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(ABSTRACT) 

This dissertation describes investigations of several methodologies appropriate for 

the synthesis of aromatic poly(amide-imides). An evaluation of the relative merits and 

drawbacks of each method has also been made based on molecular, thermal and solid state 

characterization of the polymers. The synthesis of both high molecular weight as well as 

controlled molecular weight systems has been attempted. 

A detailed study of the route employing an acid chloride-anhydride has been 

conducted, which has particularly emphasized the use of quantitative non-aqueous 

titrimetry and proton NMR. Residual acid was found to limit molecular weight. 

Hydrolytic side reactions promoted by the acid have been proposed and were subsequently 

confirmed. Employment of an acid scavenger such as triethyl amine as well as the effect of 

alternative work-up procedures on the residual acid content in the polymer has also been 

determined. 

The Yamazaki catalytic amidation reaction was found to be the most efficient among 

the various synthetic routes explored in this dissertation and it was used to generate a wide 

range of moderate to very high molecular weight polymers. Characterization of the 

soluble, amorphous polymers included solution viscometry in conjunction with gel



permeation chromatography, vapor pressure osmometry and low angle laser light 

scattering. The various methods showed good correlation to one another and represent the 

first extensive solution characterization of soluble poly(amide-imides). 

The catalytic imidization of o- ester acids was found to be a novel and rapid route 

with a lot of promise. 

Solid state transitions were investigated using a combination of a variety of 

techniques including DSC, Wide angle X-ray scattering, dynamic mechanical thermal 

analysis and dynamic melt rheometry. Many of the para- linkage containing homopolymers 

showed the tendency to develop crystallinity upon thermal treatment even though the initial 

“worked-up” polymers were amorphous. This aspect has hitherto not been reported and 

promises to be extremely valuable in allowing initially amorphous polymers to be easily 

processed to the desired shapes followed by a thermal treatment to develop crystallinity that 

would enhance solvent resistance and thermooxidative stability. 

Some novel poly(amide-imides) were also synthesized that showed improvements 

in existing properties such as increased flame-retardancy and elevated glass transition 

temperatures.
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CHAPTER 1 

INTRODUCTION 

In the relentless search for polymeric materials for high temperature applications, 

two essential criteria have been specified - good thermal and oxidative stability at 

elevated temperatures (usually > 200°C) for continuous use and retention of mechanical 

properties and structural integrity at these temperatures. Many of the "high performance” 

applications call for materials that can perform under repeated static and/or cyclic loading 

cycles, in environments that are aggresive, in the presence of particulate or 

electromagnetic radiation and often resist the action of organic solvents. 

The intrinsic thermal and oxidative stability of aromatic structures has long been 

recognized and a variety of polymers have been synthesized in which benzene rings are 

linked together in chains or networks. The extreme example of this would be poly(p- 

phenylene). Such a structure would be extremely rigid and completely intractable and 

this necessitates the introduction of other groups or "spacers" separating the phenylene 

units. In most cases, the connecting groups expectedly are less stable than the rings and, 

the overall stability of the polymer is determined largely by the nature of these groups. 

Among the more stable linking groups that have been employed to generate such 

polymers are the amide (1), ester (2) and heterocyclic moieties such as the imide Q), 

imidazole 4, thiazole ©) and quinoxaline ©) rings. 

Aromatic poly(amide-imides) have attracted considerable attention since the early 

seventies (7),(8),9) as they bring together the superior mechanical properties associated 

with the amide groups with the high thermal stability associated with the imide ring. 

INTRODUCTION 1



These polymers have excellent high temperature properties with glass transition 

temperatures (Tg) typically above 270°C. 

Poly(amide-imides) do not exhibit the same level of thermal stability or 

performance at elevated temperatures as polyimides. This is exemplified by the higher 

weight loss of poly(amide-imides) than polyimides of similar structure during an 

isothermal thermogravimetric scan at 325°C over 400 hours‘!9) as also by the lower 

thermoplastic flow temperature under 1000 g. load when compared with polyimides (9), 

However, the performance of poly(amide-imides) at somewhat lower temperatures may 

be only marginally lower than that obtained with polyimides. Thus, while the higher 

temperature performance of polyimides prove superior, the all-round properties of 

poly(amide-imides) represent a very desirable technological combination. Some of the 

other attractive properties of poly(amide-imides) include 

a) Unusually high dielectric strength at elevated temperatures under 

humid conditions and after long term aging. 

b) Tough, smooth, slippery surfaces highly resistant to abrasion 

damage. 

c) Extreme resistance to film deterioration under heat and pressure. 

Commercially available poly(amide-imides) are best known by the trade name 

Torlon™ manufactured by the Amoco Chemical Corporation. These materials were an 

offshoot of Amoco's successful development of high temperature wire enamels. Apart 

from injection moldable grades, the Torlon polymers can also be extruded into rod, film 

and tubing profiles by proprietory processes. The superior mechanical properties of these 

polymers is underscored by virtue of displaying the highest strength of any commercial, 

unreinforced plastic in the world ()), with a tensile strength greater than 25,000 psi and a 
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heat distortion temperature of 525°F at 264 psi. Torlon polymers are generally solid-state 

polymerized after fabrication. This post-curing process increases the molecular weight 

and gives improved mechanical properties. The suggested post-cure schedule for Torlon 

laminates (12), for example, is 4 hours at 200°C, 4 hours at 225°C, 4 hours at 260°C 

and 2 hours at 300°C. 

Torlon polymers find use in premium markets for high temperature electrical 

connectors and other demanding electrical, electronic and aerospace applications. Apart 

from high tensile and flexural strengths, Torlon also shows very good creep resistance, 

particularly when reinforced by glass or graphite fiber. The creep resistance data for 

some of the grades of Torlon is displayed in Figure 1.1 (3), 

The present dissertation is concerned with the synthesis and characterization of 

soluble, processible, fully cyclized homo- and co- poly(amide-imides). A variety of 

synthetic routes have been explored in order to generate essentially polymers with the 

same chemical composition. Problems associated with the syntheses have been identified 

and optimization of the reaction conditions has been attempted. Extensive molecular 

weight studies have been conducted in order to correlate the results from a variety of 

techniques such as solution viscometry, 1H NMR, gel permeation chromatography, low 

angle laser light scattering and vapor pressure osmometry. In order to understand the 

transformations that may occur during processing better, investigations into the solid 

State transitions were also undertaken. Synthesis of poly(amide-imides) with novel 

structures have been disclosed. 

A comprehensive literature review has been presented in Chapter 2 with an 

overview of the use of high temperature performance polymers in general, followed by a 

discussion of the synthesis and characterization methodologies that have been employed. 
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In the experimental section that follows in Chapter 3, a detailed description of 

the procedures adopted for the purification of monomers and solvents, synthesis and 

purification of monomeric precursors, as well as the synthesis of poly(amide-imides) by 

different routes has been presented. Chapter 3 also provides a description of the various 

apparatus and techniques that have been employed in the characterization of these 

materials. 

A discussion of the experimental results that have been obtained has been 

elucidated in Chapter 4. This is followed by chapters covering the conclusions of the 

research, recommended future studies and the references cited in the dissertation. 

STATEMENT OF RESEARCH OBJECTIVES 

The broad research objectives of this dissertation maybe stated as 

1. To explore alternate routes to poly(amide-imide) synthesis and to evaluate the 

relative merits and drawbacks of each method. 

2. To investigate the solution properties of poly(amide-imides) for molecular weight 

characterization and to correlate the molecular weight data from the various 

methods with each other. 

3. To study the solid state transitions that occur in the 4,4’- oxydianiline based 

poly(amide-imides) in order to account for the poor melt processibility of these 

systems. 

4. To develop melt processible systems based on the information obtained from the 

studies in solid state transitions. 

5. To develop novel poly(amide-imides) with improved properties. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1. Introduction 

There are numerous scientific reports in the literature relating to the science and 

technology of poly(amide-imides). These range from the chemistry of synthesis through 

characterization of the physical properties and include technological applications of these 

materials for a number of commercial purposes. The current review will attempt to present 

firstly, an overview of high temperature performance polymers which include the 

poly(amide-imides). The historical developments of this class of polymers will then be 

provided. There are a number of alternate synthetic pathways to the synthesis of 

poly(amide-imides) that have been mentioned and some of the synthetic routes not 

investigated in this dissertation shall then be described. After an overview of the 

imidization reaction, the synthetic methods that have been employed in this dissertation 

will be described along with a description of novel poly(amide-imide) systems. The 

properties of commercially available poly(amide-imides) as well as the various techniques 

that have been used in the characterization of these polymers will also be reviewed. There 

iS an enormous amount of information in the open literature as well as in the patent 

literature on the commercial applications of poly(amide-imides). The concluding section in 

this chapter shall attempt to cover broadly several of these applications. 
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2.2 Overview of High Temperature Performance Polymers 

2.2.1. Introduction 

The search for materials with a high degree of thermal and chemical stability has 

been extensive, especially since 1960. An enormous effort has been focused on the 

development of "high performance” thermoplastic and thermosetting engineering polymers 

to meet the ever increasing demand for functional and structural materials. Research on 

such polymers was initiated primarily to provide material systems for advanced aircraft and 

other defense as well as for electronics industries. It was appreciated quite early in the 

research that candidates for high temperature structural adhesives, matrix resins, foams, 

coatings etc., would have to maintain structural integrity through thousands of hours of 

continuous operation at 200°C, hundreds of hours at 300°C, minutes at 540°C or even 

seconds at temperatures as high as 760°C (14), 

2.2.2. Structure-Property Relationships: 

One of the most important factors leading to the present generation of polymers was 

the recognition that thermal and oxidative stability are not at all identical. Polymer integrity 

could be destroyed by oxidation at temperatures far below that required to rupture a carbon- 

carbon bond by thermal scission. Thus, the usage of the term "high temperature stable” 

primarily implies oxidation resistance at elevated temperatures, as the bulk of the 

applications are in an atmosphere that contains significant levels of oxygen, eg. air, rather 

than merely inert gases. 

Semi-crystalline morphology is one way of promoting performance such as 

chemical resistance in polymers. It is reduced by a lack of symmetry and also by 
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intramolecular features, both of which may reduce the ability for ordered packing (15), On 

the other hand, crystallinity can be encouraged by reducing chain branching and enhancing 

the ease of ordered packing further by the use of monomers possessing high symmetry. 

Nucleating agents, pressure, stress, annealing and solvents are often used to induce 

crystallization and selected mechanical properties are improved with an increase in the 

degree of crystallinity (16),017), 

The study of the thermal stability of simple molecules and their bond strengths (18) 

has demonstrated that aromatic compounds are among the most thermally stable of organic 

compounds. Perhaps the most significant advance in the preparation of potentially useful 

heat resistant polymeric materials employ the synthetic techniques of copolymerization and 

polycyclization (19),20), The latter process has the considerable advantage of involving a 

processible intermediate "open chain" polymer, which permit fabrication before cyclization 

to that final, generally intractable, heterocyclic polymer. The classic example of thermally 

cured polyimides and poly(amide-imides) illustrates this feature. 

The aromatic-heterocyclic polymers are the most thermally resistant known 

presently and there are several factors which contribute to the observed behavior. The 

predominantly or completely aromatic, cyclic backbone structure has a very pronounced 

effect on high temperature behavior. For example, the ring structures induce an extremely 

high degree of rigidity to the polymer chain and this in turn is responsible for a high glass 

transition temperature (Tg). This high Tg afford polymeric systems which resist 

deformation and flow even at elevated temperatures. In many respects, such performance 

provides the benefits of crosslinked networks without the "penalties" formerly incurred. 

Virtually all of the aromatic heterocyclics can be prepared to high molecular weights while 

maintaining a linear structure. Furthermore, these polymers with high Ty values have 
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desirable structural properties at higher temperatures without the brittleness associated with 

most crosslinked polymeric networks or thermosets. 

Another consequence of the totally aromatic structure is higher density. This 

provides more polymer per unit volume than found in previous polymers. This causes the 

aromatic heterocyclics to exhibit higher strengths. 

The completely aromatic-heterocyclic structure is more oxidation resistant, as 

expected, because aromatic C-H or N-H bonds are, of course far less prone to oxidative 

attack than aliphatic C-H or N-H bonds. The aromatic and heterocyclic rings contribute to 

high resonance energies and thus, high heat resistance is realized. It has been recognized 

that the resonance stabilization and/or electron delocalization act as energy sinks and 

promote oxidative stability. 

Thus, molecular architecture plays a major role in the final properties of polymers. 

In general, the introduction of divalent atoms such as oxygen would provide a high degree 

of freedom of rotation to polymer chain segments and effect a lowering of the glass 

transition temperature. On the other hand, rigid, ring-like structures resist chain rotation 

and bending and thereby produce polymers with high first and second order transition 

temperatures. It can therefore be seen that an innovative design of molecular structures 

would result in polymers with high thermal stability and performance, while introducing 

ease of processibility, which is vital for the systems to realize their full potential of 

commercial viability. 

2.2.3. Future Challenges 

It is clear that the significance of the linearity-high Ty combination cannot be over- 

emphasized as it has engendered an entirely new family of structural adhesives and 
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laminating resins. It would therefore appear that the new polymers will be the answer toa 

designer's dream and fundamentally, this is true. However, certain problems have been 

identified in the synthesis, characterization and application of these aromatic-heterocyclic 

structures. 

A major issue is processibility. Most aromatic-heterocyclic polymers are generally 

characterized by extremely high polymer melt temperatures and solubility that ranges from 

poor to none. Another factor to be taken into account is that, in many of these polymers, 

high temperature processing is often associated with the evolution of volatile condensation 

products. These volatiles must be effectively removed, otherwise a porous resin phase 

would result. 

The improved performance of these polymers at elevated temperatures has also 

caused problems regarding testing procedures for oxidative stability and mechanical 

properties. Because thermogravimetric analysis and isothermal weight loss tests have not 

been universally standardized, it becomes quite difficult sometimes to correlate the stability 

of polymers that have been synthesized at different laboratories. Further, testing polymers 

for mechanical properties has become more difficult because of the troubles involved in 

accurate maintenance of temperature constancy, particularly during heat aging tests. This 

involves the use of more sensitive relays, better insulation and better temperature recorders 

as, a 10% error in temperature at 120°C is far more serious than a 5% error at 400°C. Over 

a period of many hours during heat aging, these temperature excursions could produce 

drastic differences in test data. 

One of the most serious and challenging problems created by these new polymers is 

to find correlations between tests and end-item's performance. The only safe evaluation of 
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�a�m�i�d�e�-�c�o�n�t�a�i�n�i�n�g� �a�r�o�m�a�t�i�c� �d�i�a�m�i�n�e�s� �r�e�a�c�t�e�d� �w�i�t�h� �d�i�a�n�h�y�d�r�i�d�e�s� �(�2�3�)�.� �A� �t�y�p�i�c�a�l� �r�e�a�c�t�i�o�n� 

�i�n�v�o�l�v�e�s� �t�h�e� �u�s�e� �o�f� �a�m�i�n�e�-�t�e�r�m�i�n�a�t�e�d� �d�i�a�m�i�d�e�s� �s�u�c�h� �a�s� �N�,�N�'�-�b�i�s�(�3�-�a�m�i�n�o� �p�h�e�n�y�l�)� 

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

�e�m�p�l�o�y�e�d� �t�o� �g�e�n�e�r�a�t�e� �p�o�l�y�a�m�i�d�e�s� �(�4�)�,� 

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

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

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

�a�e�r�o�s�p�a�c�e� �a�d�h�e�s�i�v�e� �a�n�d� �l�a�m�i�n�a�t�i�n�g� �a�p�p�l�i�c�a�t�i�o�n�s� �i�n� �t�h�e� �3�0�0�°�C� �r�a�n�g�e�.� �D�i�s�a�p�p�o�i�n�t�i�n�g�l�y�,� �t�h�e� 

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

�c�o�r�r�e�s�p�o�n�d�i�n�g� �p�o�l�y�i�m�i�d�e�s� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �d�i�s�c�o�n�t�i�n�u�a�n�c�e� �o�f� �r�e�s�e�a�r�c�h� �i�n� �1�9�6�5�.� 

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

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

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

�p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)� �p�o�l�y�m�e�r� �i�n� �1�9�6�4� �t�h�a�t� �w�a�s� �p�r�e�p�a�r�e�d� �f�r�o�m� �m�e�t�h�y�l�e�n�e� �d�i�a�n�i�l�i�n�e� �a�n�d� 

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

�w�i�r�e� �e�n�a�m�e�l�s� �a�n�d� �f�o�r� �e�l�e�c�t�r�i�c�a�l�-�g�r�a�d�e� �v�a�r�n�i�s�h�e�s� �c�a�p�a�b�l�e� �o�f� �c�o�n�t�i�n�u�o�u�s� �o�p�e�r�a�t�i�o�n� �a�t� �2�2�0�°�C�.� 

�S�i�n�c�e� �t�h�e�n�,� �s�e�v�e�r�a�l� �g�r�a�d�e�s� �o�f� �T�o�r�l�o�n!"�,� �c�o�m�m�e�r�c�i�a�l�l�y� �t�h�e� �b�e�s�t� �k�n�o�w�n� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)� 

