�/�m�o�l� 
�M�p�:� �2�4�4�-�2�4�5�°�C� 
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�H�N� �C�H�,� �N�H� 

�C�H�;� 

�S�u�p�p�l�i�e�r�:� �S�y�n�t�h�e�s�i�z�e�d� 
�N�a�m�e�:� �2�,�2�'�-�B�i�s�(�3�-�a�m�i�n�o�-�4�-�h�y�d�r�o�x�y�p�h�e�n�y�l�!�)�p�r�o�p�a�n�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�1�5�H�i�g�N�2�0�2� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �2�5�8�.�3�2� �g�/�m�o�l� 
�M�p�:� �2�5�6�°�C� 

�S�u�p�p�l�i�e�r�:� �S�y�n�t�h�e�s�i�z�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �r�e�f�e�r�e�n�c�e� �(�7�4�)�.� 
�N�a�m�e�.� �B�i�s�(�4�-�f�l�u�o�r�o�p�h�e�n�y�!�)�p�h�e�n�y�l�p�h�o�s�p�h�i�n�e� �o�x�i�d�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�4�g�H�1�3�F�2�P�O� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t� �3�1�4�.�2�7� �g�/�m�o�l� 
�M�p�:� �1�2�4�-�1�2�6�°�C� 

�S�u�p�p�l�i�e�r�:� �D�o�w� �C�h�e�m�i�c�a�l� �C�o�m�p�a�n�y� 
�N�a�m�e�:� �B�i�s�p�h�e�n�o�l�-�A� � �2�,�2�'�-�B�i�s�(�4�-�h�y�d�r�o�x�y�p�h�e�n�y�l�)�p�r�o�p�a�n�e� 

�4�,�4�'�-�l�s�o�p�r�o�p�r�o�p�y�l�i�d�e�n�e�d�i�p�h�e�n�o�l� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�4�5�H�1�g�0�2� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �2�2�8�.�2�7� �g�/�m�o�l� 
�M�p�:� �1�5�8�-�1�5�9�°�C� 
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�O� 
�i�l� �E�D� �I� 
�O� 

�S�u�p�p�l�i�e�r�:� �A�l�d�r�i�c�h� 
�N�a�m�e�:� �4�-�C�h�l�o�r�o�p�h�e�n�y�l� �p�h�e�n�y�l�s�u�l�f�o�n�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�1�2�H�g�C�i�S�O�2� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �2�5�2�.�7�2� �g�/�m�o�l� 
�M�p�:� �9�0�-�9�4�°�C� 

�O� 

�O�p�e� 
�O� 

�S�u�p�p�l�i�e�r�:� �A�l�d�r�i�c�h� 
�N�a�m�e�:� �4�,�4�'�-�D�i�a�m�i�n�o�d�i�p�h�e�n�y�l�s�u�l�f�o�n�e� �4�-�A�m�i�n�o�p�h�e�n�y�l�s�u�l�f�o�n�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�y�2�H�1�2�N�e�S�O�e� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �2�4�8�.�3�0� �g�/�m�o�l� 
�M�p�:� �1�7�5�-�1�7�7�°�C� 

�o�e� �C�l� 

�S�u�p�p�l�i�e�r�:� �F�i�s�h�e�r� 
�N�a�m�e�:� �o�-�D�i�c�h�l�o�r�o�b�e�n�z�e�n�e� � �1�,�2�-�D�i�c�h�l�o�r�o�b�e�n�z�e�n�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�g�H�4�C�l�e� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �1�4�7�.�0�1� �g�/�m�o�l� 
�B�p�:� �1�8�0�.�5�°�C� �(�1�a�t�m�)� 
�D�e�n�s�i�t�y�:� �1�.�3�0� �g�/�m�o�l� 
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�O� 

�{�P�s� �)�-�c� 
�i� 

�S�u�p�p�l�i�e�r�:� �A�m�o�c�o� 
�N�a�m�e�:� �4�,�4�'�-�D�i�c�h�l�o�r�d�i�p�h�e�n�y�l�s�u�l�f�o�n�e� �(�D�C�D�P�S�)� �B�i�s�(�4�-�c�h�l�o�r�o�p�h�e�n�y�l�)�s�u�l�f�o�n�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�1�2�H�g�C�l�e�S�O�2� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �2�8�7�.�1�7� �g�/�m�o�l� 
�M�p�:� �1�4�5�-�1�4�8�°�C� 

�H�O� �O�H� 

�S�u�p�p�l�i�e�r�:� �K�r�i�c�h�e�v� 
�N�a�m�e�:� �2�,�2�'�-�D�i�h�y�d�r�o�x�y�b�e�n�z�i�d�i�n�e� �4�,�4�'�-�D�i�a�m�i�n�o�-�3�,�3�'�-�D�i�h�y�d�r�o�x�y� �B�i�p�h�e�n�y�l�!� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�1�2�H�1�2�N�2�0�e�2� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �2�1�6�.�2�4� �g�/�m�o�l� 
�M�p�:� �2�9�2�°�C� �(�d�e�c�)� 

�O� �y� �A�s� 
�C�H�,� 

�S�u�p�p�l�i�e�r�:� �F�i�s�h�e�r� 
�N�a�m�e�:� �N�,�N ��-�D�i�m�e�t�h�y�l�a�c�e�t�a�m�i�d�e� �(�D�M�A�c�)� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�4�a�H�g�N�O� 
�M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�:� �8�7�.�1�2� �g�/�m�o�l� 
�B�p�:� �1�6�5�°�C� �(�1�a�t�m�)� 
�D�e�n�s�i�t�y�:� �0�.�9�3�7� �g�/�m�l� 
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�O� 
�I� 

�C�P�i�?� �I� 
�O� 

�S�u�p�p�l�i�e�r�:� �A�l�d�r�i�c�h� 
�N�a�m�e�:� �D�i�p�h�e�n�y�l�s�u�l�f�o�n�e� �P�h�e�n�y�l�s�u�l�f�o�n�e� �1�,�1�'�-�S�u�l�f�o�n�y�l�b�i�s�b�e�n�z�e�n�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�4�2�H�1�9�S�O�2� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �2�1�8�.�2�7� �g�/�m�o�l� 
�M�p�:� �1�2�8�-�1�2�9�°�C� 
�B�p�:� �3�7�8�-�3�7�9�°�C� 

�N�H�a�2�N�H�2� 

�N�a�m�e�:� �H�y�d�r�a�z�i�n�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �H�4�N�o� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �3�2�.�0�5� �g�/�m�o�l� 
�B�p�:� �1�1�3�.�5�°�C� �(�1�a�t�m�)� 
�D�e�n�s�i�t�y�:� �1�.�0�2�1� �g�/�m�l� 