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

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

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �1�3



�2�.�4�.� �R�e�v�i�e�w� �o�f� �t�h�e� �I�m�i�d�i�z�a�t�i�o�n� �R�e�a�c�t�i�o�n� 

�2�.�4�.�1�.� �I�n�t�r�o�d�u�c�t�i�o�n� 

�I�m�i�d�i�z�a�t�i�o�n� �i�s� �a� �k�e�y� �s�t�e�p� �i�n� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)� �s�y�n�t�h�e�s�i�s�,� �w�h�e�t�h�e�r� �i�t� �i�s� �i�n� �t�h�e� 

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

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

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

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

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

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

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

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

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

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

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

�2�.�4�.�2�.� �T�h�e�r�m�a�l� �I�m�i�d�i�z�a�t�i�o�n� 

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

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

�w�o�r�k� �o�f� �E�d�w�a�r�d�s� �(�2�5�)�.�(�2�6�)� �a�n�d� �E�n�d�r�e�y� �(�2�7�)�,�(�2�8�)�.�(�2�9�)� �i�n�v�o�l�v�e�s� �f�i�r�s�t�,� �t�h�e� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �a� 

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

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

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �1�4



�t�h�e�r�m�a�l�l�y� �c�y�c�l�o�d�e�h�y�d�r�a�t�e�d� �t�o� �t�h�e� �i�m�i�d�e�.� �S�c�h�e�m�e� �2�.�2� �d�e�s�c�r�i�b�e�s� �t�h�e� �o�v�e�r�a�l�l� �r�e�a�c�t�i�o�n� �f�r�o�m� 

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

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

�i�n� �s�o�l�u�t�i�o�n� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �r�e�a�c�t�i�o�n�.� �T�h�e�s�e� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �2�.�1�.� 

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

�b�e�n�z�o�n�i�t�r�i�l�e�,� �d�i�o�x�a�n�e�,� �b�u�t�y�r�o�l�a�c�t�o�n�e�,� �t�o�l�u�e�n�e�,� �c�y�c�l�o�h�e�x�a�n�e� �e�t�c�.� �O�v�e�r� �t�h�e� �y�e�a�r�s�,� �a� �l�a�r�g�e� 

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

�s�y�n�t�h�e�s�i�s� �(�3�9�)�,� �I�n�d�e�e�d�,� �t�h�e� �c�h�o�i�c�e� �o�f� �m�o�n�o�m�e�r�s� �i�s� �l�i�m�i�t�e�d� �o�n�l�y� �b�y� �o�n�e ��s� �i�m�a�g�i�n�a�t�i�o�n�.� 

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

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

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

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

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

�a�n�d� �m�a�i�n�t�e�n�a�n�c�e� �o�f� �l�o�w� �t�e�m�p�e�r�a�t�u�r�e�s� �G�3�1�)�.�G�2�)�,� �G�e�n�e�r�a�l�l�y�,� �t�e�m�p�e�r�a�t�u�r�e�s� �b�e�l�o�w� �7�5�°�C� �a�r�e� 

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

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

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

�w�o�u�l�d� �h�y�d�r�o�l�y�z�e� �t�h�e� �p�o�l�y�(�a�m�i�c� �a�c�i�d�)�.� 

�(�2�)� �E�x�t�e�n�s�i�v�e� �c�o�n�v�e�r�s�i�o�n� �t�o� �p�o�l�y�i�m�i�d�e� �a�b�o�v�e� �1�0�0�°�C� �m�a�y� �r�e�s�u�l�t� �i�n� �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� �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� �o�u�t� �o�f� �t�h�e� �r�e�a�c�t�i�o�n� 

�m�e�d�i�u�m�.� 

�(�3�)� �P�o�s�s�i�b�l�e� �t�r�a�n�s�a�m�i�d�a�t�i�o�n� �w�i�t�h� �t�h�e� �m�o�r�e� �c�o�m�m�o�n�l�y� �u�s�e�d� �a�m�i�d�e� �s�o�l�v�e�n�t�s�.� 
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�S�c�h�e�m�e� �2�.�2� �-� �G�e�n�e�r�a�l� �R�e�a�c�t�i�o�n� �o�f� �T�h�e�r�m�a�l� �I�m�i�d�i�z�a�t�i�o�n� �o�f� �P�r�o�m�e�l�l�i�t�i�c� �D�i�a�n�h�y�d�r�i�d�e� 
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�T�a�b�l�e� �2�.�1� �-� �L�i�s�t�i�n�g� �o�f� �s�o�l�v�e�n�t�s� �t�h�a�t� �h�a�v�e� �b�e�e�n� �u�s�e�d� �i�n� �P�o�l�y�(�a�m�i�c� �a�c�i�d�)� �S�y�n�t�h�e�s�i�s� 

� � 

�N�,�N�-� �d�i�m�e�t�h�y�l� �f�o�r�m�a�m�i�d�e� �N�-� �m�e�t�h�y�l�-�2�-� �p�y�r�r�o�l�i�d�i�n�o�n�e� 
� � 

�N�,�N�-� �d�i�e�t�h�y�l� �f�o�r�m�a�m�i�d�e� �p�y�r�i�d�i�n�e� 
� � 

�N�,�N�-� �d�i�e�t�h�y�l� �a�c�e�t�a�m�i�d�e� �d�i�m�e�t�h�y�l� �s�u�l�f�o�n�e� 
� � 

�N�,�N�-� �d�i�m�e�t�h�o�x�y�a�c�e�t�a�m�i�d�e� �h�e�x�a�m�e�t�h�y�l� �p�h�o�s�p�h�o�r�a�m�i�d�e� 
� � 

�N�-� �m�e�t�h�y�l� �c�a�p�r�o�l�a�c�t�a�m� �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�x�i�d�e� � � �N�-� �a�c�e�t�y�l�-�2�-� �p�y�r�r�o�l�i�d�i�n�o�n�e� 
� � 
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�U�s�u�a�l�l�y�,� �t�h�e� �p�o�l�y�(�a�m�i�c� �a�c�i�d�)� �f�o�r�m�a�t�i�o�n� �i�s� �c�a�r�r�i�e�d� �o�u�t� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �p�o�w�d�e�r�e�d� 

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

�t�e�m�p�e�r�a�t�u�r�e� �3�3�)�,� �T�h�e� �o�r�d�e�r� �o�f� �a�d�d�i�t�i�o�n� �a�p�p�e�a�r�s� �t�o� �b�e� �i�m�p�o�r�t�a�n�t� �a�s�,� �a�d�d�i�t�i�o�n� �o�f� �t�h�e� �d�i�a�m�i�n�e� 

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

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

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

�r�e�c�e�n�t�.� �V�o�l�k�e�n�s� �e�f� �a�l�.�(�3�4�)� �h�a�v�e� �r�e�p�o�r�t�e�d� �a� �s�e�r�i�e�s� �o�f� �p�o�l�y�(�a�m�i�c� �a�c�i�d�s�)� �w�i�t�h� �v�a�r�y�i�n�g� �m�o�l�e�c�u�l�a�r� 

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

�[�N�M�P�]� �a�s� �s�o�l�v�e�n�t�.� �C�o�m�p�a�r�i�s�o�n� �w�i�t�h� �m�e�a�s�u�r�e�m�e�n�t�s� �m�a�d�e� �u�s�i�n�g� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g� �i�n�d�i�c�a�t�e�d� 

�g�o�o�d� �a�g�r�e�e�m�e�n�t� �i�n� �t�h�e� �v�a�l�u�e�s� �3�4�)�.� 

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

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

�t�h�e�s�e� �p�r�e�c�a�u�t�i�o�n�s�,� �b�r�i�e�f� �e�x�c�u�r�s�i�o�n�s� �i�n� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� �m�o�i�s�t�u�r�e� �(�3�9�)�.�G�5�)� �h�a�v�e� �c�a�u�s�e�d� 

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

�s�u�b�s�e�q�u�e�n�t� �s�e�c�t�i�o�n�.� 

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

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

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

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

�h�a�s� �b�e�e�n� �c�o�n�f�i�r�m�e�d� �b�y� �W�a�l�k�e�r� �3�6�)� �w�h�o� �h�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �s�a�m�p�l�e�s� �p�e�r�i�o�d�i�c�a�l�l�y� �d�r�a�w�n� 

�o�u�t� �o�f� �t�h�e� �r�e�a�c�t�i�o�n� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �G�P�C� �s�h�o�w� �p�r�o�g�r�e�s�s�i�v�e� �r�e�d�u�c�t�i�o�n� �i�n� �<�M�y�>� �w�i�t�h� 

�<�M�,�y�>� �r�e�m�a�i�n�i�n�g� �e�s�s�e�n�t�i�a�l�l�y� �c�o�n�s�t�a�n�t�.� �T�h�i�s� �l�e�n�d�s� �c�r�e�d�e�n�c�e� �t�o� �t�h�e� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �o�v�e�r� �a� 

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

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

�a�c�i�d�s�)� �(�2�3�)�,�3�1�)�,�G�2�)�,�3�7�)�-�G�8�)�,� �R�i�n�g� �c�l�o�s�u�r�e� �r�e�s�u�l�t�s� �d�u�e� �t�o� �t�h�e� �l�o�s�s� �o�f� �w�a�t�e�r� �o�f� �i�m�i�d�i�z�a�t�i�o�n�.� 

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

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

�c�o�m�m�o�n�l�y� �a�d�o�p�t�e�d� �i�s� 

�o�n�e� �h�o�u�r� �a�t� �7�0�°�C� 

�o�n�e� �h�o�u�r� �a�t� �1�0�0�°�C� 

�o�n�e� �h�o�u�r� �a�t� �2�0�0�°�C� 

�o�n�e� �h�o�u�r� �a�t� �3�0�0�°�C� 

�C�o�o�l� �d�o�w�n� �t�o� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� 

�A� �s�i�g�n�i�f�i�c�a�n�t� �d�e�g�r�e�e� �o�f� �i�m�i�d�i�z�a�t�i�o�n� �o�c�c�u�r�s� �i�n� �t�h�e� �1�5�0�~�2�0�0�°�C� �r�a�n�g�e�.� �H�o�w�e�v�e�r�,� �o�n�e� 

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

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

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

�r�e�a�c�t�i�o�n� �b�y� �m�o�n�i�t�o�r�i�n�g� �t�h�e� �g�r�o�w�t�h� �o�f� �i�m�i�d�e� �b�a�n�d�s� �a�t� �1�7�8�0�~�1�7�7�0� �c�m�"�!�,� �1�7�3�0�~�1�7�2�0� �c�m�'�!�,� 

�1�1�4�0�~�1�1�0�0� �c�m�!� �a�n�d� �7�4�0�~�7�1�0� �c�m�-�!� �a�s� �w�e�l�l� �a�s� �b�y� �t�h�e� �d�i�s�a�p�p�e�a�r�a�n�c�e� �o�f� �1�5�5�0�~�1�5�4�0� �c�m�-�!� 

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

�r�a�t�e� �o�f� �i�m�i�d�i�z�a�t�i�o�n� �i�s� �s�t�r�o�n�g�l�y� �d�e�p�e�n�d�e�n�t� �o�n� �c�a�s�t�i�n�g� �s�o�l�v�e�n�t� �(�3�9�)�-�(�4�1�)�,� �f�i�l�m� �t�h�i�c�k�n�e�s�s� �4�2�)�,� 

�i�m�i�d�i�z�a�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �3�9�)�-�(�4�1�)�,�4�3�)�-�(�4�7�)� �a�n�d� �c�h�e�m�i�c�a�l� �s�t�r�u�c�t�u�r�e� �(�4�1�)�,�4�8�)�,� �K�r�u�e�z� �e�t�.� �a�l�.� �4�3�)� 

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

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

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

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

�c�a�l�o�r�i�m�e�t�r�y� �(�4�9�)�.� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �1�9



�2�.�4�.�3�.� �C�h�e�m�i�c�a�l� �I�m�i�d�i�z�a�t�i�o�n� 

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

�c�h�e�m�i�c�a�l� �m�e�a�n�s� �t�o� �y�i�e�l�d� �p�o�l�y�i�m�i�d�e�s�.� �E�n�d�r�e�y� �5�°�)� �r�e�p�o�r�t�e�d� �t�h�i�s� �s�y�n�t�h�e�t�i�c� �o�p�t�i�o�n� �a�n�d� 

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

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

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

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

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

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

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

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

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

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

�i�m�i�d�i�z�a�t�i�o�n� �a�n�d� �i�s�o�i�m�i�d�e� �f�o�r�m�a�t�i�o�n� �©�1�)�,�6�2�)�,� �N�-�a�c�y�l�a�t�i�o�n� �i�n� �t�h�e� �m�i�x�e�d� �a�n�h�y�d�r�i�d�e� �w�o�u�l�d� 

�y�i�e�l�d� �t�h�e� �i�m�i�d�e�,� �w�h�i�l�e� �O�-�a�c�y�l�a�t�i�o�n� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �t�h�e� �i�m�i�n�o�l�a�c�t�o�n�e� �(�o�r� �i�s�o�i�m�i�d�e�)� 

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

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

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

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

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

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

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2



�2�.�4�.�4�.� �S�o�l�u�t�i�o�n� �I�m�i�d�i�z�a�t�i�o�n� 

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

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

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

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

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

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

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

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

�T�h�e�r�m�a�l� �s�o�l�u�t�i�o�n� �i�m�i�d�i�z�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�s� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �©�3�)�,�0�4�)�,�6�5�)� �w�h�e�r�e�i�n� 

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

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

�s�u�c�h� �a�s� �1�6�0�~�2�0�0�°�C�.� �T�h�i�s� �h�a�s� �r�e�s�u�l�t�e�d� �i�n� �v�e�r�y� �p�o�s�i�t�i�v�e� �d�e�v�e�l�o�p�m�e�n�t�s� �a�n�d� �f�i�n�e� �t�u�n�i�n�g� �o�f� �t�h�e� 

�s�o�l�u�t�i�o�n� �i�m�i�d�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �(�5�6�)�-�(�6�0�)�,� 

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

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

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

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

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

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

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

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

�h�a�v�e� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �b�y� �K�i�m� �©�2�)� �u�s�i�n�g� �F�T�I�R� �a�n�d� �N�M�R� �s�p�e�c�t�r�o�s�c�o�p�y� �m�e�a�s�u�r�e�m�e�n�t�s�.� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �2�1



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

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

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

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

�2�.�4�.�5�.� �I�m�i�d�i�z�a�t�i�o�n� �o�f� �o�-�E�s�t�e�r� �A�c�i�d�s� 

�T�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �P�M�R� �p�o�l�y�i�m�i�d�e� �m�a�t�e�r�i�a�l�s� �h�a�s� �g�e�n�e�r�a�t�e�d� �a�n� �i�n�t�e�r�e�s�t�i�n�g� �r�o�u�t�e� �t�o� 

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

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

�c�a�p�p�e�d� �p�o�l�y�m�e�r�s� �u�n�d�e�r�g�o� �t�h�e�r�m�a�l� �c�u�r�i�n�g� �a�t� �t�e�m�p�e�r�a�t�u�r�e�s� �t�y�p�i�c�a�l�l�y� �a�r�o�u�n�d� �3�0�0�°�C� �t�o� �g�i�v�e� �a� 

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

�s�y�n�t�h�e�s�i�s� �o�f� �m�e�t�h�y�l�e�n�e� �d�i�a�n�i�l�i�n�e� �b�a�s�e�d� �P�M�R� �r�e�s�i�n� �i�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �2�.�3�.� 

�T�y�p�i�c�a�l�l�y�,� �t�h�e� �r�e�a�c�t�a�n�t�s� �u�s�e�d� �i�n� �t�h�e� �s�y�n�t�h�e�s�i�s� �a�r�e� �3�.�3 ��,�4�,�4 ��-�b�e�n�z�o�p�h�e�n�o�n�e� 

�t�e�t�r�a�c�a�r�b�o�x�y�l�i�c� �a�c�i�d� �d�i�m�e�t�h�y�l� �e�s�t�e�r� �[�B�T�D�E�]� �a�n�d� �¢�4�,�4 ��-�m�e�t�h�y�l�e�n�e� �d�i�a�n�i�l�i�n�e� �[�M�D�A�]� �w�i�t�h� �5�-� 

�n�o�r�b�o�r�n�e�n�e�-�2�,�3�-�d�i�c�a�r�b�o�x�y�l�i�c� �a�c�i�d� �m�e�t�h�y�l� �e�s�t�e�r� �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�.� �T�h�e� 

�r�e�a�c�t�i�o�n� �o�c�c�u�r�s� �i�n� �t�w�o� �s�t�a�g�e�s�;� �f�i�r�s�t�,� �a� �l�o�w� �t�e�m�p�e�r�a�t�u�r�e� �(�1�2�0�~�2�3�0�°�C�)� �i�m�i�d�i�z�a�t�i�o�n� �f�o�l�l�o�w�e�d� 

�b�y� �a� �h�i�g�h� �t�e�m�p�e�r�a�t�u�r�e� �(�2�7�5�~�3�2�5�°�C�)� �t�h�e�r�m�a�l� �c�r�o�s�s�-�l�i�n�k�i�n�g�.� 