�(�»� 
�O� 

�S�u�p�p�l�i�e�r�:� �A�l�d�r�i�c�h� 
�N�a�m�e�:� �M�a�l�e�i�c� �A�n�h�y�d�r�i�d�e� �2�,�5�-�F�u�r�a�n�d�i�o�n�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�4�H�2�0�3� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �9�8�.�0�6� �g�/�m�o�l� 
�M�p�:� �5�2�.�8�°�C� 
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�O� 

�C�S�n�-�c�r�t� 
�S�u�p�p�l�i�e�r�:� �F�i�s�h�e�r� 
�N�a�m�e�:� �N�-�M�e�t�h�y�l�p�y�r�r�o�l�i�d�o�n�e� �(�N�M�P�)� �N�-�M�e�t�h�y�l�p�y�r�r�o�l�i�n�d�o�n�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�s�H�g�N�O� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �9�9�.�1�3� �g�/�m�o�l� 
�B�p�:� �2�0�2�°�C� �(�1�a�t�m�)� 
�D�e�n�s�i�t�y�:� �1�.�0�3�3� �g�/�m�l� 

� � 

�S�u�p�p�l�i�e�r�:� �S�y�n�t�h�e�s�i�z�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �r�e�f�e�r�e�n�c�e� �(�1�9�3�)� 
�N�a�m�e�:� �4�-�P�h�e�n�y�l�e�t�h�y�n�y�l�p�h�t�h�a�l�i�c� �A�n�h�y�d�r�i�d�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�1�g�H�g�O�3� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �2�4�8�.�2�3� �g�/�m�o�l� 
�M�p�:� �1�4�6�-�1�4�8�°�C� 

�O� 

�S�u�p�p�l�i�e�r�:� �A�l�d�r�i�c�h� 
�N�a�m�e�:� �P�h�t�h�a�l�i�c� �A�n�h�y�d�r�i�d�e� �1�,�3�-�l�s�o�b�e�n�z�o�f�u�r�a�n�d�i�o�n�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�g�H�4�0�3� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �1�4�8�.�1�1� �g�/�m�o�l� 
�M�p�:� �1�3�0�.�8�°�C� 

�S�u�p�p�l�i�e�r�:� �F�i�s�h�e�r� 
�N�a�m�e�:� �P�o�t�a�s�s�i�u�m� �C�a�r�b�o�n�a�t�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �K�e�2�C�O�3� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �1�3�8�.�2�1� �g�/�m�o�l� 
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�i�t� �-� �+� 

�H�,�C ��C ��O�N�a� 

�S�u�p�p�l�i�e�r�:� �F�i�s�h�e�r� 
�N�a�m�e�:� �S�o�d�i�u�m� �A�c�e�t�a�t�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�o�H�3�N�a�Q�2� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �8�2�.�0�4� �g�/�m�o�l� 

�S�n�C�l�o�e�s�2�H�2�O� 

�S�u�p�p�l�i�e�r�:� �A�l�d�r�i�c�h� 
�N�a�m�e�:� �T�i�n� �(�I�l�)�C�h�l�o�r�i�d�e� �D�i�h�y�r�a�t�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �H�4�a�Q�2�C�l�o�S�n� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �2�2�5�.�6�3� �g�/�m�o�l� 
�M�p�:� �3�7�.�7�°�C� �(�d�e�c�.�)� 
�B�p�:� �6�5�2�°�C� 

�C�H�,� 

�S�u�p�p�l�e�r�:� �F�i�s�h�e�r� 
�N�a�m�e�;� �T�o�l�u�e�n�e� �M�e�t�h�y�l�b�e�n�z�e�n�e� 
�E�m�p�i�r�i�c�a�l� �F�o�r�m�u�l�a�:� �C�7�H�g� 
�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�:� �9�2�.�1�3� �g�/�m�o�l� 
�B�p�:� �1�1�0�.�6�°�C� �(�1�a�t�m�)� 
�D�e�n�s�i�t�y�:� �0�.�8�6�6� �g�/�m�l� 

�3�.�2� �P�u�r�i�f�i�c�a�t�i�o�n� �o�f� �M�o�n�o�m�e�r�s�,� �S�o�l�v�e�n�t�s� �a�n�d� �R�e�a�g�e�n�t�s� 

�A�c�e�t�i�c� �A�n�h�y�d�r�i�d�e�:� �D�i�s�t�i�l�l�e�d� �f�r�o�m� �c�a�l�c�i�u�m� �h�y�d�r�i�d�e� �a�n�d� �s�t�o�r�e�d� �u�n�d�e�r� �n�i�t�r�o�g�e�n� �i�n� �a� 

�r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �w�i�t�h� �a� �r�u�b�b�e�r� �s�e�p�t�a�.� 
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�o�-�A�m�i�n�o�p�h�e�n�o�l�:� �T�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �r�e�l�u�x�i�n�g� �i�n� �d�i�e�t�h�y�l� �e�t�h�e�r� �f�o�r� 

�~�5�h�o�u�r�s�.� �T�h�e� �c�o�l�l�e�c�t�e�d� �o�f�f� �w�h�i�t�e� �p�r�o�d�u�c�t� �w�a�s� �c�r�y�s�t�a�l�l�i�z�e�d� �f�r�o�m� �c�h�a�r�c�o�a�l� �t�r�e�a�t�e�d� 

�e�t�h�a�n�o�l�.� �I�t� �w�a�s� �n�e�c�e�s�s�a�r�y� �t�o� �r�e�p�e�a�t� �t�h�e� �p�r�o�c�e�s�s� �m�o�r�e� �t�h�a�n� �o�n�c�e� �t�o� �y�i�e�l�d� �a� �v�e�r�y� 

�p�u�r�e� �c�o�m�p�o�u�n�d�.� �A�l�t�e�r�n�a�t�i�v�e� �m�e�t�h�o�d� �t�o� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �w�a�s� �s�u�b�l�i�m�a�t�i�o�n� �a�t� �a� 

�r�e�d�u�c�e�d� �p�r�e�s�s�u�r�e�.� 

�2�.�2�'�-�B�i�s�(�3�-�a�m�i�n�o�-�4�-�h�y�d�r�o�x�y�p�h�e�n�y�)�h�e�x�a�f�l�u�o�r�o�p�r�o�p�a�n�e�.� �T�h�i�s� �m�o�n�o�m�e�r� �w�a�s� 

�p�u�r�i�f�i�e�d� �b�y� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �e�t�h�a�n�o�l� �(�9�5�%�)� �a�n�d� �t�h�e� �r�e�s�u�l�t�i�n�g� �c�r�y�s�t�a�l�s� �w�e�r�e� 

�f�i�l�t�e�r�e�d� �a�n�d� �w�a�s�h�e�d� �w�i�t�h� �d�i�e�t�h�y�l� �e�t�h�e�r� �a�n�d� �d�r�i�e�d� �i�n� �a� �v�a�c�c�u�m� �o�v�e�n� �a�t� �~�1�0�0�°�C� �f�o�r� 

�8�h�r�s�.� �T�h�e� �p�r�o�d�u�c�t� �o�b�t�a�i�n�e�d� �w�a�s� �a� �f�l�u�f�f�y� �w�h�i�t�e� �m�a�t�e�r�i�a�l� 

�2�,�2�'�-�B�i�s�(�3�-�a�m�i�n�o�-�4�-�h�y�d�r�o�x�y�p�h�e�n�y�l�)�p�r�o�p�a�n�e�.�_� �T�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� �v�e�r�y� �d�i�f�f�i�c�u�l�t� �t�o� 

�p�u�r�i�f�y�.� �T�h�e� �b�e�s�t� �m�e�t�h�o�d� �t�o� �o�b�t�a�i�n� �a� �v�e�r�y� �p�u�r�e� �m�a�t�e�r�i�a�l� �w�a�s� �t�o� �e�n�s�u�r�e� �a� �h�i�g�h� 

�d�e�g�r�e�e� �o�f� �p�u�r�i�t�y� �f�o�r� �t�h�e� �2�,�2�'�-�B�i�s�(�3�-�n�i�t�r�o�-�4�-�h�y�d�r�o�x�y�p�h�e�n�y�l�)� �p�r�o�p�a�n�e� �p�r�i�o�r� �t�o� �t�h�e� 

�r�e�d�u�c�t�i�o�n�.� �T�h�i�s� �c�o�m�p�o�u�n�d� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �t�o� �b�e� �c�r�y�s�t�a�l�l�i�z�a�b�l�e� 

�f�r�o�m� �e�t�h�a�n�o�l�,� �h�o�w�e�v�e�r�,� �t�h�e� �s�o�l�u�b�i�l�i�t�y� �o�f� �t�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� �v�e�r�y� �s�m�a�l�l� �a�n�d� 

�e�n�o�r�m�o�u�s� �v�o�l�u�m�e� �o�f� �s�o�l�v�e�n�t� �w�a�s� �r�e�q�u�i�r�e�d�.� 

�B�i�s�(�4�-�f�l�u�g�r�o�p�h�e�n�y�l�)�p�h�e�n�y�l�p�h�g�o�s�p�h�i�n�e� �o�x�i�d�e� �(�D�F�E�T�P�P�O�)�:� �P�u�r�i�f�i�e�d� �a�c�c�o�r�d�i�n�g� �t�o� 

�r�e�f�e�r�e�n�c�e� �(�7�4�)�.� 

�B�i�s�p�h�e�n�o�l�-�A�:� �T�h�i�s� �m�o�n�o�m�e�r� �w�a�s� �r�e�c�e�i�v�e�d� �i�n� �a� �m�o�n�o�m�e�r� �g�r�a�d�e� �a�n�d� �w�a�s� �u�s�e�d� 

�w�i�t�h�o�u�t� �f�u�r�t�h�e�r� �p�u�r�i�f�i�c�a�t�i�o�n�,� �h�o�w�e�v�e�r�,� �t�h�i�s� �m�o�n�o�m�e�r� �c�a�n� �b�e� �c�r�y�s�t�a�l�l�i�z�e�d� �u�s�i�n�g� 

�t�o�l�u�e�n�e�.� �U�n�l�i�k�e� �D�C�D�P�S�,� �t�h�i�s� �m�o�n�o�m�e�r� �w�a�s� �s�l�o�w�e�r� �t�o� �d�e�v�e�l�o�p� �c�r�y�s�t�a�l�s� �a�n�d� �w�a�s� 

�n�o�t� �a�s� �d�i�f�f�i�c�u�l�t� �t�o� �f�i�l�t�e�r� �o�u�t� �t�h�e� �a�c�t�i�v�a�t�e�d� �c�a�r�b�o�n�.� 
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�4�-�C�h�l�o�r�o�p�h�e�n�y�l� �p�h�e�n�y�l�s�u�l�f�o�n�e�;� �T�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� 

�u�s�i�n�g� �e�i�t�h�e�r� �t�o�l�u�e�n�e� �o�r� �d�i�e�t�h�y�l�e�t�h�e�r�,� �u�s�i�n�g� �t�h�e� �l�a�t�t�e�r� �s�o�l�v�e�n�t� �r�e�q�u�i�r�e�d� �a� �l�a�r�g�e�r� 

�v�o�l�u�m�e� �o�f� �s�o�l�v�e�n�t� �t�o� �o�b�t�a�i�n� �a� �h�o�m�o�g�e�n�e�o�u�s� �s�o�l�u�t�i�o�n�.� 

�4�,�4�'�-�D�i�a�m�i�n�o�d�i�p�h�e�n�y�l�s�u�l�f�o�n�e� �(�D�D�S�)�.� �U�s�e�d� �a�s� �r�e�c�e�i�v�e�d�,� �h�o�w�e�v�e�r�,� �i�t� �c�a�n� �b�e� 

�c�r�y�s�t�a�l�l�i�z�e�d� �f�r�o�m� �d�e�o�x�g�e�n�a�t�e�d� �m�e�t�h�a�n�o�l�.� 

�g�-�D�i�c�h�l�o�e�r�o�b�e�n�z�e�n�e�:� �D�i�s�t�i�l�l�e�d� �f�r�o�m� �c�a�l�c�i�u�m� �h�y�d�r�i�d�e� �a�t� �a� �r�e�d�u�c�e�d� �p�r�e�s�s�u�r�e� �a�n�d� 

�s�t�o�r�e�d� �u�n�d�e�r� �n�i�t�r�o�g�e�n� �i�n� �a� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �w�i�t�h� �a� �r�u�b�b�e�r� �s�e�p�t�a�.� 

�4�,�4�'�-�D�i�c�h�l�o�r�o�d�i�p�h�e�n�y�l�s�u�l�f�o�n�e� �(�D�C�D�P�S�)�:� �D�C�D�P�S� �w�a�s� �r�e�c�e�i�v�e�d� �i�n� �a� �m�o�n�o�m�e�r� 

�g�r�a�d�e� �a�n�d� �n�o� �f�u�r�t�h�e�r� �p�u�r�i�f�i�c�a�t�i�o�n� �w�a�s� �r�e�q�u�i�r�e�d�,� �h�o�w�e�v�e�r�,� �t�h�e� �m�o�n�o�m�e�r� �w�a�s� �d�r�i�e�d� 

�i�n� �a� �v�a�c�c�u�m� �o�v�e�n� �a�t� �8�0�°�C� �f�o�r� �8� �h�o�u�r�s� �p�r�i�o�r� �t�o� �u�s�e�.� �T�h�i�s� �m�o�n�o�m�e�r� �c�a�n� �b�e� �p�u�r�i�f�i�e�d� 