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

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

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

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

�i�m�i�d�e�.� �T�h�e� �m�e�c�h�a�n�i�s�m� �h�o�w�e�v�e�r�,� �d�o�e�s� �n�o�t� �e�x�p�l�a�i�n� �t�h�e� �d�e�m�o�n�s�t�r�a�t�e�d� �d�i�f�f�i�c�u�l�t�y� �(�6�3�)� �o�f� 

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

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

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �~�A�s
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�d�u�e� �t�o� �r�e�v�e�r�s�i�b�i�l�i�t�y� �o�f� �t�h�e� �o�-�e�s�t�e�r� �a�c�i�d� �f�o�r�m�a�t�i�o�n�,� �b�u�t� �i�n�d�e�e�d�,� �a� �r�e�a�l� �i�n�t�e�r�m�e�d�i�a�t�e� �i�n� �t�h�e� 

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

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

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

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

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

�t�e�m�p�e�r�a�t�u�r�e�s� �e�m�p�l�o�y�e�d� �t�o� �s�y�n�t�h�e�s�i�z�e� �t�h�e� �i�m�i�d�e�.� �T�h�e� �r�e�a�c�t�i�o�n� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�c�h�e�m�e� �2�.�4�.� 

�M�o�y� �(�6�6�)� �h�a�s� �u�t�i�l�i�z�e�d� �t�h�i�s� �r�e�a�c�t�i�o�n� �t�o� �r�e�a�l�i�z�e� �a� �s�e�r�i�e�s� �o�f� �c�o�n�t�r�o�l�l�e�d� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� 

�p�o�l�y�i�m�i�d�e�s�.� 

�2�.�4�.�6�.� �H�y�d�r�o�l�y�t�i�c� �S�i�d�e� �R�e�a�c�t�i�o�n�s� �i�n� �t�h�e� �I�m�i�d�i�z�a�t�i�o�n� �P�r�o�c�e�s�s� 

�I�t� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �b�y� �m�a�n�y� �r�e�s�e�a�r�c�h�e�r�s� �(�4�2�)�,�(�4�7�)�,�(�6�2�)�,�(�6�7�)�-�(�7�7�)� �t�h�a�t� �d�u�r�i�n�g� �t�h�e�r�m�a�l� 

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

�l�e�a�s�t� �v�i�s�c�o�s�i�t�y�.� �D�i�n�e�-�H�a�r�t� �e�t�.� �a�l�.� �4�2�)� �h�a�v�e� �d�e�s�c�r�i�b�e�d� �t�h�i�s� �b�e�h�a�v�i�o�r� �w�h�i�l�e� �e�x�a�m�i�n�i�n�g� �s�o�l�u�t�i�o�n� 

�c�a�s�t� �f�i�l�m�s� �a�t� �v�a�r�i�o�u�s� �s�t�a�g�e�s� �o�f� �i�m�i�d�i�z�a�t�i�o�n�.� �N�e�c�h�a�y�e�v� �e�t�.� �a�l�.� �(�©�8�)� �r�e�p�o�r�t�e�d� �a� �d�e�c�r�e�a�s�e� �i�n� 

�<�M�,�>� �o�f� �t�h�e� �p�o�l�y�(�a�m�i�c� �a�c�i�d�s�)� �i�n� �t�h�e� �f�i�r�s�t� �f�e�w� �m�i�n�u�t�e�s� �o�f� �t�h�e� �r�e�a�c�t�i�o�n� �a�t� �1�5�0�°�C� �f�r�o�m� �1�7�,�0�0�0� 

�t�o� �2�,�5�0�0� �g�/�m�o�l�e� �d�u�r�i�n�g� �s�o�l�u�t�i�o�n� �a�n�d� �s�o�l�i�d� �p�h�a�s�e� �i�m�i�d�i�z�a�t�i�o�n� �p�r�o�c�e�s�s�e�s�.� 

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

�s�p�e�c�t�r�o�s�c�o�p�i�c� �d�a�t�a� �(�4�7�)�,�(�7�1�)�-�(�7�6�)�,� �U�V�-�V�I�S� �s�p�e�c�t�r�o�s�c�o�p�y� �(�7�1�)� �h�a�s� �b�e�e�n� �u�s�e�d� �t�o� �o�b�s�e�r�v�e� �t�h�e� 

�d�r�o�p� �i�n� �<�M�y�>� �d�u�r�i�n�g� �s�o�l�i�d� �p�h�a�s�e� �i�m�i�d�i�z�a�t�i�o�n� �a�t� �1�5�0�°�C�.� 

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

�g�r�o�u�p�s� �d�u�r�i�n�g� �t�h�e�r�m�a�l� �i�m�i�d�i�z�a�t�i�o�n� �(�7�2�)�-�(�7�4�)�,� �U�s�i�n�g� �a�n� �i�n�-�s�i�t�u� �d�i�f�f�u�s�e� �r�e�f�l�e�c�t�a�n�c�e� �F�T�I�R� 

�t�e�c�h�n�i�q�u�e�,� �Y�o�u�n�g� �e�t�.� �a�l�.� �(�4�7�)� �d�e�t�e�r�m�i�n�e�d� �t�h�a�t� �t�h�e� �p�o�l�y�i�m�i�d�e� �p�r�e�c�u�r�s�o�r� �d�e�v�e�l�o�p�e�d� �a�n� 

�a�n�h�y�d�r�i�d�e� �b�a�n�d� �a�r�o�u�n�d� �1�8�5�0� �c�m�!� �d�u�r�i�n�g� �i�m�i�d�i�z�a�t�i�o�n� �w�h�i�c�h� �d�i�s�a�p�p�e�a�r�e�d� �d�u�r�i�n�g� �t�h�e� �f�i�n�a�l� 
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�S�c�h�e�m�e� �2�.�4� �-� �P�r�o�p�o�s�e�d� �M�e�c�h�a�n�i�s�m� �o�f� �I�m�i�d�i�z�a�t�i�o�n� �f�r�o�m� �o�-�E�s�t�e�r� �a�c�i�d� �(�6�4�)� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �I�n�)



�s�t�a�g�e�s� �o�f� �c�u�r�e�.� �Y�o�u�n�g� �e�t�.� �a�l�.� �(�7�5�)� �h�a�v�e� �a�l�s�o� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �t�h�e�r�m�a�l� �i�m�i�d�i�z�a�t�i�o�n� �p�r�o�c�e�s�s� �f�o�r� 

�s�o�l�u�b�l�e� �p�o�l�y�i�m�i�d�e� �s�y�s�t�e�m�s� �b�y� �s�t�a�g�i�n�g� �t�h�e� �h�e�a�t�i�n�g� �a�t� �2�5�°�C� �i�n�t�e�r�v�a�l�s� �u�p� �t�o� �3�2�5�°�C�.� �A�t� �e�a�c�h� 

�i�n�t�e�r�v�a�l�,� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �w�a�s� �d�o�n�e� �b�y� �s�e�v�e�r�a�l� �a�n�a�l�y�t�i�c�a�l� �m�e�t�h�o�d�s� �s�u�c�h� �a�s� �F�T�I�R� 

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

�v�i�s�c�o�m�e�t�r�y�.� �I�t� �h�a�s� �b�e�e�n� �d�e�m�o�n�s�t�r�a�t�e�d� �(�4�2�)� �t�h�a�t� �t�h�e� �v�i�s�c�o�s�i�t�i�e�s� �o�f� �t�h�e� �d�i�s�s�o�l�v�e�d� �f�i�l�m�s� 

�d�e�c�r�e�a�s�e�d� �a�t� �i�n�i�t�i�a�l� �s�t�a�g�e�s� �o�f� �c�u�r�i�n�g�,� �r�e�a�c�h�i�n�g� �a� �m�i�n�i�m�u�m� �i�n� �t�h�e� �1�5�0�~�2�0�0�°�C� �i�n�t�e�r�v�a�l�,� �a�n�d� 

�t�h�e�n�,� �i�n�c�r�e�a�s�e� �a�g�a�i�n� �u�p�o�n� �p�r�o�l�o�n�g�e�d� �c�u�r�i�n�g� �a�b�o�v�e� �2�0�0�°�C�.� �T�h�e� �F�T�I�R� �s�t�u�d�i�e�s� �a�l�s�o� �c�o�r�r�e�l�a�t�e� 

�w�e�l�l� �w�i�t�h� �t�h�i�s� �b�e�h�a�v�i�o�r� �w�i�t�h� �t�h�e� �a�n�h�y�d�r�i�d�e� �c�a�r�b�o�n�y�l� �n�e�a�r� �1�8�5�6� �c�m�:�!� �a�p�p�e�a�r�i�n�g� �f�i�r�s�t� �a�t� �2�5�°�C�.� 

�I�t�s� �i�n�t�e�n�s�i�t�y� �i�n�c�r�e�a�s�e�s� �w�i�t�h� �t�e�m�p�e�r�a�t�u�r�e�,� �w�i�t�h� �a� �m�a�x�i�m�u�m� �i�n�t�e�n�s�i�t�y� �a�t� �1�5�0�°�C�.� �T�h�e� �b�a�n�d� 

�t�h�e�n� �b�e�g�i�n�s� �t�o� �d�e�c�r�e�a�s�e� �a�n�d� �a�l�m�o�s�t� �c�o�m�p�l�e�t�e�l�y� �d�i�s�a�p�p�e�a�r�s� �a�t� �3�2�5�°�C�.� 

�K�i�m� �(�6�2�)� �e�x�t�e�n�d�e�d� �t�h�i�s� �s�t�u�d�y� �t�o� �s�o�l�u�t�i�o�n� �i�m�i�d�i�z�a�t�i�o�n� �p�r�o�c�e�s�s�e�s�.� �H�e� �d�e�m�o�n�s�t�r�a�t�e�d� 

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

�i�n�c�r�e�a�s�i�n�g� �a�g�a�i�n� �d�u�r�i�n�g� �t�h�e� �l�a�t�t�e�r� �s�t�a�g�e�s� �o�f� �i�m�i�d�i�z�a�t�i�o�n�.� �1�H� �N�M�R� �s�t�u�d�i�e�s� �p�e�r�f�o�r�m�e�d� �o�n� 

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

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

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

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

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

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

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

�c�o�n�c�e�n�t�r�a�t�i�o�n� �(�7�7�)�,� �T�h�i�s� �w�a�s� �e�s�s�e�n�t�i�a�l�l�y� �t�h�e� �s�a�m�e� �b�e�h�a�v�i�o�r� �r�e�p�o�r�t�e�d� �i�n� �t�h�e� �b�u�l�k� �i�m�i�d�i�z�a�t�i�o�n� 

�p�r�o�c�e�s�s�.� 
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�2�.�5� �R�e�p�o�r�t�e�d� �R�o�u�t�e�s� �t�o� �P�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)� �S�y�n�t�h�e�s�i�s� 

�2�.�5�.�1�.� �I�n�t�r�o�d�u�c�t�i�o�n� 

�T�h�e� �m�o�s�t� �w�i�d�e�l�y� �r�e�p�o�r�t�e�d� �s�y�n�t�h�e�s�e�s� �o�f� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �i�n�v�o�l�v�e� �t�h�e� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�2�.�5�.�2�.� �A�m�i�d�a�t�i�o�n� �o�f� �A�m�i�n�e�s� �u�s�i�n�g� �A�c�i�d� �C�h�l�o�r�i�d�e�s� �c�o�n�t�a�i�n�i�n�g� �I�m�i�d�e� 

�L�i�n�k�s� 

�W�r�a�s�i�d�l�o� �e�t�.� �a�l�.� �(�7�8�)� �r�e�c�o�g�n�i�z�e�d� �t�h�e� �d�r�a�w�b�a�c�k�s� �o�f� �t�h�e�r�m�a�l� �i�m�i�d�i�z�a�t�i�o�n�,� �w�h�i�c�h� �w�a�s� 

�w�i�d�e�l�y� �a�c�c�e�p�t�e�d� �a�t� �t�h�a�t� �t�i�m�e� �a�s� �t�h�e� �p�r�i�n�c�i�p�a�l� �m�e�a�n�s� �f�o�r� �p�o�l�y�i�m�i�d�e� �s�y�n�t�h�e�s�i�s� �(�7�9�)�;� �p�r�i�n�c�i�p�a�l� 
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�a�m�o�n�g� �t�h�e�s�e� �b�e�i�n�g� �s�i�d�e� �r�e�a�c�t�i�o�n�s� �l�e�a�d�i�n�g� �t�o� �c�r�o�s�s�-�l�i�n�k�e�d� �p�r�o�d�u�c�t�s� �r�e�s�u�l�t�i�n�g� �i�n� �i�n�s�o�l�u�b�l�e� 

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

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

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

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

�s�u�c�c�e�s�s�f�u�l�l�y� �a�p�p�l�i�e�d� �w�i�t�h� �o�t�h�e�r� �h�e�t�e�r�o�-�r�i�n�g�-�c�o�n�t�a�i�n�i�n�g� �a�r�o�m�a�t�i�c� �p�o�l�y�m�e�r�s� �(�8�9�)�-�@�3�)� �s�u�c�h� �a�s� 

�p�o�l�y�b�e�n�z�i�m�i�d�i�z�o�l�e�s� �a�n�d� �p�o�l�y�o�x�a�d�i�a�z�o�l�e�s�.� 

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

�b�y� �t�h�e� �c�o�n�d�e�n�s�a�t�i�o�n� �o�f� �2� �m�o�l�e�s� �t�r�i�m�e�l�l�i�t�i�c� �a�c�i�d� �a�n�h�y�d�r�i�d�e� �w�i�t�h� �o�n�e� �m�o�l�e� �o�f� �a�r�o�m�a�t�i�c� 

�d�i�a�m�i�n�e�s� �s�u�c�h� �a�s� �4�,�4 ��-�o�x�y�d�i�a�n�i�l�i�n�e� �a�n�d� �4�,�4 ��-�d�i�a�m�i�n�o�d�i�p�h�e�n�y�l� �s�u�l�f�o�n�e�.� �T�h�e� �r�e�a�c�t�i�o�n�s� 

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

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

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

�c�a�t�a�l�y�t�i�c� �a�m�o�u�n�t�s� �o�f� �d�i�m�e�t�h�y�l� �f�o�r�m�a�m�i�d�e�.� �T�h�e� �s�y�n�t�h�e�s�i�s� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�c�h�e�m�e� �2�.�5�.� 

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

�g�e�n�e�r�a�t�e� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �(�7�8�)�,�8�4�)� �a�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�c�h�e�m�e� �2�.�6�,� �u�s�i�n�g� �p�y�r�i�d�i�n�e� �a�s� �t�h�e� 

�a�c�i�d� �s�c�a�v�e�n�g�e�r�.� �W�h�e�n� �/�,�4�-�p�h�e�n�y�l�e�n�e� �d�i�a�m�i�n�e� �o�r� �b�e�n�z�i�d�e�n�e� �w�a�s� �u�s�e�d�,� �t�h�e� �p�r�o�d�u�c�t� �t�e�n�d�e�d� 

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

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

�P�r�e�s�t�o�n� �e�t�.� �a�l�.� �8�5�)� �p�r�e�p�a�r�e�d� �o�r�d�e�r�e�d� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)� �f�i�b�e�r�s� �b�y� �e�x�t�e�n�d�i�n�g� �t�h�e� 

�m�e�t�h�o�d� �o�f� �W�r�a�s�i�d�l�o� �a�n�d� �A�u�g�]� �(�7�8�)� �i�n� �g�e�n�e�r�a�t�i�n�g� �d�i�c�a�r�b�o�x�y�l�i�c� �a�c�i�d�s� �c�o�n�t�a�i�n�i�n�g� �p�r�e�f�o�r�m�e�d� 

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

�a�n�h�y�d�r�i�d�e� �w�i�t�h� �/�,�3�-�p�h�e�n�y�l�e�n�e� �d�i�a�m�i�n�e�,� �3�-�a�m�i�n�o� �b�e�n�z�o�i�c� �a�c�i�d� �a�n�d� �4�-�a�m�i�n�o� �b�e�n�z�o�i�c� �a�c�i�d�.� 
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�U�p�o�n� �c�o�n�v�e�r�s�i�o�n� �t�o� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �a�c�i�d� �c�h�l�o�r�i�d�e�s�,� �t�h�e�y� �w�e�r�e� �t�h�e�n� �r�e�a�c�t�e�d� �w�i�t�h� 

�4�,�4 ��-�o�x�y�d�i�a�n�i�l�i�n�e�.� 

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

�u�n�d�e�r�t�a�k�e�n� �b�y� �G�u�s�i�n�k�a�y�a� �e�t�.� �a�l�.� �(�8�6�)� �w�h�o� �r�e�a�c�t�e�d� �t�h�e� �a�b�o�v�e� �d�i�a�c�i�d� �c�h�l�o�r�i�d�e�s� �w�i�t�h� �a� �v�a�r�i�e�t�y� 

�o�f� �d�i�a�m�i�n�e�s� �i�n�c�l�u�d�i�n�g� �/�,�3�-�p�h�e�n�y�l�e�n�e� �d�i�a�m�i�n�e�,� �/�,�4�-�b�i�s�(�4�-�a�m�i�n�o� �p�h�e�n�o�x�y�)� �b�e�n�z�e�n�e�,� �1�,�3�-� 