�u�s�i�n�g� �c�h�a�r�c�o�a�l� �t�r�e�a�t�e�d� �t�o�l�u�e�n�e�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �c�o�l�o�r� �o�f� �t�h�e� �h�o�m�o�g�e�n�e�o�u�s� 

�s�o�l�u�t�i�o�n�.� �C�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �o�f� �t�h�i�s� �m�o�n�o�m�e�r� �w�a�s� �v�e�r�y� �r�a�p�i�d� �a�n�d� �i�t� �i�s� �a�d�v�a�n�t�a�g�e�o�u�s� �t�o� 

�u�s�e� �s�m�a�l�l� �g�r�a�n�u�l�e�s� �o�f� �c�h�a�r�c�o�a�l� �i�n�s�t�e�a�d� �o�f� �t�h�e� �f�i�n�e� �p�o�w�d�e�r� �f�o�r� �e�a�s�i�e�r� �f�i�l�t�r�a�t�i�o�n�.� 

�H�o�w�e�v�e�r�,� �i�f� �t�h�e� �f�i�n�e� �p�o�w�d�e�r� �i�s� �u�s�e�d�,� �g�l�a�s�s� �f�i�b�e�r� �f�i�l�t�e�r� �p�a�p�e�r� �w�i�t�h� �s�m�a�l�l�e�r� �p�o�r�e�s� 

�t�h�a�n� �t�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �f�i�l�t�e�r� �p�a�p�e�r� �(�F�i�s�h�e�r�)� �c�a�n� �b�e� �u�s�e�d� �i�n�s�t�e�a�d� �o�f� �c�e�l�i�t�e� �t�o� �r�e�m�o�v�e� 

�t�h�e� �c�h�a�r�c�o�a�l�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �c�r�y�s�t�a�l�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�n�d� �d�r�i�e�d� �i�n� �a� �v�a�c�u�u�m� �o�v�e�n� 

�a�t� �8�0�°�C� �f�o�r� �8� �h�o�u�r�s� �t�o� �r�e�m�o�v�e� �t�h�e� �e�x�c�e�s�s� �s�o�l�v�e�n�t�,� �i�f� �l�a�r�g�e� �n�e�e�d�l�e�s� �w�e�r�e� �o�b�t�a�i�n�e�d� 

�i�t� �w�a�s� �g�r�i�n�d�e�d� �a�n�d� �d�r�i�e�d� �a�g�a�i�n� �t�o� �r�e�m�o�v�e� �a� �t�r�a�c�e� �a�m�o�u�n�t� �o�f� �s�o�l�v�e�n�t�.� 

�2�.�2�'�-�D�i�h�y�d�r�o�x�y�b�e�n�z�i�d�i�n�e�:� �T�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �f�o�r�m�i�n�g� �t�h�e� �a�m�i�n�e� 

�h�y�d�r�o�c�h�l�o�r�i�d�e� �s�a�l�t� �w�h�i�c�h� �w�a�s� �c�o�n�d�u�c�t� �b�y� �s�u�s�p�e�n�d�i�n�g� �t�h�e� �c�o�m�p�o�u�n�d� �i�n�a� 

�m�i�n�i�m�u�m� �a�m�o�u�n�t� �o�f� �w�a�r�m� �w�a�t�e�r� �(�~�6�0�-�7�0�°�C�)� �a�n�d� �a�d�d�i�n�g� �c�o�n�c�e�n�t�r�a�t�e�d� �H�C�I� 

�d�r�o�p�w�i�s�e� �u�n�t�i�l� �a� �i�n�t�e�n�s�i�v�e� �h�o�m�o�g�e�n�e�o�u�s� �b�r�o�w�n� �s�o�l�u�t�i�o�n� �w�a�s� �o�b�t�a�i�n�e�d�.� �T�h�e� 

�c�h�a�r�c�o�a�l� �t�r�e�a�t�e�d� �s�o�l�u�t�i�o�n� �w�a�s� �f�i�l�t�e�r�e�d� �a�n�d� �t�h�e� �r�e�s�u�l�t�i�n�g� �s�o�l�u�t�i�o�n� �w�a�s� �c�o�o�l�e�d� �t�o� 
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�r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� �C�r�y�s�t�a�l�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �a�t� �t�h�i�s� �p�o�i�n�t�,� �h�o�w�e�v�e�r�,� �i�f� �c�r�y�s�t�a�l�s� 

�w�e�r�e� �n�o�t� �o�b�s�e�r�v�e�d� �w�h�i�c�h� �o�f�t�e�n� �o�c�c�u�r�e�d� �i�f� �e�x�c�e�s�s� �w�a�t�e�r� �w�a�s� �u�s�e�d�,� �m�o�r�e� 

�c�o�n�c�e�n�t�r�a�t�e�d� �H�C�I� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e� �u�n�t�i�l� �a� �s�l�i�g�h�t� �c�l�o�u�d�y� �s�o�l�u�t�i�o�n� �w�a�s� 

�o�b�s�e�r�v�e�d�.� �S�o�o�n� �t�h�e�r�e�a�f�t�e�r�,� �f�o�r�m�a�t�i�o�n� �o�f� �c�r�y�s�t�a�l�s� �w�e�r�e� �o�b�s�e�r�v�e�d�.� �T�h�e� �c�o�l�l�e�c�t�e�d� 

�c�r�y�s�t�a�l�s� �w�e�r�e� �d�i�s�s�o�l�v�e�d� �i�n� �a� �m�i�n�i�m�u�m� �a�m�o�u�n�t� �o�f� �w�a�t�e�r� �a�t� �~�6�0�-�8�0�°�C�,� �t�r�e�a�t�e�d� �w�i�t�h� 

�c�h�a�r�c�o�a�l�,� �f�i�l�t�e�r�e�d� �a�n�d� �s�o�d�i�u�m� �a�c�e�t�a�t�e� �w�a�s� �a�d�d�e�d� �u�n�t�i�l� �o�-�a�m�i�n�o�b�i�s�p�h�e�n�o�l� 

�p�r�e�c�i�p�i�a�t�e�d� �f�r�o�m� �t�h�e� �s�o�l�u�t�i�o�n�.� �T�h�e� �p�r�e�c�i�p�i�t�a�t�e�d� �p�r�o�d�u�c�t� �w�a�s� �f�i�l�t�e�r�e�d� �a�n�d� �w�a�s�h�e�d� 

�w�i�t�h� �a� �c�o�p�i�o�u�s� �a�m�o�u�n�t� �o�f� �w�a�t�e�r� �f�o�l�l�o�w�e�d� �b�y� �m�i�n�i�m�a�l� �a�m�o�u�n�t� �o�f� �c�h�i�l�l�e�d� �e�t�h�a�n�o�l� 