�b�i�s�(�4�-�a�m�i�n�o� �p�h�e�n�o�x�y�)� �b�e�n�z�e�n�e� �a�n�d� �/�,�4�-�b�i�s�(�4�-�a�m�i�n�o� �b�e�n�z�o�y�l�)� �b�e�n�z�e�n�e�.� �A�l�i�p�h�a�t�i�c�-�a�r�o�m�a�t�i�c� 

�p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �u�s�i�n�g� �t�h�i�s� �r�o�u�t�e� �t�o� �s�y�n�t�h�e�s�i�s� �b�y� �A�b�a�j�o� �e�t�.� �a�l�.� �(�8�7�)� 

�a�n�d� �F�e�d�y�n�a� �e�t�.� �a�l�.� �(�8�8�)�,� 

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

�i�n� �t�h�i�s� �m�a�n�n�e�r� �h�a�v�e� �b�e�e�n� �b�y� �M�a�i�t�i� �e�r�.� �a�l�.� �8�9�)�-�(�1�0�l�)�,� �T�h�e�y� �a�p�p�l�i�e�d� �t�h�e� �p�r�o�c�e�d�u�r�e� �b�y� �I�m�a�i� �e�t�.� 

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

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

�t�h�e� �i�n�t�e�r�m�e�d�i�a�t�e�l�y� �f�o�r�m�e�d� �c�o�r�r�e�s�p�o�n�d�i�n�g� �d�i�a�c�y�l� �c�h�l�o�r�i�d�e�.� �T�h�e� �r�e�a�c�t�i�o�n� �i�s� �c�a�r�r�i�e�d� �o�u�t� �a�t� �~�5�°�C� 

�i�n� �N�M�P�.� �F�i�r�s�t�,� �t�h�e� �i�m�i�d�o�-�d�i�c�a�r�b�o�x�y�l�i�c� �a�c�i�d� �w�a�s� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �t�r�i�m�e�l�l�i�t�i�c� 

�a�n�h�y�d�r�i�d�e� �w�i�t�h� �4�-�a�m�i�n�o� �b�e�n�z�o�i�c� �a�c�i�d�.� �T�h�e� �i�m�i�d�o�-�d�i�c�a�r�b�o�x�y�l�i�c� �a�c�i�d� �w�a�s� �t�h�e�n� �r�e�a�c�t�e�d� �w�i�t�h� �a� 

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

�r�e�p�e�a�t� �u�n�i�t� �f�o�r� �t�h�e� �i�n�v�e�s�t�i�g�a�t�i�o�n�s�.� �T�h�u�s�,� �u�n�s�a�t�u�r�a�t�e�d� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �(�9�9�)�.�(�9�1�)�,� 

�p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �w�i�t�h� �c�y�c�l�o�h�e�x�y�l� �r�i�n�g�s� �2�)�,� �s�u�l�f�o�n�e� �l�i�n�k�s� �3�)�,� �a�l�i�p�h�a�t�i�c� �s�p�a�c�e�r�s� �(�4�)�,� 

�i�s�o�m�e�r�i�c� �u�n�i�t�s� �u�s�i�n�g� �o�-� �,� �m�-� �a�n�d� �p�-� �p�h�e�n�y�l�e�n�e� �d�i�a�m�i�n�e�s� �(�9�5�)�,� �s�u�l�f�o�n�a�m�i�d�e� �g�r�o�u�p�s� �(�9�9�)�,� 

�e�t�h�e�r� �a�n�d� �s�u�l�f�o�n�a�m�i�d�e� �g�r�o�u�p�s� �7�)� �a�n�d� �b�i�p�h�e�n�y�l� �l�i�n�k�s� �8�)�,�9�)� �h�a�v�e� �b�e�e�n� �s�y�n�t�h�e�s�i�z�e�d� �a�n�d� 

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

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

�r�e�p�o�r�t�e�d� �b�y� �Y�a�n�g� �(�1�0�3�)�,� �U�s�i�n�g� �p�y�r�o�m�e�l�l�i�t�o�y�l� �d�i�g�l�y�c�i�n�e�,� �T�h�i�r�u�n�a�v�u�k�k�a�r�a�s�u� �e�t�.� �a�l�.� �(�1�9�4�)� �h�a�v�e� 

�g�e�n�e�r�a�t�e�d� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �w�i�t�h� �a�z�o�-� �l�i�n�k�a�g�e�s� �i�n� �t�h�e� �m�a�i�n� �c�h�a�i�n�.� �Y�e�t� �a�n�o�t�h�e�r� �n�o�v�e�l� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �3�]



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

�t�r�i�a�z�i�n�e� �r�i�n�g�s� �(�1�0�5�)�,� �R�e�c�e�n�t�l�y�,� �s�y�n�t�h�e�s�i�s� �o�f� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �c�o�n�t�a�i�n�i�n�g� �h�e�x�a�f�l�u�o�r�o� 

�i�s�o�p�r�o�p�y�l�i�d�e�n�e� �l�i�n�k�s� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �(�1�9�6�)�,� �A�s� �a� �p�a�r�t� �o�f� �t�h�e� �o�n�g�o�i�n�g� �e�f�f�o�r�t� �t�o� �g�e�n�e�r�a�t�e� 

�n�o�v�e�l� �b�i�s�-�m�a�l�e�i�m�i�d�e� �m�o�n�o�m�e�r�s�,� �i�m�i�d�e� �e�n�d�-�c�a�p�p�e�d� �a�m�i�d�e�-�i�m�i�d�e� �m�o�n�o�m�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� �c�h�a�r�a�c�t�e�r�i�z�e�d� �(�1�9�7�)�,� �T�h�e� �s�y�n�t�h�e�s�i�s� �a�n�d� �t�h�e� �v�a�r�i�o�u�s� �s�t�r�u�c�t�u�r�e�s� �g�e�n�e�r�a�t�e�d� �a�r�e� 

�s�h�o�w�n� �i�n� �S�c�h�e�m�e� �2�.�7�.� 

�2�.�5�.�3�.� �A�m�i�d�a�t�i�o�n� �o�f� �A�c�i�d� �C�h�l�o�r�i�d�e�s� �w�i�t�h� �A�m�i�n�e�s� �c�o�n�t�a�i�n�i�n�g� �I�m�i�d�e� 

�G�r�o�u�p�s� 

�A� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �r�o�u�t�e� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n� �§� �2�.�5�.�2�.� �i�s� �t�o� �u�s�e� �a�m�i�n�e�s� �w�i�t�h� 

�p�r�e�f�o�r�m�e�d� �i�m�i�d�e� �r�i�n�g�s� �i�n� �t�h�e� �m�o�l�e�c�u�l�e� �i�n� �r�e�a�c�t�i�o�n�s� �w�i�t�h� �a�c�i�d� �c�h�l�o�r�i�d�e�s�.� �A�l�v�i�n�o� �e�t�.� �a�l�.� �(�1�0�8�)� 

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

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

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

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

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

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

�p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)�.� �T�h�e� �r�e�a�c�t�i�o�n� �s�e�q�u�e�n�c�e�s� �a�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �S�c�h�e�m�e� �2�.�8� �f�o�r� �d�i�a�m�i�n�e�s� 

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

�2�.�5�.�4�.� � �P�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �f�r�o�m� �D�i�i�s�o�c�y�a�n�a�t�e�s� 

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

�w�a�s� �f�i�r�s�t� �r�e�p�o�r�t�e�d� �b�y� �W�u�r�t�z� �i�n� �1�8�5�4�.� �T�h�i�s� �m�e�t�h�o�d� �o�f� �i�m�i�d�e� �s�y�n�t�h�e�s�i�s�,� �h�o�w�e�v�e�r�,� �r�e�m�a�i�n�e�d� 
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�S�c�h�e�m�e� �2�.�8� �-� �S�y�n�t�h�e�s�i�s� �o�f� �P�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �f�r�o�m� �a�m�i�n�e�s� �c�o�n�t�a�i�n�i�n�g� �b�o�t�h�,� �a�m�i�d�e� 
�a�n�d� �i�m�i�d�e� �l�i�n�k�s� �(�1�0�8�)� 
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�u�n�i�n�v�e�s�t�i�g�a�t�e�d� �f�o�r� �o�v�e�r� �1�0�0� �y�e�a�r�s� �u�n�t�i�l� �H�u�r�d� �e�r�.� �a�l�.� �(�1�9�9�)� �r�e�p�o�r�t�e�d� �t�h�a�t� �N�-�p�h�e�n�y�]� 

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

�i�s�o�c�y�a�n�a�t�e� �a�n�d� �p�h�t�h�a�l�i�c� �a�n�h�y�d�r�i�d�e� �i�n� �s�t�o�i�c�h�i�o�m�e�t�r�i�c�a�l�l�y� �e�q�u�i�v�a�l�e�n�t� �a�m�o�u�n�t�s� �(�1�:�1�)� �a�t� �1�8�0�°�C� 

�f�o�r� �1�9� �h�o�u�r�s�.� �T�h�e� �s�o�l�i�d�i�f�i�e�d� �m�i�x�t�u�r�e� �w�a�s� �t�r�e�a�t�e�d� �w�i�t�h� �e�t�h�a�n�o�l� �t�o� �g�i�v�e� �8�5�%� �y�i�e�l�d� �o�f� �t�h�e� 

�p�r�o�d�u�c�t�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �f�u�r�t�h�e�r� �i�n�v�e�s�t�i�g�a�t�e�d� �b�y� �O�t�v�o�s� �e�t�.� �a�l�.� �(�1�1�9�)� �u�s�i�n�g� �1�4�C� �l�a�b�e�l�l�i�n�g�.� 

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

�d�i�i�s�o�c�y�a�n�a�t�e�s� �a�n�d� �d�i�a�n�h�y�d�r�i�d�e�s� �b�y� �M�e�y�e�r�s� �(�1�1�1�)� �w�h�o� �p�o�l�y�m�e�r�i�z�e�d� �p�y�r�o�m�e�l�l�i�t�i�c� �d�i�a�n�h�y�d�r�i�d�e� 

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

�c�o�n�d�i�t�i�o�n�s�.� �S�h�o�r�t�l�y� �t�h�e�r�e�a�f�t�e�r�,� �F�a�r�r�i�s�s�e�y� �(�1�1�2�)� �a�n�d� �C�a�r�l�e�t�o�n� �(�1�1�3�)� �h�a�v�e� �r�e�p�o�r�t�e�d� �t�h�e� �u�s�e� �o�f� 

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

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

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

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

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

�c�o�n�d�u�c�t�e�d� �i�n� �1�9�6�6� �w�h�e�r�e�i�n�,� �d�i�i�s�o�c�y�a�n�a�t�e�s� �w�e�r�e� �r�e�a�c�t�e�d� �w�i�t�h� �t�r�i�m�e�l�l�i�t�i�c� �a�n�h�y�d�r�i�d�e�.� �S�h�o�r�t�l�y� 

�t�h�e�r�e�a�f�t�e�r�,� �a� �F�r�e�n�c�h� �p�a�t�e�n�t� �(�1�1�5�)� �d�i�s�c�l�o�s�e�d� �t�h�i�s� �m�e�t�h�o�d� �o�f� �p�o�l�y�m�e�r�i�z�a�t�i�o�n�.� �M�o�r�e� �d�e�t�a�i�l�s� �o�n� 

�t�h�e� �u�s�e� �o�f� �t�h�i�s� �r�e�a�c�t�i�o�n� �a�r�e� �a�v�a�i�l�a�b�l�e� �f�r�o�m� �t�h�e� �w�o�r�k� �o�f� �T�e�r�n�e�y� �e�t�.� �a�l�.� �(�1�1�6�)�,� �I�n� �t�h�e�i�r� �w�o�r�k�,� 

�d�i�p�h�e�n�y�l� �m�e�t�h�a�n�e� �d�i�i�s�o�c�y�a�n�a�t�e� �w�a�s� �r�e�a�c�t�e�d� �w�i�t�h� �t�r�i�m�e�l�l�i�t�i�c� �a�n�h�y�d�r�i�d�e� �i�n� �N�M�P�.� �I�n� �t�h�e� �s�a�m�e� 

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

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

�p�r�o�p�e�r�t�i�e�s�.� 

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

�t�e�m�p�e�r�a�t�u�r�e�s�,� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �N�M�P� �i�t�s�e�l�f� �w�i�t�h� �t�h�e� �i�s�o�c�y�a�n�a�t�e� �f�u�n�c�t�i�o�n�a�l�i�t�y� �w�a�s� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �3�5



�d�e�m�o�n�s�t�r�a�t�e�d� �(�1�1�6�)�,� �F�u�r�t�h�e�r�,� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �c�a�r�b�o�x�y�l�i�c� �a�c�i�d�s� �w�i�t�h� �i�s�o�c�y�a�n�a�t�e�s� �t�o� �y�i�e�l�d� 

�a�m�i�d�e�s� �w�a�s� �n�o�t� �v�e�r�y� �c�l�e�a�r�.� �I�t� �w�a�s� �s�h�o�w�n� �(�1�1�7�)� �i�n� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �p�o�l�y�a�m�i�d�e�s� �f�r�o�m� 

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

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

�l�i�m�i�t�a�t�i�o�n� �w�a�s� �e�f�f�e�c�t�i�v�e�l�y� �a�d�d�r�e�s�s�e�d� �b�y� �d�e� �l�a� �C�a�m�p�a� �(�1�1�8�)� �b�y� �t�h�e� �u�s�e� �o�f� �t�r�i�e�t�h�y�l� �a�m�i�n�e� �t�o� 

�c�a�t�a�l�y�z�e� �t�h�e� �a�m�i�d�a�t�i�o�n� �i�n� �t�h�e�i�r� �r�e�a�c�t�i�o�n�s� �o�f� �4�,�4 ��-� �m�e�t�h�y�l�e�n�e� �d�i�i�s�o�c�y�a�n�a�t�e� �a�n�d� �6�-� �(�4�-� �c�a�r�b�o�x�y� 

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

�2�.�5�.�5�.� �I�m�i�d�i�z�a�t�i�o�n� �o�f� �A�m�i�n�e�s� �c�o�n�t�a�i�n�i�n�g� �A�m�i�d�e� �L�i�n�k�s� 

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

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

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

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

�o�x�y�e�t�h�y�l�e�n�e� �l�i�n�k�a�g�e�s� �b�y� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �p�-�n�i�t�r�o�p�h�e�n�o�l� �w�i�t�h� �a�r�y�l�e�n�e� �b�i�s�(�2�-�o�x�a�z�o�l�i�n�e�s�)� �i�n� 

�D�M�F� �a�t� �1�3�0�°�C�.� �T�h�e�s�e� �d�i�n�i�t�r�o� �c�o�m�p�o�u�n�d�s� �w�e�r�e� �t�h�e�n� �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� 

�u�s�i�n�g� �s�t�a�n�n�o�u�s� �c�h�l�o�r�i�d�e� �a�n�d� �H�C�I�.� �T�h�i�s� �m�o�d�e� �o�f� �s�y�n�t�h�e�s�i�s� �w�a�s� �b�a�s�e�d� �o�n� �t�h�e� �f�a�c�t� �t�h�a�t� �2�-� 

�o�x�a�z�o�l�i�n�e�s� �u�n�d�e�r�g�o� �r�i�n�g�-�o�p�e�n�i�n�g� �a�d�d�i�t�i�o�n� �w�i�t�h� �a�c�i�d�i�c� �c�o�m�p�o�u�n�d�s� �s�u�c�h� �a�s� �p�h�e�n�o�l�s� �(�1�2�9�)� �t�o� 

�p�r�o�d�u�c�e� �a�m�i�d�e� �d�e�r�i�v�a�t�i�v�e�s�.� 

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

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

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

�T�h�e� �o�v�e�r�a�l�l� �r�e�a�c�t�i�o�n� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�c�h�e�m�e� �2�.�9�.� 

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

�d�i�m�e�t�h�y�l�!� �a�c�e�t�a�m�i�d�e� �a�t� �3�0�°�C� �a�t� �a� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �0�.�5� �g�/�d�l� �i�n� �t�h�e� �r�a�n�g�e� �1�.�0�3� �~� �4�.�4�2� �d�l�/�g�.� 
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�C�H�, ��N� �_�N ��C�H� 
�|� �2� �S�c ��a�r�' �� �C�Z� �|� �2� �+� �2� �n�o�t� �\�-�n�o�,� 

�C�H�, ��O� �O ��C�H�,� 

�D�M�F� 
�1�3�0�°�C� 

�r�e� 
�O�N� �<� �\�-�o�-� �C�H�, �� �C�H�,� �-�H�N ��C ��A�r�' ��C ��N�H�-�C�H�,�  �� �C�H�,�  �� �O� �{�<�_�\�-�n�o�,� 

�{�s�a�c�u�i�n�e�r� 

�p�O� 
�w�n ��{�_�\ ��o ��c�i�t�, ��c�i�,�-�#�N ��C ��a�r�' ��C ��n�i�-�c�H�, ��c�x�, ��0�-�(�_� �n�a�y� 

�O� �O� 
�!� �!� �O�C�.� �C�O� 

�O�C�H�  ��C�i�,�-�H�N ��C ��A�r�' ��C ��N�E�-�C�H�, ��C�H ��0�-�L�Y ��N� �A�r�"� �N� 

�A�r�'�'� 

�O�o� 
�O�o� �w�i�r� 

�S�c�h�e�m�e� �2�.�9� �-� �S�y�n�t�h�e�s�i�s� �o�f� �P�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �f�r�o�m� �O�x�a�z�o�l�i�n�e�s� �(�1�1�9�)� 
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�C�o�n�v�e�r�s�i�o�n� �t�o� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �b�y� �h�e�a�t�i�n�g� �t�h�e� �p�o�l�y�(�a�m�i�d�e�-�a�m�i�c� �a�c�i�d�s�)� �i�n� 

�t�h�e� �f�o�r�m� �o�f� �f�l�a�k�e�s� �o�r� �f�i�l�m�s� �t�o� �2�2�0�°�C� �i�n� �v�a�c�u�o� �f�o�r� �3� �h�o�u�r�s�.� 

�D�e�z�e�r�n� �(�1�2�1�)� �h�a�s� �s�y�n�t�h�e�s�i�z�e�d� �a� �s�e�r�i�e�s� �o�f� �t�h�e�r�m�a�l�l�y� �s�t�a�b�l�e�,� �t�o�u�g�h�,� �l�i�n�e�a�r� �p�o�l�y�i�m�i�d�e�s� 

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

�w�i�t�h� �3�,�3 ��-�,� �3�,�4 ��-� �a�n�d� �4�,�4 ��-� �d�i�a�m�i�n�o�b�e�n�z�a�n�i�l�i�d�e�s�.� �F�o�l�l�o�w�i�n�g� �u�p� �o�n� �t�h�i�s� �w�o�r�k�,� �n�e�w� 

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

�b�e�n�z�a�n�i�l�i�d�e�s� �w�i�t�h� �v�a�r�i�o�u�s� �d�i�a�n�h�y�d�r�i�d�e�s� �s�u�c�h� �a�s� �o�x�y� �d�i�p�h�t�h�a�l�i�c� �a�n�h�y�d�r�i�d�e�,� �3�,�3�'�,�4�,�4 ��-� 

�b�i�p�h�e�n�y�l�]� �t�e�t�r�a�c�a�r�b�o�x�y�l�i�c� �a�c�i�d� �d�i�n�a�h�y�d�r�i�d�e� �a�n�d� �2�,�2�-�b�i�s�(�3�,�4�-�d�i�c�a�r�b�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� �d�i�a�n�h�y�d�r�i�d�e�.� 

�2�.�5�.�6�.� �P�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �f�r�o�m� �D�i�n�i�t�r�i�l�e�s� 

�B�u�c� �(�1�2�3�)� �h�a�s� �r�e�p�o�r�t�e�d� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �N�-�m�e�t�h�y�l�o�l� �p�h�t�h�a�l�i�m�i�d�e� �w�i�t�h� �a�c�e�t�o�-� �o�r� 

�b�e�n�z�o�n�i�t�r�i�l�e� �t�o� �g�i�v�e� �a�n� �a�m�i�d�e�-�i�m�i�d�e� �c�o�m�p�o�u�n�d�.� �K�u�r�i�t�a� �e�r�.� �a�l�.� �(�1�2�4�)� �h�a�v�e� �e�x�t�e�n�d�e�d� �t�h�e� �s�c�o�p�e� 

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

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

�r�e�a�c�t�i�o�n� �s�e�q�u�e�n�c�e� �i�n�v�o�l�v�i�n�g� �f�i�r�s�t� �a�m�m�o�n�o�l�y�s�i�s� �o�f� �t�h�e� �d�i�a�n�h�y�d�r�i�d�e�s� �P�M�D�A� �a�n�d� �B�T�D�A� �t�o� 

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

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

�w�e�r�e� �t�h�e�n� �s�u�b�j�e�c�t�e�d� �t�o� �p�o�l�y� �a�d�d�i�t�i�o�n� �w�i�t�h� �d�i�n�i�t�r�i�l�e�s� �s�u�c�h� �a�s� �a�d�i�p�o�n�i�t�r�i�l�e� �a�n�d� �4�,�4�'�-�d�i�c�y�a�n�o� 

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

�a�b�o�u�t� �2�4� �h�o�u�r�s� �a�t� �0�°�C�-�r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� �W�h�i�l�e� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�c�c�u�r�s�,� �r�a�t�h�e�r� �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� �o�b�t�a�i�n�e�d� �i�n� �d�i�c�h�l�o�r�o�a�c�e�t�i�c� �a�c�i�d� �a�t� �2�5�°�C� �(�0�.�1�~�0�.�4�1� �d�l�/�g�)�.� �T�h�i�s� �i�s� 

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

�p�o�l�y�m�e�r� �c�h�a�i�n�.� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �3�8



�T�h�a�n�u�j�a� �e�t�.� �a�l�.� �(�1�2�5�)� �h�a�v�e� �a�p�p�l�i�e�d� �t�h�i�s� �m�o�d�e� �o�f� �s�y�n�t�h�e�s�i�s� �t�o� �d�e�v�e�l�o�p� �p�o�l�y�(�a�z�o�-� 

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

�2�.�6�.� �P�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �f�r�o�m� �A�c�i�d� �C�h�l�o�r�i�d�e� �A�n�h�y�d�r�i�d�e�s� 

�2�.�6�.�1�.� �I�n�t�r�o�d�u�c�t�i�o�n� 

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

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

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

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

�c�o�m�p�l�e�t�e� �r�e�a�c�t�i�o�n� �w�i�t�h� �t�h�e� �a�m�i�n�e�.� �I�n�d�e�e�d�,� �t�h�e� �c�o�m�m�e�r�c�i�a�l�l�y� �a�v�a�i�l�a�b�l�e� �T�O�R�L�O�N!"� �i�s� 

�s�y�n�t�h�e�s�i�z�e�d� �i�n� �t�h�e� �t�w�o� �s�t�e�p� �p�r�o�c�e�s�s� �u�s�i�n�b�g� �t�r�i�m�e�l�l�i�t�i�c� �a�n�h�y�d�r�i�d�e� �a�c�i�d� �c�h�l�o�r�i�d�e� �[�T�M�A�C�]�,� 

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

�I�t�_�n� �m�p�h�a�s�i�z� �r� �i�n� �1� �i�n� �i�d� �c�h�l�o�r�i� 

� � 

�o�r� �b�y� �c�h�e�m�i�c�a�l� �m�e�a�n�s�,� �T�h�e� �g�e�n�e�r�a�l� �r�e�a�c�t�i�o�n� �i�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �2�.�1�0�.� 

�T�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �m�o�r�e� �f�a�c�i�l�e� �s�o�l�u�t�i�o�n� �i�m�i�d�i�z�a�t�i�o�n� �6�4�)�-�(�6�0�)� �w�h�i�c�h� �c�o�u�l�d� �l�e�a�d� �t�o� 

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

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

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

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

�m�e�l�t� �p�r�o�c�e�s�s�i�b�i�l�i�t�y� �a�n�d� �s�o�l�u�b�i�l�i�t�y� �o�f� �f�u�l�l�y� �c�u�r�e�d� �s�y�s�t�e�m�s�.� �I�t� �c�a�n� �r�e�a�d�i�l�y� �b�e� �a�p�p�r�e�c�i�a�t�e�d� �t�h�a�t� 
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�o�O�N� �c�l�-�C ��4�r� �(�o�O� �+� �H�,�N ��A�r�' ��N�H�,� 
�\� 

�j� 
�-� �H�C�l� 
�r�o�o�m� �t�e�m�p�.� 

�O� 
�O�o� �|� 

�|� �/�& ��N�H �� �A�r ��N�H� 

�C ��A�r� 

 ��C�-�O�H� 

�[�P�o�l�y�(�a�m�i�d�e�-�a�m�i�c�-�a�c�i�d�)�]� 

�C�h�e�m�i�c�a�l� �T�h�e�r�m�a�l� 
�I�m�i�d�i�z�a�t�i�o�n� �i�m�i�d�i�z�a�t�i�o� 

�[�P�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)�]� 

�S�c�h�e�m�e� �2�.�1�0� �-� �G�e�n�e�r�a�l� �S�c�h�e�m�e� �f�o�r� �P�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)� �S�y�n�t�h�e�s�i�s� �f�r�o�m� �A�c�i�d� �C�h�l�o�r�i�d�e�-� 
�A�n�h�y�d�r�i�d�e�s� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �A�O



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

�t�h�e�s�e� �s�y�s�t�e�m�s�.� 

�2�.�6�.�2�.� �R�e�p�o�r�t�e�d� �R�e�a�c�t�i�o�n� �S�y�s�t�e�m�s� 

�S�o�m�e� �o�f� �t�h�e� �e�a�r�l�y� �r�e�a�c�t�i�o�n�s� �h�a�v�e� �i�n�v�o�l�v�e�d� �T�M�A�C� �w�i�t�h� �a�r�o�m�a�t�i�c� �d�i�a�m�i�n�e�s� 

�m�e�t�h�y�l�e�n�e� �d�i�a�n�i�l�i�n�e�,� �/�.�3�-�p�h�e�n�y�l�e�n�e� �d�i�a�m�i�n�e�,� �4�,�4 ��-�o�x�y�d�i�a�n�i�l�i�n�e� �e�t�c�.� �A�d�d�u�c�i� �e�t�.� �a�l�.� �(�1�2�6�)� 

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

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

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

�p�o�l�y�m�e�r�s� �s�y�n�t�h�e�s�i�z�e�d�,� �<�M�y�>� �v�a�l�u�e�s� �h�a�v�e� �b�e�e�n� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �M�a�r�k�-�H�o�u�w�i�n�k� 

�c�o�n�s�t�a�n�t�s� �K� �=� �1�.�8�5� �x� �1�0�-�4� �&� �a� �=� �0�.�8�0� �a�s� �r�e�p�o�r�t�e�d� �b�y� �W�a�l�l�a�c�h� �(�7�9�)�.� �K�e�e�p�i�n�g� �i�n� �m�i�n�d� 

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

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

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

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

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

�v�a�r�i�a�t�i�o�n�s� �w�i�t�h� �t�h�e�r�m�a�l� �s�t�a�b�i�l�i�t�y�.� 

�T�a�g�l�e� �e�t�.� �a�l�.� �1�2�7�)� �h�a�v�e� �s�y�n�t�h�e�s�i�z�e�d� �v�a�r�i�o�u�s� �a�l�i�p�h�a�t�i�c� �a�n�d� �a�r�o�m�a�t�i�c� �p�o�l�y�(�a�m�i�d�e�-� 

�i�m�i�d�e�s�)� �u�s�i�n�g� �3�,�4�-�d�i�c�a�r�b�o�x�y�-�4 ��-�c�h�l�o�r�o�f�o�r�m�y�]� �t�e�r�e�p�h�t�h�a�l�o�y�l� �p�h�e�n�o�n�e� �a�s� �a� �n�o�v�e�l� �a�c�i�d� 

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

�a�g�a�i�n�,� �t�h�e� �a�u�t�h�o�r�s�'� �t�r�a�n�s�l�a�t�i�o�n� �o�f� �t�h�e� �i�n�t�r�i�n�s�i�c� �v�i�s�c�o�s�i�t�y� �d�a�t�a� �t�o� �<�M�y�>� �i�s� �q�u�e�s�t�i�o�n�a�b�l�e�.� 

�K�r�u�h� �e�t�.� �a�l�.� �(�1�2�8�)� �h�a�v�e� �g�e�n�e�r�a�t�e�d� �m�a�l�e�i�m�i�d�e� �t�e�r�m�i�n�a�t�e�d� �a�m�i�d�e�-�i�m�i�d�e� �p�o�l�y�m�e�r�s� �f�o�r� 

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

�4�,�4�'�-�m�e�t�h�y�l�e�n�e� �d�i�a�n�i�l�i�n�e� �a�s� �t�h�e� �a�r�o�m�a�t�i�c� �d�i�a�m�i�n�e� �w�h�i�l�e� �m�a�l�e�i�c� �a�n�h�y�d�r�i�d�e� �w�a�s� �u�s�e�d� �a�s� �t�h�e� 
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�e�n�d�-�c�a�p�p�e�r�.� �T�h�e� �i�m�i�d�i�z�a�t�i�o�n� �w�a�s� �e�f�f�e�c�t�e�d� �c�h�e�m�i�c�a�l�l�y� �u�s�i�n�g� �a�c�e�t�i�c� �a�n�h�y�d�r�i�d�e�/�s�o�d�i�u�m� 

�a�c�e�t�a�t�e�.� 

�T�a�g�l�e� �e�r�.� �a�l�.� �(�1�2�9�)�,�(�1�3�0�)� �e�m�p�l�o�y�e�d� �3�,�4�-�d�i�c�a�r�b�o�x�y�-�4 ��-�c�h�l�o�r�o�f�o�r�m�y�l� �b�i�p�h�e�n�y�l� 

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

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

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

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

�i�n�t�r�i�n�s�i�c� �v�i�s�c�o�s�i�t�i�e�s� �r�e�p�o�r�t�e�d� �i�n� �t�h�e�s�e� �s�y�s�t�e�m�s� �(�0�.�1�9� �-�0�.�3� �d�l�/�g� �i�n� �d�i�m�e�t�h�y�l� �a�c�e�t�a�m�i�d�e� �a�t� �2�5�°�C�)� 

�a�s� �w�e�l�l� �a�s� �d�u�e� �t�o� �i�n�c�o�m�p�l�e�t�e� �r�e�m�o�v�a�l� �o�f� �s�o�l�v�e�n�t� �[�P�o�l�y�(�a�m�i�d�e�-�a�m�i�c� �a�c�i�d�)� �f�i�l�m�s� �w�e�r�e� �c�a�s�t� �a�n�d� 

�d�r�i�e�d� �a�t� �2�0�0�°�C� �i�n� �v�a�c�u�u�m� �f�o�r� �t�w�o� �h�o�u�r�s� �-� �t�h�i�s� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �p�r�o�b�a�b�l�y� �l�o�w�e�r� �t�h�a�n� �t�h�e� �T�g�,� 

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

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

�(�1�3�1�)�,� �p�o�l�y�(�a�z�o�m�e�t�h�i�n�e�s�)� �(�1�3�2�)� �a�n�d� �p�o�l�y�a�m�i�d�e�s� �(�1�3�3�)� �f�r�o�m� �h�i�g�h�l�y� �p�h�e�n�y�l�a�t�e�d� �t�h�i�o�p�h�e�n�e� 

�d�i�a�m�i�n�e�,� �I�m�a�i� �e�t�.� �a�l�.� �(�1�3�4�)� �h�a�v�e� �r�e�p�o�r�t�e�d� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �a�r�o�m�a�t�i�c� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �f�r�o�m� 

�t�e�t�r�a�p�h�e�n�y�l� �t�h�i�o�p�h�e�n�e� �d�i�a�m�i�n�e� �a�n�d� �T�M�A�C�.� �T�h�e� �r�e�a�c�t�i�o�n� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�c�h�e�m�e� �2�.�1�2�.� 

�R�e�a�c�t�i�o�n�s� �i�n� �w�h�i�c�h� �o�n�e�-�h�a�l�f� �t�h�e� �t�h�i�o�p�h�e�n�e�-�b�a�s�e�d� �d�i�a�m�i�n�e� �w�a�s� �r�e�p�l�a�c�e�d� �b�y� �4�,�4 ��-� 

�o�x�y�d�i�a�n�i�l�i�n�e�,� �[�O�D�A�]�,� �a�s� �w�e�l�l� �a�s� �w�h�e�r�e� �i�t� �w�a�s� �c�o�m�p�l�e�t�e�l�y� �r�e�p�l�a�c�e�d� �b�y� �O�D�A� �w�e�r�e� �a�l�s�o� 

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

�T�g� �v�a�l�u�e�s� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �(�f�r�o�m� �2�6�0�°�C� �f�o�r� �O�D�A�-�b�a�s�e�d� �p�o�l�y�m�e�r�s� �t�o� �3�3�0�°�C� �f�o�r� �t�h�e� 

�t�h�i�o�p�h�e�n�e� �d�i�a�m�i�n�e�-�b�a�s�e�d� �s�y�s�t�e�m�s�)�.� 

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

�f�i�e�l�d� �o�f� �h�i�g�h� �t�e�m�p�e�r�a�t�u�r�e� �p�o�l�y�m�e�r�s� �i�n� �r�e�c�e�n�t� �y�e�a�r�s�.� �C�h�e�n� �e�t�.� �a�l�.� �(�1�3�5�)� �h�a�v�e� �d�e�v�e�l�o�p�e�d� 

�f�l�u�o�r�o�-�c�o�n�t�a�i�n�i�n�g� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �b�y� �t�h�e� �p�a�r�t�i�a�l� �r�e�p�l�a�c�e�m�e�n�t� �o�f� �T�M�A�C� �b�y� �6�F�-� 