�a�n�d� �d�r�i�e�d� �i�n� �a� �v�a�c�u�u�m� �o�v�e�n� �a�t� �~�1�0�0�°�C� �f�o�r� �8� �h�o�u�r�s�.� �T�h�e� �a�p�p�e�a�r�a�n�c�e� �o�f� �t�h�e� 

�r�e�s�u�l�t�i�n�g� �p�r�o�d�u�c�t� �w�a�s� �l�i�g�h�t� �p�i�n�k� �w�h�i�c�h� �c�a�n� �t�u�r�n� �b�r�o�w�n� �u�p�o�n� �e�x�p�o�s�u�r�e� �t�o� �l�i�g�h�t� �f�o�r� 

�a�n� �e�x�t�e�n�d�e�d� �p�e�r�i�o�d� �o�f� �t�i�m�e� �(�e�v�e�n� �d�u�r�i�n�g� �t�h�e� �d�r�y�i�n�g� �s�t�a�g�e� �i�n� �t�h�e� �v�a�c�u�u�m� �o�v�e�n�)�,� �s�o� 

�t�h�e� �c�o�n�t�a�i�n�e�r� �w�i�t�h� �t�h�e� �p�r�o�d�u�c�t� �s�h�o�u�l�d� �b�e� �c�o�v�e�r�e�d� �w�i�t�h� �a�l�u�m�i�n�u�m� �f�o�i�l� �d�u�r�i�n�g� �t�h�e� 

�d�r�y�i�n�g� �s�t�a�g�e�.� 

�N�.�N�'�-�D�i�m�e�t�h�y�l�a�c�e�t�a�m�i�d�e�(�D�M�A�c�)�:� �T�h�i�s� �s�o�l�v�e�n�t� �w�a�s� �d�i�s�t�i�l�l�e�d� �f�r�o�m� �c�a�l�c�i�u�m� �h�y�d�r�i�d�e� 

�a�t� �a� �r�e�d�u�c�e�d� �p�r�e�s�s�u�r�e� �a�n�d� �s�t�o�r�e�d� �u�n�d�e�r� �n�i�t�r�o�g�e�n� �i�n� �a� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �w�i�t�h� �a� 

�r�u�b�b�e�r� �s�e�p�t�a�.� 

�D�i�p�h�e�n�y�l�s�u�l�f�o�n�e�:� �T�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �c�h�a�r�c�o�a�l� 

�t�r�e�a�t�e�d� �a�c�e�t�o�n�e�,� �f�i�l�t�e�r�e�d�,� �a�n�d� �d�r�i�e�d� �i�n� �a� �v�a�c�u�u�m� �o�v�e�n�.� 

�H�y�d�r�a�z�i�n�e�:� �U�s�e�d� �a�s� �r�e�c�e�i�v�e�d�.� 

�M�a�l�e�i�c� �A�n�h�y�d�r�i�d�e�:� �T�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� �e�a�s�i�l�y� �p�u�r�i�f�i�e�d� �b�y� �s�u�b�l�i�m�a�t�i�o�n� �a�t� �a� 

�r�e�d�u�c�e�d� �p�r�e�s�s�u�r�e�.� 
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�N�-�M�e�t�h�y�l�p�y�r�r�o�l�i�d�o�n�e� �(�N�M�P�)�:� �D�i�s�t�i�l�l�e�d� �f�r�o�m� �c�a�l�c�i�u�m� �h�y�d�r�i�d�e� �u�s�i�n�g� �r�e�d�u�c�e�d� 

�p�r�e�s�s�u�r�e� �a�n�d� �s�t�o�r�e�d� �u�n�d�e�r� �n�i�t�r�o�g�e�n� �i�n� �a� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �w�i�t�h� �a� �r�u�b�b�e�r� �s�e�p�t�a�.� 

�_� �4�-�P�h�e�n�y�l�e�t�h�y�n�y�l�p�h�t�h�a�l�i�c� �A�n�h�y�d�r�i�d�e�:� �P�u�r�i�f�i�e�d� �a�c�c�o�r�d�i�n�g� �t�o� �r�e�f�e�r�e�n�c�e� �(�1�9�3�)�.� 

�P�h�t�h�a�l�i�c� �A�n�h�y�d�r�i�d�e�:� �S�i�m�i�l�a�r� �t�o� �m�a�l�e�i�c� �a�n�h�y�d�r�i�d�e�,� �t�h�i�s� �c�o�m�p�o�u�n�d� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� 

�s�u�b�l�i�m�a�t�i�o�n� �a�t� �a� �r�e�d�u�c�e�d� �p�r�e�s�s�u�r�e�.� 

�P�o�t�a�s�s�i�u�m� �C�a�r�b�o�n�a�t�e�:� �U�s�e�d� �a�s� �r�e�c�e�i�v�e�d�,� �h�o�w�e�v�e�r�,� �i�t� �w�a�s� �d�r�i�e�d� �i�n� �a� �v�a�c�u�u�m� 

�o�v�e�n� �a�t� �~�1�0�0�°�C�/�8�h�r�s� �t�o� �r�e�m�o�v�e� �m�o�i�s�t�u�r�e� �p�r�i�o�r� �t�o� �u�s�e�.� 

�S�o�d�i�u�m� �A�c�e�t�a�t�e�:� �U�s�e�d� �a�s� �r�e�c�e�i�v�e�d�.� 

�T�i�n� �C�h�l�o�r�i�d�e� �D�i�h�y�d�r�a�t�e�:� �U�s�e�d� �a�s� �r�e�c�e�i�v�e�d�.� 

�T�o�l�u�e�n�e�:� �U�s�e�d� �a�s� �r�e�c�i�e�v�e�d�.� 

�3�.�3� �S�y�n�t�h�e�s�i�s� �o�f� �M�o�n�o�m�e�r�s� �a�n�d� �P�o�l�y�m�e�r�s� 

�3�.�3�.�1� �S�y�n�t�h�e�s�i�s� �o�f� �2�,�2�'�-�B�i�s�(�3�-�A�m�i�n�o�-�4�-�H�y�d�r�o�x�y�p�h�e�n�y�l�)�P�r�o�p�a�n�e� 

�T�h�e� �2�,�2�'�-�b�i�s�(�3�-�a�m�i�n�o�-�4�-�h�y�d�r�o�x�y�p�h�e�n�y�l�)�p�r�o�p�a�n�e� �w�a�s� �s�y�n�t�h�e�s�i�z�e�d� �b�y� 

�n�i�t�r�a�t�i�o�n� �o�f� �b�i�s�p�h�e�n�o�l�-�A� �t�o� �o�b�t�a�i�n� �2�,�2�'�-�b�i�s�(�4�-�h�y�d�r�o�x�y�-�3�-�n�i�t�r�o�p�h�e�n�y�l�)�p�r�o�p�a�n�e� �w�h�i�c�h� 