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

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �4�3



�O� �O� 
�!� �|� 

�C�I�- ��C� �C�c�.� 
�C�l�  ��O� �+� � �H�,�N ��A�r�-�N�H�,� 

�[�T�M�A�C�]� 

�-� �H�C�l� 
�o�o�m� �t�e�m�p�.� 

�O�o� 
�\� 
�C�-�N�H�- ��A�r�-�N�H� 

�-�O�H� 

�[�P�o�l�y�(�a�m�i�d�e�-�a�m�i�c�-�a�c�i�d�)�]� 

�1� �f�f� 
�C�a� 

�T�C� �Y�N�-�A�r� �-�~�N�H� 

�[�P�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)�]� 

�C�h� 
�/� �\� 

�m�e�K� 

�H�i�g�h� �t�e�m�p�e�r�a�t�u�r�e� 
�t�h�e�r�m�a�l� �i�m�i�d�i�z�a�t�i�o�n� 

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

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

�H�e�r�g�e�n�r�o�t�h�e�r� �e�r�.� �a�l�.� �(�1�3�6�)�,�(�1�3�7�)� �h�a�v�e� �s�y�n�t�h�e�s�i�z�e�d� �a� �s�e�r�i�e�s� �o�f� �a�r�o�m�a�t�i�c� �d�i�a�m�i�n�e�s� 

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

�a�n�d� �p�r�o�p�e�r�t�i�e�s� �o�f� �p�o�l�y�i�m�i�d�e�s� �(�1�3�6�)�-�(�1�3�9�)�,� �I�n� �a� �r�e�c�e�n�t� �r�e�p�o�r�t�,� �H�a�v�e�n�s� �e�t�.� �a�l�.� �(�1�4�9�)� �h�a�v�e� 

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

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

�a�l�o�n�g� �t�h�e� �c�h�a�i�n� �b�y� �p�a�r�t� �r�e�p�l�a�c�e�m�e�n�t� �o�f� �T�M�A�C� �b�y� �4�,�4 ��-�b�i�p�h�e�n�y�]� �d�i�c�a�r�b�o�x�y�l�i�c� �c�h�l�o�r�i�d�e� �t�o� 

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

�O�i�s�h�i� �e�t�.� �a�l�.� �(�1�4�1�)� �h�a�v�e� �u�s�e�d� �N�-�s�i�l�y�l�a�t�e�d� �d�i�a�m�i�n�e�s� �t�o� �g�e�n�e�r�a�t�e� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)�.� 

�T�h�e� �u�s�e� �o�f� �t�h�e� �t�r�i�m�e�t�h�y�l� �s�i�l�y�l�a�t�e�d� �d�i�a�m�i�n�e�s� �p�r�e�c�l�u�d�e�s� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �H�C�I� �i�n� �t�h�e� 

�p�o�l�y�m�e�r�i�z�a�t�i�o�n� �s�y�s�t�e�m�.� �P�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �w�e�r�e� �g�e�n�e�r�a�t�e�d� �f�r�o�m� �b�o�t�h�,� �t�h�e� �p�o�l�y�(�a�m�i�d�e�-� 

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

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

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

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

�i�m�i�d�e�s�)� �b�y� �I�m�a�i� �e�z�.� �a�l�.� �(�1�4�2�)� �w�h�e�r�e�i�n� �t�h�e� �t�e�c�h�n�i�q�u�e�s� �o�f� �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� �h�a�v�e� �b�e�e�n� 

�s�u�c�c�e�s�s�f�u�l�l�y� �a�p�p�l�i�e�d�.� �I�n� �t�h�e� �p�r�o�c�e�d�u�r�e� �a�d�o�p�t�e�d�,� �4�,�4 ��-�m�e�t�h�y�l�e�n�e� �d�i�a�n�i�l�i�n�e� �h�a�s� �b�e�e�n� 

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

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

�a�m�o�u�n�t�s� �o�f� �T�M�A�C� �w�e�r�e� �a�d�d�e�d� �a�l�l� �a�t� �o�n�c�e� �a�n�d� �s�t�i�r�r�i�n�g� �c�o�n�t�i�n�u�e�d� �t�i�l�l� �s�w�o�l�l�e�n� �p�r�e�c�i�p�i�t�a�t�e�s� �o�f� 

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

�H�i�g�h� �i�n�h�e�r�e�n�t� �v�i�s�c�o�s�i�t�i�e�s� �o�f� �t�h�e� �p�o�l�y�m�e�r� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d�.� 
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�2�.�7�.� �P�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)� �S�y�n�t�h�e�s�i�s� �u�s�i�n�g� �t�h�e� �Y�a�m�a�z�a�k�i� �R�e�a�c�t�i�o�n� 

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

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

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

�M�i�t�i�n� �e�t�.� �a�l�.� �(�1�4�3�)� �h�a�v�e� �r�e�p�o�r�t�e�d� �a� �n�o�v�e�l� �t�e�c�h�n�i�q�u�e� �f�o�r� �t�h�e� �a�m�i�d�a�t�i�o�n� �r�e�a�c�t�i�o�n� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� 

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

�t�h�e� �p�o�l�y�c�o�n�d�e�n�s�a�t�i�o�n� �o�f� �h�e�x�a�m�e�t�h�y�l�e�n�e� �d�i�a�m�i�n�e� �a�n�d� �a�d�i�p�i�c� �a�c�i�d�,� �O�g�a�t�a� �e�t�.� �a�l�.� �(�1�4�4�)� 

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

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

�o�f� �t�h�e� �r�e�a�c�t�i�o�n� �u�s�i�n�g� �a� �v�a�r�i�e�t�y� �o�f� �d�i�a�m�i�n�e�s� �s�u�c�h� �a�s� �]�,�3�-�p�h�e�n�y�l�e�n�e� �d�i�a�m�i�n�e�,� �/�,�4�-�c�y�c�l�o�h�e�x�y�]� 

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

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

�i�s�o�p�h�t�h�a�l�i�c� �a�c�i�d� �w�e�r�e� �a�l�s�o� �c�o�n�s�i�d�e�r�e�d� �i�n� �t�h�e� �p�o�l�y�c�o�n�d�e�n�s�a�t�i�o�n�.� �I�n� �o�r�d�e�r� �t�o� �p�r�e�v�e�n�t� 

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

�t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�r� �a�b�o�u�t� �4�0� �h�o�u�r�s�.� �L�o�w� �m�o�l�e�c�u�l�a�r� 

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

�Y�a�m�a�z�a�k�i� �e�t�.� �a�l�.� �(�1�4�5�)� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �p�h�o�s�p�h�o�r�o�u�s� �a�c�i�d� �a�n�d� �i�t�s� �e�s�t�e�r�s� �g�a�v�e� �t�h�e� �N�-� 

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

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

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

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

�c�o�u�p�l�i�n�g� �r�e�a�c�t�i�o�n�.� �I�n� �a� �s�t�u�d�y� �u�s�i�n�g� �d�i�p�h�e�n�y�l� �p�h�o�s�p�h�i�t�e� �a�n�d� �p�y�r�i�d�i�n�e� �(�1�4�9�)�,� �t�h�e�y� �h�a�v�e� 

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

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

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

�p�a�t�h�w�a�y�s� �a�r�e� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �2�.�1�3�.� 

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

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

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

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

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

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

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

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

�p�y�r�i�d�i�n�e� �(�1�4�7�)�,� 

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

�p�h�o�s�p�h�i�t�e� �i�n� �p�y�r�i�d�i�n�e� �i�n� �1�9�7�4� �(�1�4�8�)�,� �A� �v�a�r�i�e�t�y� �o�f� �t�r�i�a�r�y�l� �p�h�o�s�p�h�i�t�e�s� �w�e�r�e� �e�m�p�l�o�y�e�d� �i�n� �t�h�e� 

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

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

�a�m�i�d�a�t�i�o�n� �o�f� �d�i�c�a�r�b�o�x�y�l�i�c� �a�c�i�d�s� �w�i�t�h� �a�n�i�l�i�n�e� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�c�h�e�m�e� �2�.�1�4� �(�1�4�9�)�.� 

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

�l�i�m�i�t�e�d�.� �T�h�i�s� �h�a�s� �b�e�e�n� �a�t�t�r�i�b�u�t�e�d� �t�o� �t�h�e� �t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �p�o�l�y�c�o�n�d�e�n�s�a�t�i�o�n� �r�e�a�c�t�i�o�n� �b�y� �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� �w�h�o�l�l�y� �a�r�o�m�a�t�i�c� �p�o�l�y�a�m�i�d�e�s�.� �T�h�i�s� �w�a�s� �o�v�e�r�c�o�m�e� �(�1�5�9�)� �b�y� �t�h�e� 

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

�e�f�f�i�c�i�e�n�c�y� �o�f� �t�h�e� �p�o�l�y�c�o�n�d�e�n�s�a�t�i�o�n�.� �O�t�h�e�r� �s�a�l�t�s� �s�u�c�h� �a�s� �h�y�d�r�a�t�e�d� �C�a�C�l�o�,� �K�S�C�N�,� 

�M�g�C�l� �a�n�d� �Z�n�C�l� �w�e�r�e� �a�l�s�o� �s�t�u�d�i�e�d�.� �T�h�e�s�e� �h�o�w�e�v�e�r� �d�i�d� �n�o�t� �r�e�s�u�l�t� �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�.� �T�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �t�h�e� �m�e�t�a�l� �s�a�l�t�s� �o�n� �t�h�e� �p�o�l�y�c�o�n�d�e�n�s�a�t�i�o�n� 
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�w�a�s� �a�l�s�o� �i�n�v�e�s�t�i�g�a�t�e�d� �(�1�5�9�)�,� �T�y�p�i�c�a�l�l�y�,� �5�~�1�0�%� �b�y� �w�e�i�g�h�t� �o�f� �t�h�e� �s�a�l�t� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�n� 

�s�o�l�v�e�n�t� �g�a�v�e� �o�p�t�i�m�u�m� �r�e�s�u�l�t�s�.� 

�T�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �t�h�e� �Y�a�m�a�z�a�k�i� �r�e�a�c�t�i�o�n� �t�o� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �i�s� 

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

�s�y�n�t�h�e�s�i�z�e�d� �(�1�5�1�)� �b�y� �d�i�r�e�c�t� �p�o�l�y�c�o�n�d�e�n�s�a�t�i�o�n� �o�f� �i�m�i�d�e�-�c�o�n�t�a�i�n�i�n�g� �d�i�c�a�r�b�o�x�y�l�i�c� �a�c�i�d�s� �a�n�d� 

�a�r�o�m�a�t�i�c� �d�i�a�m�i�n�e�s� �u�s�i�n�g� �t�r�i�p�h�e�n�y�l� �p�h�o�s�p�h�i�t�e� �i�n� �N�M�P�/�p�y�r�i�d�i�n�e� �s�o�l�u�t�i�o�n� �u�s�i�n�g� �a�b�o�u�t� �2� 

�w�e�i�g�h�t�-�%� �L�i�C�l� �i�n� �t�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e�.� �T�h�e� �i�m�i�d�e�-�c�o�n�t�a�i�n�i�n�g� �d�i�c�a�r�b�o�x�y�l�i�c� �a�c�i�d�s� �w�e�r�e� �f�i�r�s�t� 

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

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

�d�i�a�m�i�n�e�s� �a�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �2�.�1�5�.� �T�h�e� �p�o�l�y�c�o�n�d�e�n�s�a�t�i�o�n� �w�a�s� �t�y�p�i�c�a�l�l�y� �c�a�r�r�i�e�d� �o�u�t� �a�t� 

�1�0�0�°�C�.� 

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

�(�1�5�2�)�,�(�1�5�3�)� �b�y� �f�i�r�s�t� �g�e�n�e�r�a�t�i�n�g� �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� �c�o�n�t�a�i�n�i�n�g� �p�r�e�f�o�r�m�e�d� �i�m�i�d�e� �r�i�n�g�s� 

�u�s�i�n�g� �t�h�e� �m�e�t�h�o�d� �o�f� �W�r�a�s�i�d�l�o� �a�n�d� �A�u�g�]� �(�7�8�)�,� 

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

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

�r�e�a�c�t�e�d� �w�i�t�h� �v�a�r�i�o�u�s� �a�r�o�m�a�t�i�c� �d�i�a�m�i�n�e�s� �(�1�5�4�)�,� �A� �p�a�r�a�l�l�e�l� �s�e�r�i�e�s� �o�f� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �w�e�r�e� 

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

�a�c�i�d�s� �w�i�t�h� �p�y�r�o�m�e�l�l�i�t�i�c� �d�i�a�n�h�y�d�r�i�d�e� �(�1�5�5�)�,� �W�h�o�l�l�y� �a�r�o�m�a�t�i�c� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �h�a�v�e� �b�e�e�n� 

�r�e�p�o�r�t�e�d� �(�1�5�6�)� �w�h�e�r�e�i�n� �t�h�e� �i�m�i�d�e�-�d�i�c�a�r�b�o�x�y�l�i�c� �a�c�i�d�s� �h�a�v�e� �b�e�e�n� �s�y�n�t�h�e�s�i�z�e�d� �c�o�n�t�a�i�n�i�n�g� 

�s�u�l�f�o�n�e� �a�n�d� �a�z�o�g�r�o�u�p�s�.� 
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�2�.�8�.� �P�h�o�s�p�h�o�r�u�s�-�c�o�n�t�a�i�n�i�n�g� �P�o�l�y� �(�a�m�i�d�e�-�i�m�i�d�e�s�)� 

�S�e�v�e�r�a�l� �a�t�t�r�a�c�t�i�v�e� �f�e�a�t�u�r�e�s� �e�x�i�s�t� �i�n� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �p�h�o�s�p�h�o�r�u�s�-�c�o�n�t�a�i�n�i�n�g� 

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

�t�h�a�n� �a�s� �a�n� �a�d�d�i�t�i�v�e�.� �I�f� �t�h�e� �p�h�o�s�p�h�o�r�u�s� �m�o�i�e�t�y� �i�s� �l�i�n�k�e�d� �i�n� �t�h�e� �c�h�a�i�n� �b�y� �P�-�C� �b�o�n�d�s� �r�a�t�h�e�r� 

�t�h�a�n� �P�-�O�-�C� �l�i�n�k�a�g�e�s�,� �t�h�e�n� �t�h�e� �t�h�e�r�m�a�l� �a�n�d� �h�y�d�r�o�l�y�t�i�c� �s�t�a�b�i�l�i�t�y� �i�s� �f�u�r�t�h�e�r� �e�n�h�a�n�c�e�d�.� �A� 

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

�b�e�e�n� �r�e�p�o�r�t�e�d� �(�1�5�7�)�-�(�1�6�7�)�,� �S�a�t�o� �e�r�.� �a�l�.� �(�1�6�8�)� �h�a�v�e� �g�e�n�e�r�a�t�e�d� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �f�r�o�m� 
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�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W



�T�h�e� �c�h�e�m�i�c�a�l� �r�e�s�i�s�t�a�n�c�e� �o�f� �T�o�r�l�o�n� �p�o�l�y�m�e�r�s� �i�s� �o�u�t�s�t�a�n�d�i�n�g� �a�n�d� �T�a�b�l�e� �2�.�3� �s�h�o�w�s� 

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

�t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h� �r�e�t�a�i�n�e�d� �a�f�t�e�r� �2�4� �h�o�u�r�s� �e�x�p�o�s�u�r�e� �a�t� �2�0�0�°�F� �u�n�l�e�s�s� �s�p�e�c�i�f�i�e�d� �o�t�h�e�r�w�i�s�e� �(�1�)�,� 

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

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

�c�a�u�s�t�i�c�s�.� 

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

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

�a�n�d� �i�m�i�d�e�s�,� �T�o�r�l�o�n� �i�s� �f�l�a�m�e� �r�e�t�a�r�d�a�n�t� �a�n�d� �h�a�s� �l�o�w� �s�m�o�k�e� �e�m�i�s�s�i�o�n�.� 

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

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

�_� �e�s�t�a�b�l�i�s�h�e�d� �t�h�a�t� �t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h�s� �a�n�d� �e�l�o�n�g�a�t�i�o�n� �d�o�u�b�l�e� �d�u�r�i�n�g� �p�o�s�t�-�c�u�r�e�;� �t�h�e� �h�e�a�t� �d�i�s�t�o�r�t�i�o�n� 

�t�e�m�p�e�r�a�t�u�r�e� �s�h�o�w�s� �a�n� �i�n�c�r�e�a�s�e� �o�f� �a�b�o�u�t� �5�0�°�F�.� �P�o�s�t�-�c�u�r�e� �a�l�s�o� �h�a�s� �a�n� �e�x�t�r�e�m�e�l�y� �s�i�g�n�i�f�i�c�a�n�t� 

�e�f�f�e�c�t� �o�n� �f�r�i�c�t�i�o�n� �a�n�d� �w�e�a�r� �p�r�o�p�e�r�t�i�e�s�.� 

�2�.�9�.�2�.� �S�o�l�u�t�i�o�n� �P�r�o�p�e�r�t�i�e�s� �o�f� �P�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� 

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

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

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

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

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

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

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

�c�h�a�i�n� �o�n� �s�t�a�n�d�i�n�g�.� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �5�]