�w�a�s� �t�h�e�n� �r�e�d�u�c�e�d� �u�s�i�n�g� �h�y�d�r�a�z�i�n�e� �a�n�d� �e�t�h�a�n�o�l� �t�o� �y�i�e�l�d� �2�,�2�'�-�b�i�s�(�3�-�a�m�i�n�o�-�4�-� 

�h�y�d�r�o�x�y�p�h�e�n�y�l�)�p�r�o�p�a�n�e�.� �T�h�e� �s�c�h�e�m�e� �i�s� �s�h�o�w�n� �i�n� �s�c�h�e�m�e� �2�1�.� 
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�H�W� �>�}� �«�p�e� 
�B�i�s�p�h�e�n�o�l�-�A� 

�H�N�O�3�/� �A�c�e�t�i�c� �A�c�i�d� 
�1�0�-�1�5�°�C� 

�N�O�»� �N�O�.� 

�o�D� 
�2�,�2�'�-�b�i�s�(�4�-�h�y�d�r�o�x�y�-�3�-�n�i�t�r�o�p�h�e�n�y�!�)�p�r�o�p�a�n�e� 

� � 
�H�o�N�N�H�,�+�H�,�0� �/� �P�d� 
�E�t�O�H� 

�V� 
�N�H�,� 

�o�e� 
�2�,�2�'�-�b�i�s�(�3�-�a�m�i�n�o�-�4�-�h�y�d�r�o�x�y�p�h�e�n�y�l�)�p�r�o�p�a�n�e� 

� � 
�S�c�h�e�m�e� �2�1� �S�y�n�t�h�e�s�i�s� �o�f� �2�,�2�'�-�b�i�s�(�3�-�a�m�i�n�o�-�4�-�h�y�d�r�o�x�y�p�h�e�n�y�l�)�p�r�o�p�a�n�e� �v�i�a� �n�i�t�r�a�t�i�o�n� 
�a�n�d� �r�e�d�u�c�t�i�o�n� �o�f� �b�i�s�p�h�e�n�o�l�-�A� 

�N�i�t�r�a�t�i�o�n� �o�f� �b�i�s�p�h�e�n�o�l�-�A� �t�o� �o�b�t�a�i�n� �2�,�2�'�-�b�i�s�(�4�-�h�y�d�r�o�x�y�-�3�-�n�i�t�r�o�p�h�e�n�y�l�)�p�r�o�p�a�n�e� �w�a�s� 

�c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�r�o�c�e�d�u�r�e�.� �T�o� �a� �5�0�0�m�l� �f�o�u�r� �n�e�c�k� �r�o�u�n�d� �b�o�t�t�o�m� 

�f�l�a�s�k� �e�q�u�i�p�p�e�d� �w�i�t�h� �a� �m�e�c�h�a�n�i�c�a�l� �s�t�i�r�r�e�r�,� �a� �n�i�t�r�o�g�e�n� �i�n�l�e�t�,� �a� �t�h�e�r�m�o�m�e�t�e�r�,� �a�n�d� �a� 

�a�d�d�i�t�i�o�n� �f�u�n�n�e�l� �w�a�s� �a�d�d�e�d� �5�0�g� �(�0�.�2�1�9�0� �m�o�l�e�s�)� �o�f� �b�i�s�p�h�e�n�o�l�-�A� �a�n�d� �w�a�s�h�e�d� �w�i�t�h� 

�1�5�0�m�l� �a�c�e�t�i�c� �a�c�i�d�.� �T�h�e� �r�e�a�c�t�a�n�t�s� �i�n�s�i�d�e� �t�h�e� �f�l�a�s�k� �w�e�r�e� �s�t�i�r�r�e�d� �a�t� �r�o�o�m� 

�t�e�m�p�e�r�a�t�u�r�e� �u�n�t�i�l� �m�o�s�t� �o�f� �t�h�e� �b�i�s�p�h�e�n�o�l�-�A� �d�i�s�s�o�l�v�e�d�.� �A�t� �t�h�i�s� �p�o�i�n�t�,� �a� �i�c�e�/�w�a�t�e�r� 

�m�i�x�t�u�r�e� �w�a�s� �p�l�a�c�e�d� �u�n�d�e�r� �t�h�e� �f�l�a�s�k� �u�n�t�i�l� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �i�n�s�i�d�e� �t�h�e� �f�l�a�s�k� 

�d�e�c�r�e�a�s�e�d� �t�o� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�0�°�C�,� �t�e�m�p�e�r�a�t�u�r�e� �l�o�w�e�r� �t�h�a�n� �5�°�C� �w�i�l�l� �c�a�u�s�e� �t�h�e� 

�m�i�x�t�u�r�e� �t�o� �s�o�l�i�d�i�f�y� �d�u�e� �t�o� �a� �r�e�l�a�t�i�v�e� �l�o�w� �f�r�e�e�z�i�n�g� �p�o�i�n�t� �o�f� �a�c�e�t�i�c� �a�c�i�d�.� �A�t� �t�h�i�s� �p�o�i�n�t�,� 
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�a� �m�i�x�t�u�r�e� �o�f� �4�5�g� �n�i�t�r�i�c� �a�c�i�d� �(�0�.�5�0�3�8� �m�o�l�e�s�)� �i�n� �5�0� �m�l� �a�c�e�t�i�c� �a�c�i�d� �w�a�s� �i�n�t�r�o�d�u�c�e�d� 

�d�r�o�p�w�i�s�e� �a�n�d� �t�h�e� �o�v�e�r�a�l�l� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �b�e�t�w�e�e�n� �1�0�-�1�5�°�C�.� �W�h�e�n� 

�t�h�e� �a�d�d�i�t�i�o�n� �o�f� �n�i�t�r�i�c� �a�c�i�d� �/� �a�c�e�t�i�c� �a�c�i�d� �m�i�x�t�u�r�e� �w�a�s� �c�o�m�p�l�e�t�e� �(�~�1�.�5� �h�r�)�,� �t�h�e� �i�c�e�/� 

�w�a�t�e�r� �b�a�t�h� �w�a�s� �r�e�m�o�v�e�d� �a�n�d� �t�h�e� �r�e�s�u�l�t�i�n�g� �d�a�r�k� �b�u�r�g�u�n�d�y� �s�o�l�u�t�i�o�n� �w�i�t�h� 

�p�r�e�c�i�p�i�t�a�t�e�d� �p�r�o�d�u�c�t� �w�a�s� �a�l�l�o�w�e�d� �t�o� �e�q�u�i�l�i�b�r�a�t�e� �t�o� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �4�5� �m�i�n�u�t�e�s�.� �T�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �c�o�o�l�e�d� �t�o� �a�b�o�u�t� �1�0�°�C� �a�n�d� �f�i�l�t�e�r�e�d� 