�T�a�b�l�e� �2�.�3� �-� �C�h�e�m�i�c�a�l� �R�e�s�i�s�t�a�n�c�e� �o�f� �T�o�r�l�o�n� �P�o�l�y�m�e�r�s� �(�1�1�)� 

�C�h�e�m�i�c�a�l� 

�A�c�i�d�s� 

�A�c�e�t�i�c� �(�1�0�%�)� 
�G�l�a�c�i�a�l� �A�c�e�t�i�c� 
�B�e�n�z�e�n�e� �S�u�l�f�o�n�i�c� 
�C�h�r�o�m�i�c� 
�F�o�r�m�i�c� �(�8�8�%�)� 
�H�y�d�r�o�c�h�l�o�r�i�c� �(�1�0�%�)� 
�H�y�d�r�o�c�h�l�o�r�i�c� �(�3�7�%�)� 
�P�h�o�s�p�h�o�r�i�c� 
�S�u�l�f�u�r�i�c� 

�B�a�s�e�s� 

�A�m�m�o�n�i�u�m� �H�y�d�r�o�x�i�d�e� �(�2�8�%�)� 
�S�o�d�i�u�m� �H�y�d�r�o�x�i�d�e� �(�1�5�%�)� 
�S�o�d�i�u�m� �H�y�d�r�o�x�i�d�e� �(�3�0�%�)� 

�1�0�%� �A�q�u�e�o�u�s� �S�o�l�u�t�i�o�n�s� 

�A�l�u�m�i�n�u�m� �S�u�l�f�a�t�e� 
�A�m�m�o�n�i�u�m� �N�i�t�r�a�t�e� 
�A�m�m�o�n�i�u�m� �S�u�l�f�a�t�e� 
�B�r�o�m�i�n�e� �(�s�a�t�u�r�a�t�e�d�,� �1�2�0�°�F�)� 
�C�a�l�c�i�u�m� �N�i�t�r�a�t�e� 
�F�e�r�r�i�c� �C�h�l�o�r�i�d�e� 

�M�a�g�n�e�s�i�u�m� �C�h�l�o�r�i�d�e� 
�P�o�t�a�s�s�i�u�m� �P�e�r�m�a�n�g�a�n�a�t�e� 
�S�o�i�u�m� �B�i�c�a�r�b�o�n�a�t�e� 
�W�a�t�e�r� 
�S�o�d�i�u�m� �C�a�r�b�o�n�a�t�e� 
�S�o�d�i�u�m� �S�u�l�f�i�d�e� 
�S�o�d�i�u�m� �S�u�l�f�i�t�e� 

�A�l�c�o�h�o�l�s� 

�2�-�A�m�i�n�o�e�t�h�a�n�o�l� 
�A�m�y�l� �e�t�h�a�n�o�l� 
�E�t�h�y�l�e�n�e� �G�l�y�c�o�l� 
�A�m�i�n�e�s� 

�A�n�i�l�i�n�e� 
�D�i�m�e�t�h�y�l� �a�n�i�l�i�n�e� 
�E�t�h�y�l�e�n�e� �D�i�a�m�i�n�e� 
�P�y�r�i�d�i�n�e� 

�P�e�r�c�e�n�t�  ��)� 
�R�e�t�a�i�n�e�d� 

�S�t�r�.� 

�1�0�0� 
�1�0�0� 

�2�8� 
�1�0�0� 

�6�6� 
�1�0�0� 

�9�5� 
�1�0�0� 
�1�0�0� 

�8�1� 

�1�0�0� 
�1�0�0� 

�9�7� 
�1�0�0� 

�7� 
�4�3� 

�C�h�e�m�i�c�a�l� 

�A�l�d�e�h�y�d�e�s� �&� �K�e�t�o�n�e�s� 

�A�c�e�t�o�p�h�e�n�o�n�e� 
�F�o�r�m�a�l�d�e�h�y�d�e� �(�3�7�%�)� 
�F�u�r�f�u�r�a�l� 

�C�h�l�o�r�i�n�a�t�e�d� �O�r�g�a�n�i�c�s� 

�A�c�e�t�y�l� �C�h�l�o�r�i�d�e� �(�1�2�0�°�F�)� 
�B�e�n�z�y�l� �C�h�l�o�r�i�d�e� �(�1�2�0�°�F�)� 
�C�h�l�o�r�o�f�o�r�m� �(�1�2�0�°�F�)� 
�E�p�i�c�h�l�o�r�o�h�y�d�r�i�n� 

�E�s�t�e�r�s� 

�B�u�t�y�l� �A�c�e�t�a�t�e� 
�B�u�t�y�l� �P�h�t�h�a�l�a�t�e� 
�E�t�h�y�l� �A�c�e�t�a�t�e� 

�E�t�h�e�r�s� 

�B�u�t�y�]� �E�t�h�e�r� 
�C�e�l�l�o�s�o�l�v�e� 
�p�-�D�i�o�x�a�n�e� 
�T�e�t�r�a�h�y�d�r�o�f�u�r�a�n� 

�H�y�d�r�o�c�a�r�b�o�n�s� 

�C�y�c�l�o�h�e�x�a�n�e� 
�D�i�e�s�e�l� �F�u�e�l� 
�M�i�n�e�r�a�l� �O�i�l� 
�M�o�t�o�r� �O�i�l� 

�N�i�t�r�i�l�e�s� 

�A�c�e�t�o�n�i�t�r�i�l�e� 

�B�e�n�z�o�n�i�t�r�i�l�e� 

�N�i�t�r�o� �C�o�m�p�o�u�n�d�s� 

�N�i�t�r�o�b�e�n�z�e�n�e� 

�M�i�s�c�e�l�l�a�n�e�o�u�s� 

�T�r�i�p�h�e�n�y�l� �P�h�o�s�p�h�i�t�e� 

�(�4�)� �A�f�t�e�r� �2�4� �h�o�u�r� �e�x�p�o�s�u�r�e� �a�t� �2�0�0�°�F� �u�n�l�e�s�s� �o�t�h�e�r�w�i�s�e� �s�t�a�t�e�d� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� 

�P�e�r�c�e�n�t� �(�?�)� 
�R�e�t�a�i�n�e�d� 
�T�e�n�s�i�l�e� �S�t�r�.� 

�1�0�0� 
�1�0�0� 
�8�4� 

�1�0�0� 
�1�0�0� 
�1�0�0� 
�1�0�0� 

�1�0�0� 
�1�0�0� 
�1�0�0� 

�1�0�0� 
�1�0�0� 
�1�0�0� 
�1�0�0� 

�1�0�0� 

�1�0�0� 
�1�0�0� 

�1�0�0� 
�1�0�0� 

�1�0�0� 

�1�0�0



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

�b�e�e�n� �u�s�e�d�,� �h�a�v�e� �g�i�v�e�n� �b�o�t�h�,� �g�o�o�d� �s�o�l�u�b�i�l�i�t�y� �a�s� �w�e�l�l� �a�s� �h�i�g�h� �s�o�l�u�t�i�o�n� �v�i�s�c�o�s�i�t�i�e�s�.� 

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

�r�e�s�u�l�t�e�d� �i�n� �r�e�d�u�c�e�d� �v�i�s�c�o�s�i�t�i�e�s� �>� �1�.�0� �d�l�/�g� �f�o�r� �0�.�5�%� �D�M�F� �s�o�l�u�t�i�o�n�s� �a�t� �2�0�°�C� �(�8�6�)�,� �M�a�i�t�i� �e�t�.� 

�a�l�.� �(�8�9�)�-�(�9�8�)� �h�a�v�e� �b�e�e�n� �l�e�s�s� �s�u�c�c�e�s�s�f�u�l� �i�n� �g�e�n�e�r�a�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�s� �b�y� 

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

�p�r�e�s�e�n�c�e� �o�f� �S�O�C�]�.� �T�h�i�s� �i�s� �r�e�f�l�e�c�t�e�d� �i�n� �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� �m�e�a�s�u�r�e�d� �f�o�r� �a� �v�a�r�i�e�t�y� 

�o�f� �s�y�s�t�e�m�s�.� �T�y�p�i�c�a�l�l�y�,� �t�h�e� �i�n�h�e�r�e�n�t� �v�i�s�c�o�s�i�t�y�,� �m�e�a�s�u�r�e�d� �i�n� �0�.�5�%� �(�w�/�v�)� �s�o�l�u�t�i�o�n�s� �i�n� �D�M�F� 

�a�t� �3�0�°�C� �w�a�s� �l�e�s�s� �t�h�a�n� �~�0�.�3� �d�l�/�g�.� 

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

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

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

�s�o�l�u�t�i�o�n� �v�i�s�c�o�s�i�t�y� �h�a�s� �e�x�c�e�e�d�e�d� �0�.�6� �d�l�/�g�.� 

�S�o�l�u�b�i�l�i�t�y� �p�a�r�a�m�e�t�e�r� �s�t�u�d�i�e�s� �o�n� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �h�a�s� �n�o�t� �b�e�e�n� �e�x�t�e�n�s�i�v�e�.� �M�a�i�t�i� 

�e�t�.� �a�l�.� �(�1�7�1�)�-�(�1�7�3�)� �h�a�v�e� �o�b�s�e�r�v�e�d� �s�w�e�l�l�i�n�g� �a�n�d�/�o�r� �d�i�s�s�o�l�u�t�i�o�n� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �p�o�l�y�(�a�m�i�d�e�-� 

�i�m�i�d�e�s�)� �i�n� �a� �v�a�r�i�e�t�y� �o�f� �s�o�l�v�e�n�t�s�.� �A� �p�l�o�t� �o�f� �t�h�e� �s�o�l�u�b�i�l�i�t�y� �p�a�r�a�m�e�t�e�r� �(�5�)� �a�g�a�i�n�s�t� �t�h�e� �H�-� 

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

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

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

�p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)�.� �T�h�e� �t�h�e�o�r�e�t�i�c�a�l� �v�a�l�u�e� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �S�m�a�l�l�'�s� �g�r�o�u�p� �c�o�n�t�r�i�b�u�t�i�o�n� 

�v�a�l�u�e�s� �(�1�7�4�)�,� �U�s�i�n�g� �G� �v�a�l�u�e�s� �r�e�p�o�r�t�e�d� �b�y� �H�o�y� �(�1�7�5�)�-�(�1�7�7�)�,� �t�h�e� �s�o�l�u�b�i�l�i�t�y� �p�a�r�a�m�e�t�e�r� �(�5�)� �w�a�s� 

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

�5� �=� �p� �(�Z�.�G�/�M�)� �(�2�.�1�)� 

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �5�9



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

�G� �=� �m�o�l�a�r� �a�t�t�r�a�c�t�i�o�n� �c�o�n�s�t�a�n�t� 

�<�
 �i� �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� �r�e�p�e�a�t� �u�n�i�t�.� 

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

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

�g�r�o�u�p�s� �i�n� �t�h�e� �r�e�p�e�a�t� �u�n�i�t�.� �T�h�e�s�e� �v�a�l�u�e�s� �w�e�r�e� �c�o�n�f�i�n�e�d� �t�o� �t�h�e� �r�a�n�g�e� �9�.�1�7� �~� �1�1�.�6�9� �(�9�2�)�-� 

�(�9�5�)�,�(�9�8�)�,�(�1�0�0�)�.� 

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

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

�c�o�r�r�e�l�a�t�i�n�g� �i�n�t�r�i�n�s�i�c� �v�i�s�c�o�s�i�t�y� �t�o� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �(�1�2�6�)�,�(�1�2�7�)�,� 

�2�.�9�.�3�.� �T�h�e�r�m�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� �h�a�s� �b�e�e�n� �g�e�n�e�r�a�l�l�y� �r�e�p�o�r�t�e�d� �i�n� �t�e�r�m�s� �o�f� �d�y�n�a�m�i�c� 

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

�i�m�i�d�e�s�)� �s�h�o�w� �a� �s�e�c�o�n�d� �o�r�d�e�r� �t�r�a�n�s�i�t�i�o�n� �t�y�p�i�c�a�l�l�y� �i�n� �t�h�e� �r�a�n�g�e� �2�6�5�~�2�8�5�°�C�.� �M�a�n�y� �o�f� �t�h�e� 

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

�4�0�0�°�C�.� �T�h�e� �h�i�g�h� �t�e�m�p�e�r�a�t�u�r�e� �p�e�r�f�o�r�m�a�n�c�e� �h�a�s� �b�e�e�n� �e�v�a�l�u�a�t�e�d� �b�y� �m�e�a�s�u�r�e�m�e�n�t� �o�f� 

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

�p�r�o�p�e�r�t�i�e�s� �a�f�t�e�r� �h�e�a�t� �a�g�i�n�g�.� 

�2�.�9�.�4�.� �I�n�f�r�a�r�e�d� �S�p�e�c�t�r�o�s�c�o�p�y� 

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

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

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �@



�1�7�8�0�~�1�7�7�0� �c�m�!� �s�y�m�m�e�t�r�i�c�a�l� �i�m�i�d�e�-�c�a�r�b�o�n�y�]� �s�t�r�e�t�c�h� 

�1�7�3�0�~�1�7�2�0� �c�m�!� �a�s�y�m�m�e�t�r�i�c�a�l� �i�m�i�d�e�-�c�a�r�b�o�n�y�]� �s�t�r�e�t�c�h� 

�7�3�0�~�7�2�0� �c�m�!� �i�m�i�d�e� �r�i�n�g� �d�e�f�o�r�m�a�t�i�o�n� 

�3�3�0�0� �c�m�!� �a�m�i�d�e� �N�-�H� �s�t�r�e�t�c�h� 

�1�6�5�0� �c�m�!� �a�m�i�d�e�-�c�a�r�b�o�n�y�]� �s�t�r�e�t�c�h� 

�1�5�5�0�~�1�5�4�0� �c�m�!� �a�m�i�d�e�-�c�a�r�b�o�n�y�]� �s�t�r�e�t�c�h� 

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

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

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

�t�h�e� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)� �s�y�n�t�h�e�s�i�s�.� 

�2�.�9�.�5�.� �N�M�R� �S�p�e�c�t�r�o�s�c�o�p�y� 

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

�p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)�.� �M�o�h�i�t�e� �e�t�.� �a�l�.� �(�1�7�8�)� �h�a�v�e� �i�d�e�n�t�i�f�i�e�d� �t�h�e� �p�e�a�k�s� �a�t� �8� �=� �1�6�7� �p�p�m� �a�s� �t�h�e� 

�i�m�i�d�e� �c�a�r�b�o�n�y�l� �a�n�d� �a�t� �§� �=� �1�6�5� �p�p�m� �a�s� �t�h�e� �a�m�i�d�e� �c�a�r�b�o�n�y�l� �b�y� �C�!�3� �N�M�R�.� �I�n� �t�h�e� �a�r�o�m�a�t�i�c� 

�p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)�,� �t�h�e� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n�s� �o�f� �f�u�l�l�y� �c�y�c�l�i�z�e�d� �s�y�s�t�e�m�s� �l�i�e� �i�n� �t�h�e� �r�a�n�g�e� �7�~�9� 

�p�p�m� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �'�H� �N�M�R�.� �T�h�e� �a�m�i�d�e� �p�r�o�t�o�n� �p�e�a�k� �h�a�s� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �a�t� �5�=�1�0�.�4� 

�p�p�m�.� �R�o�g�e�r�s� �e�t�.� �a�l�.� �(�7�7�)� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n�s� �o�f� �a�m�i�n�e� �c�h�a�i�n� �e�n�d�s� �l�i�e� �i�n� �t�h�e� 

�r�a�n�g�e� �6�.�6�~�6�.�8�5� �p�p�m�.� �T�h�i�s� �i�s� �u�s�e�f�u�l� �i�n� �e�v�a�l�u�a�t�i�n�g� �t�h�e� �e�f�f�i�c�i�e�n�c�y� �o�f� �g�e�n�e�r�a�t�i�n�g� �n�o�n�-�r�e�a�c�t�i�v�e� 

�c�h�a�i�n� �e�n�d� �t�e�r�m�i�n�a�t�e�d� �s�y�s�t�e�m�s� �w�h�e�r�e� �t�h�e� �c�o�m�p�l�e�t�e� �d�i�s�a�p�p�e�a�r�a�n�c�e� �o�f� �p�e�a�k�s� �a�t� �6�.�6�~�6�.�8�5� �p�p�m� 

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

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

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �é�l



�2�.�9�.�6�.� �G�e�l� �P�e�r�m�e�a�t�i�o�n� �C�h�r�o�m�a�t�o�g�r�a�p�h�y� 

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

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

�l�a�r�g�e�l�y� �i�g�n�o�r�e�d�.� �M�u�k�o�y�a�m�a� �e�t�.� �a�l�.� �(�1�7�9�)� �h�a�v�e� �r�e�p�o�r�t�e�d� �o�n� �t�h�e� �e�l�u�t�i�o�n� �b�e�h�a�v�i�o�r� �o�f� 

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

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

�[�D�M�F�,� �T�H�F�,� �D�M�F�-�T�H�F� �(�1�:�1�)� �v�/�v�]�,� �t�h�e�r�e� �w�a�s� �a� �d�i�f�f�e�r�e�n�c�e� �n�o�t�e�d� �i�n� �t�h�e� �r�e�t�e�n�t�i�o�n� 