�a�n�d� �t�h�e� �f�i�l�t�r�a�t�e� �w�a�s� �t�h�e�n� �p�r�e�c�i�p�i�t�a�t�e�d� �i�n�t�o� �i�c�e� �w�a�t�e�r� �m�i�x�t�u�r�e�.� �T�h�e� �c�r�u�d�e� �p�r�o�d�u�c�t� 

�w�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �d�i�e�t�h�y�l� �e�t�h�e�r� �a�n�d� �w�a�s�h�e�d� �r�e�p�e�a�t�e�d�l�y� �w�i�t�h� �w�a�t�e�r� �u�n�t�i�l� �a� �n�e�u�t�r�a�l� 

�s�o�l�u�t�i�o�n� �w�a�s� �o�b�t�a�i�n�e�d�.� �D�i�e�t�h�y�l� �e�t�h�e�r� �w�a�s� �r�e�m�o�v�e�d� �a�n�d� �8�5�%� �y�i�e�l�d� �o�f� �t�h�e� �c�r�u�d�e� 

�2�,�2�'�-�b�i�s�(�n�i�t�r�o�-�4�-�h�y�d�r�o�x�y�p�h�e�n�y�l�)� �p�r�o�p�a�n�e� �w�a�s� �o�b�t�a�i�n�e�d�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �p�r�o�d�u�c�t� �w�a�s� 

�c�r�y�s�t�a�l�l�i�z�e�d� �(�3� �-�4� �t�i�m�e�s�)� �w�i�t�h� �a�c�e�t�i�c� �a�c�i�d� �a�n�d� �d�r�i�e�d� �i�n� �a� �v�a�c�u�u�m� �o�v�e�n� �a�t� �8�0�°�C� �f�o�r� �8� 

�h�o�u�r�s�.� �T�h�e� �c�r�y�s�t�a�l�l�i�z�e�d� �p�r�o�d�u�c�t� �h�a�d� �a� �m�e�l�t�i�n�g� �p�o�i�n�t� �o�f� �1�3�3�-�1�3�5�°�C�.� 

�T�h�e� �n�i�t�r�o� �g�r�o�u�p�s� �w�e�r�e� �r�e�d�u�c�e�d� �t�o� �t�h�e� �a�m�i�n�e�s� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �p�r�o�c�e�d�u�r�e�.� 

�T�o� �a� �1�0�0�0� �m�l� �f�o�u�r� �n�e�c�k� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �e�q�u�i�p�p�e�d� �w�i�t�h� �a� �m�e�c�h�a�n�i�c�a�l� �s�t�i�r�r�e�r�,� �a� 

�n�i�t�r�o�g�e�n� �i�n�l�e�t�,� �t�h�e�r�m�o�m�e�t�e�r�,� �a�d�d�i�t�i�o�n� �f�u�n�n�e�l� �a�n�d� �a� �c�o�n�d�e�n�s�e�r� �w�a�s� �a�d�d�e�d� �1�9�.�8�8� �g� 

�(�0�.�0�6�2�5� �m�o�l�e�s�)� �o�f� �2�,�2�'�-�b�i�s�(�n�i�t�r�o�-�4�-�h�y�d�r�o�x�y� �p�h�e�n�y�l�)� �p�r�o�p�a�n�e� �a�l�o�n�g� �w�i�t�h� �0�.�9�9� �g� �(�5� 

�w�t�%�)� �o�f� �1�0�%� �P�d�/�C�a�r�b�o�n� �a�n�d� �w�a�s�h�e�d� �w�i�t�h� �2�0�0�m�l� �o�f� �e�t�h�a�n�o�l�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� 

�s�l�o�w�l�y� �h�e�a�t�e�d� �a�n�d� �w�h�e�n� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �r�e�a�c�h�e�d� �a�b�o�u�t� �4�5�°�C�,� �2�4� �m�l� �(�0�.�5�0�0�0� 

�m�o�l�e�s�)� �o�f� �h�y�d�r�a�z�i�n�e� �w�a�s� �a�d�d�e�d� �d�r�o�p�w�i�s�e�.� �W�h�e�n� �t�h�e� �a�d�d�i�t�i�o�n� �w�a�s� �c�o�m�p�l�e�t�e�,� �t�h�e� 

�m�i�x�t�u�r�e� �w�a�s� �r�e�f�l�u�x�e�d� �f�o�r� �a�d�d�i�t�i�o�n�a�l� �3� �h�o�u�r�s�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �m�i�x�t�u�r�e� �w�a�s� �f�i�l�t�e�r�e�d� 

�t�h�r�o�u�g�h� �c�e�l�i�t�e� �a�n�d� �w�a�s�h�e�d� �w�i�t�h� �2�0�0� �m�l� �h�o�t� �e�t�h�a�n�o�l�.� �T�h�e� �f�i�r�s�t� �c�r�o�p� �o�f� �w�h�i�t�e� 

�c�r�y�s�t�a�l�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �a�n�d� �a� �s�e�c�o�n�d� �c�r�o�p� �o�f� �w�h�i�t�e� �c�r�y�s�t�a�l�s� �w�e�r�e� �c�o�l�l�e�c�t�e�d� �b�y� 

�r�e�d�u�c�i�n�g� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �f�i�l�t�r�a�t�e�.� �T�h�e� �t�o�t�a�l� �y�i�e�l�d� �o�f� �2�,�2�'�-�b�i�s�(�3�-�a�m�i�n�o�-�4�-� 

�h�y�d�r�o�x�y�p�h�e�n�y�l�)� �p�r�o�p�a�n�e� �f�r�o�m� �2�,�2�'�-�b�i�s�(�3�-�n�i�t�r�o�-�4�-�h�y�d�r�o�x�y�p�h�e�n�y�l�)� �p�r�o�p�a�n�e� �w�a�s� �4�8�%� 

�(�7�.�8�0� �g� �)� �a�n�d� �t�h�e� �m�e�l�t�i�n�g� �p�o�i�n�t� �w�a�s� �2�4�9�°�C�.� 
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�3�.�3�.�2� �S�y�n�t�h�e�s�i�s� �o�f� �3�-�A�m�i�n�o�p�h�e�n�y�l�-�b�i�s�(�4�-�f�l�u�o�r�o�p�h�e�n�y�l�)�p�h�o�s�p�h�i�n�e� �O�x�i�d�e� 
�(�A�m�i�n�o� �D�F�T�P�P�O�)� 

�T�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �b�i�s�(�4�-�f�l�u�o�r�o�p�h�e�n�y�l�)�-�3�-�a�m�i�n�o�p�h�e�n�y�l�p�h�o�s�p�h�i�n�e� �o�x�i�d�e� 

�(�A�m�i�n�o� �D�F�T�P�P�O�)� �w�a�s� �s�y�n�t�h�e�s�i�z�e�d� �b�y� �n�i�t�r�a�t�i�o�n� �o�f� �b�i�s�(�4�-�f�l�u�o�r�o�p�h�e�n�y�l�)�p�h�e�n�y�|� 

�p�h�o�s�p�h�i�n�e� �o�x�i�d�e� �(�D�F�T�P�P�O�)� �t�o� �o�b�t�a�i�n� �b�i�s�(�4�-�f�l�u�o�r�o�p�h�e�n�y�l�)�-�3�-�n�i�t�r�o�p�h�e�n�y�l�p�h�o�s�p�h�i�n�e� 

�o�x�i�d�e� �(�N�i�t�r�o� �D�F�T�P�P�O�)� �w�h�i�c�h� �w�a�s� �t�h�e�n� �r�e�d�u�c�e�d� �u�s�i�n�g� �S�n�C�l�2�*�H�C�!� �w�i�t�h� �e�t�h�a�n�o�l� �t�o� 

�y�i�e�l�d� �a�m�i�n�o� �D�F�T�P�P�O�.� �T�h�e� �r�e�a�c�t�i�o�n� �s�c�h�e�m�e� �i�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �2�2�.� �T�h�e� 

�2�,�2�'�-�b�i�s�(�4�-�h�y�d�r�o�x�y�-�3�-�n�i�t�r�o�p�h�e�n�y�l�)�p�r�o�p�a�n�e� �w�a�s� �s�y�n�t�h�e�s�i�z�e�d� �u�s�i�n�g� �t�h�e� �f�o�l�l�o�w�i�n�g� 

�p�r�o�c�e�d�u�r�e�.� �T�o� �a� �5�0�0�m�l� �f�o�u�r� �n�e�c�k� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �e�q�u�i�p�p�e�d� �w�i�t�h� �a� �m�e�c�h�a�n�i�c�a�l� 

�s�t�i�r�r�e�r�,� �n�i�t�r�o�g�e�n� �i�n�l�e�t�,� �t�h�e�r�m�o�m�e�t�e�r�,� �a�n�d� �a�n� �a�d�d�i�t�i�o�n� �f�u�n�n�e�l� �w�a�s� �a�d�d�e�d� �2�2�.�7�9�g� 

�(�0�.�0�7�2�5� �m�o�l�e�s�)� �o�f� �D�F�T�P�P�O� �a�n�d� �2�0�0�m�l� �H�2�S�O�4�.� �T�h�e� �c�o�n�t�e�n�t�s� �w�e�r�e� �s�t�i�r�r�e�d� �a�t� 

�r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �u�n�t�i�l� �a� �h�o�m�o�g�e�n�e�o�u�s� �s�o�l�u�t�i�o�n� �w�a�s� �o�b�t�a�i�n�e�d�.� �T�h�e�n� �t�h�e� �f�l�a�s�k� 

�w�a�s� �i�m�m�e�r�s�e�d� �i�n� �a� �i�c�e� �w�a�t�e�r� �b�a�t�h� �u�n�t�i�l� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �i�n�s�i�d�e� �t�h�e� �f�l�a�s�k� �r�e�a�c�h�e�d� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �5�°�C�.� �A�t� �t�h�i�s� �p�o�i�n�t�,� �a� �s�o�l�u�t�i�o�n� �o�f� �7�.�5�1�g� �(�0�.�0�8�3�4� �m�o�l�e�s�)� �o�f� �H�N�O�3� �a�n�d� 

�2�8�m�l� �H�2�S�O�z�,� �i�n� �a�n� �a�d�d�i�t�i�o�n� �f�u�n�n�e�l� �w�a�s� �i�n�t�r�o�d�u�c�e�d� �d�r�o�p�w�i�s�e�.� �W�h�e�n� �t�h�e� �a�d�d�i�t�i�o�n� 

�w�a�s� �c�o�m�p�l�e�t�e�,� �t�h�e� �i�c�e� �w�a�t�e�r� �b�a�t�h� �w�a�s� �r�e�m�o�v�e�d� �a�n�d� �s�t�i�r�r�e�d� �f�o�r� �a�n�o�t�h�e�r� �h�a�l�f� �h�o�u�r�.� 

�T�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �w�a�s� �t�h�e�n� �s�l�o�w�l�y� �p�o�u�r�e�d� �i�n�t�o� �3�0�0�0�m�l� �o�f� �w�a�t�e�r� �a�n�d� �i�c�e�.� �T�h�e� 

�p�r�e�c�i�p�i�t�a�t�e� �w�a�s� �f�i�l�t�e�r�e�d� �a�n�d� �w�a�s�h�e�d� �w�i�t�h� �a� �c�o�p�i�o�u�s� �a�m�o�u�n�t� �o�f� �w�a�t�e�r�.� �I�t� �w�a�s� �t�h�e�n� 

�d�i�s�s�o�l�v�e�d� �i�n� �c�h�l�o�r�o�f�o�r�m�,� �f�i�l�t�e�r�e�d� �a�n�d� �w�a�s�h�e�d� �w�i�t�h� �w�a�t�e�r� �t�w�o� �t�i�m�e�s�,� �o�n�c�e� �w�i�t�h� �a� 

�a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n� �o�f� �s�o�d�i�u�m� �b�i�c�a�r�b�o�n�a�t�e�,� �a�n�d� �t�h�e�n� �f�i�n�a�l�l�y� �w�i�t�h� �a� �s�a�t�u�r�a�t�e�d� �s�o�d�i�u�m� 

�c�h�l�o�r�i�d�e� �s�o�l�u�t�i�o�n�.� �T�h�e� �c�h�l�o�r�o�f�o�r�m� �l�a�y�e�r� �w�a�s� �s�e�p�a�r�a�t�e�d� �a�n�d� �d�r�i�e�d� �w�i�t�h� �m�a�g�n�e�s�i�u�m� 

�s�u�l�f�a�t�e� �a�n�d� �r�e�m�o�v�a�l� �o�f� �c�h�l�o�r�o�f�o�r�m� �r�e�s�u�l�t�e�d� �i�n� �a�p�p�r�o�x�i�m�a�t�e�l�y� �9�0�%� �y�i�e�l�d� �o�f� �t�h�e� 

�c�r�u�d�e� �p�r�o�d�u�c�t� �w�h�i�c�h� �w�a�s� �a� �y�e�l�l�o�w� �m�a�t�e�r�i�a�l� �w�i�t�h� �a� �m�e�l�t�i�n�g� �p�o�i�n�t� �o�f� �1�4�6�-�1�4�8�°�C�.� 

�T�h�i�s� �m�a�t�e�r�i�a�l� �w�a�s� �u�s�e�d� �w�i�t�h�o�u�t� �f�u�r�t�h�e�r� �p�u�r�i�f�i�c�a�t�i�o�n� �f�o�r� �t�h�e� �r�e�d�u�c�t�i�o�n� �o�f� �t�h�e� �n�i�t�r�o� 

�g�r�o�u�p�s� �t�o� �t�h�e� �a�m�i�n�e�s�.� 
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