�v�o�l�u�m�e�s�.� �U�s�i�n�g� �D�M�E�F� �a�s� �t�h�e� �m�o�b�i�l�e� �p�h�a�s�e�,� �t�h�e� �p�o�l�y�m�e�r� �t�e�n�d�e�d� �t�o� �e�l�u�t�e� �a�t� �t�h�e� �e�x�c�l�u�s�i�o�n� 

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

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

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

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

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

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

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

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

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

�e�l�u�t�i�o�n�.� 

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

�p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d� �(�1�8�0�)�,� �N�M�P�,� �d�i�s�t�i�l�l�e�d� �o�v�e�r� �P�2�O�s�5� �a�n�d� �c�o�n�t�a�i�n�i�n�g� 

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

�L�I�T�E�R�A�T�U�R�E� �R�E�V�I�E�W� �G�2



�2�.�9�.�7�.� �O�t�h�e�r� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �T�e�c�h�n�i�q�u�e�s� 

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

�q�u�a�n�t�i�t�a�t�i�v�e� �a�n�a�l�y�s�i�s� �o�f� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �(�1�8�1�)�,� �I�n� �t�h�i�s� �p�r�o�c�e�d�u�r�e�,� �t�h�e� �s�a�m�p�l�e� �w�a�s� �f�u�s�e�d� 

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

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

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

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

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

�2�.�9�.�8�.� �S�t�r�u�c�t�u�r�e�-�P�r�o�p�e�r�t�y� �R�e�l�a�t�i�o�n�s�h�i�p�s� 

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

�i�n� �t�h�e� �r�e�p�e�a�t� �u�n�i�t� �o�n� �t�h�e� �o�v�e�r�a�l�l� �p�r�o�p�e�r�t�i�e�s� �o�f� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)�.� �W�r�a�s�i�d�l�o� �a�n�d� �A�u�g�l� �(�8�4�)� 

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

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

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

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

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

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

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

�a�n�d� �o�x�y�-� �l�i�n�k�s� �f�l�e�x�i�b�i�l�i�z�e� �t�h�e� �c�h�a�i�n�,� �l�o�w�e�r�i�n�g� �t�h�e� �T�y� �s�o�m�e�w�h�a�t� �s�l�i�g�h�t�l�y�.� �E�s�s�e�n�t�i�a�l�l�y�,� �a� 

�s�i�m�i�l�a�r� �c�o�n�c�l�u�s�i�o�n� �h�a�s� �b�e�e�n� �d�r�a�w�n� �b�y� �J�.� �d�e� �A�b�a�j�o� �a�n�d� �c�o�-�w�o�r�k�e�r�s� �(�8�7�)�.� �U�s�i�n�g� 

�t�h�e�r�m�o�g�r�a�v�i�m�e�t�r�i�c� �a�n�a�l�y�s�i�s� �r�e�s�u�l�t�s�,� �W�r�a�s�i�d�l�o� �a�n�d� �A�u�g�l� �(�7�8�)� �h�a�v�e� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� 

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

�p�o�l�y�a�m�i�d�e�s�.� 
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�T�a�b�l�e� �2�.�4� �-� �T�r�e�n�d�s� �i�n� �T�g� �w�i�t�h� �v�a�r�i�a�t�i�o�n�s� �i�n� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �t�h�e� �d�i�a�m�i�n�e�s� �(�8�4�)� 
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�T�h�e� �r�o�l�e� �o�f� �o�-�,� �m�-� �a�n�d� �p�-� �l�i�n�k�a�g�e�s� �h�a�s� �b�e�e�n� �e�l�e�g�a�n�t�l�y� �s�t�u�d�i�e�d� �b�y� �M�a�i�t�i� �e�t�.� �a�l�.� �5�)� 

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

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

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

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

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

�o�f� �v�a�r�i�o�u�s� �p�o�l�y�m�e�r� �s�y�s�t�e�m�s�.� �C�h�e�n� �e�t�.� �a�l�.� �(�3�5�)� �h�a�v�e� �a�t�t�e�m�p�t�e�d� �t�o� �d�e�m�o�n�s�t�r�a�t�e� �t�h�a�t� �t�h�e� 

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

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

�g�r�o�u�p�s� �b�y� �p�a�r�t� �r�e�p�l�a�c�e�m�e�n�t� �o�f� �T�M�A�C� �b�y� �6�F�-�d�i�a�n�h�y�d�r�i�d�e�.� �T�h�i�s� �o�b�v�i�o�u�s�l�y� �i�n�c�r�e�a�s�e�s� �t�h�e� 

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

�n�o�t� �c�l�e�a�r� �i�n� �t�h�i�s� �c�a�s�e� �w�h�e�t�h�e�r� �6�F� �i�n�c�o�r�p�o�r�a�t�i�o�n� �o�r� �t�h�e� �i�n�c�r�e�a�s�e� �i�n� �i�m�i�d�e� �c�h�a�r�a�c�t�e�r� �o�r� �b�o�t�h� �a�r�e� 

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

�H�a�v�e�n�s� �e�t�.� �a�l�.� �(�1�4�9�)� �h�a�v�e� �s�y�n�t�h�e�s�i�z�e�d� �a� �s�e�r�i�e�s� �o�f� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �f�r�o�m� �T�M�A�C� 

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

�T�a�b�l�e� �2�.�5�.� �T�h�e� �a�l�l�-�p�a�r�a� �s�t�r�u�c�t�u�r�e� �h�a�s� �h�i�g�h�e�r� �T�y� �v�a�l�u�e�s� �t�h�a�n� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �m�e�t�a� 

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

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

�2�.�1�0�.� �A�p�p�l�i�c�a�t�i�o�n�s� �o�f� �P�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� 

�O�w�i�n�g� �t�o� �t�h�e�i�r� �h�i�g�h� �s�t�r�e�n�g�t�h�,� �l�o�n�g�-�t�e�r�m� �h�e�a�t� �r�e�s�i�s�t�a�n�c�e� �a�n�d� �e�x�c�e�l�l�e�n�t� �e�l�e�c�t�r�i�c�a�l� 

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

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

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

�c�o�m�m�e�r�c�i�a�l�l�y� �a�v�a�i�l�a�b�l�e� �t�h�a�t� �h�a�v�e� �d�e�m�o�n�s�t�r�a�t�e�d� �l�o�n�g�-�t�i�m�e� �t�h�e�r�m�a�l� �s�t�a�b�i�l�i�t�y� �a�t� �2�2�0�°�C�.� �I�n� �f�a�c�t�,� 

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

�u�s�e� �a�t� �2�4�0�°�C�.� 

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

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

�G�l�a�s�s� �r�e�i�n�f�o�r�c�e�d� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �a�r�e� �e�x�t�r�e�m�e�l�y� �a�t�t�r�a�c�t�i�v�e� �o�w�i�n�g� �t�o� �e�x�t�r�e�m�e�l�y� 

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

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

�s�t�i�f�f�n�e�s�s� �a�r�e� �r�e�q�u�i�r�e�d�.� 

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

�s�u�p�p�o�r�t� �b�r�a�c�k�e�t�s�.� 

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

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

� � 

� � 

� � � � 

�N�o� �A�p�p�l�i�c�a�t�i�o�n� �R�e�f�s�.� 

�1�.� �H�e�a�t� �R�e�s�i�s�t�a�n�t� �/� �I�n�s�u�l�a�t�i�o�n� �C�o�a�t�i�n�g�s� �(�1�8�2�)� �-� �(�1�8�8�)� 

�2�.� �E�l�e�c�t�r�i�c�a�l� �I�n�s�u�l�a�t�i�o�n� �M�a�t�e�r�i�a�l�s� �(�1�8�9�)� �-� �(�2�0�3�)� 

�3�.� �H�e�a�t� �R�e�s�i�s�t�a�n�t� �C�o�m�p�o�s�i�t�i�o�n�s� �/� �L�a�m�i�n�a�t�e�s� �(�2�0�4�)� �-� �(�2�1�8�)� 

�4�.� �P�r�i�n�t�e�d� �C�i�r�c�u�i�t� �B�o�a�r�d�s� �(�2�1�9�)� �-� �(�2�2�3�)� 

�5�.� �F�i�b�e�r� �R�e�i�n�f�o�r�c�e�d� �T�h�e�r�m�o�p�l�a�s�t�i�c� �P�r�e�p�r�e�g�s� �(�2�2�4�)� �,� �(�2�2�5�)� 

�6�.� �H�e�a�t� �R�e�s�i�s�t�a�n�t� �P�h�o�t�o�r�e�s�i�s�t�s� �(�2�2�6�)� �-� �(�2�2�8�)� 

�7�.� �G�a�s� �S�e�p�a�r�a�t�i�o�n� �M�e�m�b�r�a�n�e�s� �(�2�2�9�)� 

�8�.� �M�a�g�n�e�t�i�c� �R�e�c�o�r�d�i�n�g� �T�a�p�e�s� �(�2�3�0�)� �,� �(�2�3�1�)� 

�9�.� �A�b�r�a�s�i�o�n� �R�e�s�i�s�t�a�n�t� �M�a�t�e�r�i�a�l�s� �(�2�3�2�)� �-� �(�2�3�6�)� 

�1�0�.� �|� �A�d�h�e�s�i�v�e�s� �(�2�3�7�)� 

�1�1�.� �|� �A�n�t�i�f�r�i�c�t�i�o�n� �A�p�p�l�i�c�a�t�i�o�n�s� �M�a�t�e�r�i�a�l�s� �(�2�3�8�)� 

�1�2�.� �|� �W�i�r�e� �E�n�a�m�e�l�s� �(�2�3�9�)� �-� �(�2�4�3�)� � � � � 
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� 



�C�H�A�P�T�E�R� �3� 

�E�X�P�E�R�I�M�E�N�T�A�L� 

�3�.�1�.� �P�u�r�i�f�i�c�a�t�i�o�n� �o�f� �s�o�l�v�e�n�t�s� 

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

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

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

�s�u�c�h� �a�s� �p�h�o�s�p�h�o�r�u�s� �p�e�n�t�o�x�i�d�e� �[�P�2�0�5�]� �a�n�d� �c�a�l�c�i�u�m� �h�y�d�r�i�d�e� �[�C�a�H�2�]�.� �T�h�e� �d�r�y�i�n�g� �a�g�e�n�t�s� 

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

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

�a�d�o�p�t�e�d� �w�a�s� �t�o� �s�t�i�r� �t�h�e� �s�o�l�v�e�n�t�s� �o�v�e�r� �d�r�y�i�n�g� �a�g�e�n�t�s� �f�o�r� �a�t� �l�e�a�s�t� �1�2� �h�o�u�r�s� �u�n�d�e�r� �a� �n�i�t�r�o�g�e�n� 

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

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

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

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

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

�s�o�l�v�e�n�t�s�.� 

�3�.�1�.�1�.� �1�-�M�e�t�h�y�l�-�2�-�P�y�r�r�o�l�i�d�i�n�o�n�e� �[�N�M�P�]� 

�S�u�p�p�l�i�e�r� �,� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �C�o�.� 

�M�o�l�e�c�u�l�a�r� �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�,� �g�/�m�o�l�:� �9�9�.�1�3� 

�B�o�i�l�i�n�g� �p�o�i�n�t�,� �°�C�/�m�m� �H�g� �:� �2�0�5�/�7�6�0�,� �8�1�~�8�2�/�1�0� 

�M�e�l�t�i�n�g� �p�o�i�n�t�,� �°�C� �-�2�4� 

�E�X�P�E�R�I�M�E�N�T�A�L� �6�9



�D�e�n�s�i�t�y�,� �g�/�c�m�3� �:� �1�.�0�3�3� 

�C�h�e�m�i�c�a�l� �S�t�r�u�c�t�u�r�e� 

�O� 

�N�e�e� �N�~� 

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

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

�r�e�a�c�t�i�o�n�s� �d�u�r�i�n�g� �t�h�e� �a�m�i�d�a�t�i�o�n� �a�n�d� �i�m�i�d�i�z�a�t�i�o�n� �r�e�a�c�t�i�o�n�s�.� �A�m�i�d�e� �s�o�l�v�e�n�t�s�,� �s�u�c�h� �a�s� �N�M�P� 

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

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

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

�e�n�d�s�(�2�4�4�)�,� �T�h�e� �r�e�a�c�t�i�o�n� �o�f� �p�h�o�s�p�h�o�r�u�s� �p�e�n�t�o�x�i�d�e� �w�i�t�h� �t�h�e�s�e� �a�m�i�n�e�s� �p�r�e�v�e�n�t�s� �t�h�e�s�e� 

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

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

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

�3�.�1�.�2�.� �D�i�m�e�t�h�y�l� �A�c�e�t�a�m�i�d�e� �[�D�M�A�C�]� 

�S�u�p�p�l�i�e�r� �M�a�l�l�i�n�c�k�r�o�d�t� �S�p�e�c�i�a�l�i�t�y� �C�h�e�m�i�c�a�l�s� �C�o�.� 

�M�o�l�e�c�u�l�a�r� �f�o�r�m�u�l�a� �:� �C�4�H�9�g�N�O� 

�M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �g�/�m�o�l�:� �8�7�.�1�4� 

�B�o�i�l�i�n�g� �p�o�i�n�t�,� �°�C�/�m�m� �H�g� �:� �1�6�4�/�7�6�0� 

�M�e�l�t�i�n�g� �p�o�i�n�t�,� �°�C� �:� �-�2�0� 

�D�e�n�s�i�t�y�,� �g�/�o�m�3� �@� �2�5�°�C�:� �~�~� �0�.�9�3�7� 

�E�X�P�E�R�I�M�E�N�T�A�L� �7�0



�C�h�e�m�i�c�a�l� �s�t�r�u�c�t�u�r�e� 

�|� �H�s� 
�C�H�, ��-�C�  ��N�.� 

�C�H�,� 

�P�u�r�i�f�i�c�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� �D�M�A�C� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �d�i�s�t�i�l�l�a�t�i�o�n� �u�n�d�e�r� �r�e�d�u�c�e�d� �p�r�e�s�s�u�r�e� 

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

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

�h�y�d�r�i�d�e� �f�o�r� �1�2� �h�o�u�r�s�,� �t�h�e� �c�o�n�s�t�a�n�t� �b�o�i�l�i�n�g� �f�r�a�c�t�i�o�n� �w�a�s� �c�o�l�l�e�c�t�e�d� �a�n�d� �s�t�o�r�e�d� �u�n�d�e�r� �A�r�g�o�n� 

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

�3�.�1�.�3�.� �1�,�2�-�D�i�c�h�l�o�r�o�b�e�n�z�e�n�e� �[�D�C�B�]� 

�S�u�p�p�l�i�e�r� �:� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �C�o�.� 

�M�o�l�e�c�u�l�a�r� �f�o�r�m�u�l�a� �C�e�6�H�4�C�l�o� 

�M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �g�/�m�o�l�:� �1�4�7�.�0�0� 

�B�o�i�l�i�n�g� �p�o�i�n�t�,� �°�C�/�m�m� �H�g� �:� �1�7�9�~�1�8�0�/�7�6�0�,� �8�1�~�8�2�/�3�1� 

�M�e�l�t�i�n�g� �p�o�i�n�t�,� �°�C� �-�1�8� �~� �-�1�5� 

�D�e�n�s�i�t�y�,� �g�/�c�m�3� �:� �1�.�3�0�6� 

�C�h�e�m�i�c�a�l� �s�t�r�u�c�t�u�r�e� 

�C�  ��e�)� 

�P�u�r�i�f�i�c�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� �|� �D�C�B� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �d�i�s�t�i�l�l�a�t�i�o�n� �u�n�d�e�r� �r�e�d�u�c�e�d� �p�r�e�s�s�u�r�e� �a�f�t�e�r� 

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

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

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

�p�r�e�s�s�u�r�e� �t�i�l�l� �u�s�e�.� 

�E�X�P�E�R�I�M�E�N�T�A�L� �7�1



�3�.�1�.�4�.� �D�e�u�t�e�r�a�t�e�d� �s�o�l�v�e�n�t�s� 

�C�h�l�o�r�o�f�o�r�m�-�d� �(�A�l�d�r�i�c�h�,� �9�9�.�8� �a�t�o�m� �%� �D�)�,� �a�c�e�t�o�n�e�-�d�g� �(�A�l�d�r�i�c�h�,� �9�9�.�5� �a�t�o�m� �%� �D�)� 

�a�n�d� �d�i�m�e�t�h�y�l� �s�u�l�f�o�x�i�d�e�-�d�g� �(�A�l�d�r�i�c�h�,� �9�9�.�5� �a�t�o�m� �%� �D�)� �w�e�r�e� �u�s�e�d� �a�s� �r�e�c�e�i�v�e�d� �f�o�r� �N�M�R� 

�a�n�a�l�y�s�i�s�.� 

�3�.�2�.� �P�u�r�i�f�i�c�a�t�i�o�n� �o�f� �m�o�n�o�m�e�r�i�c� �r�e�a�c�t�a�n�t�s� 

�3�.�2�.�1�.� �4�,�4�'�-�O�x�y�d�i�a�n�i�l�i�n�e� �[�O�D�A�]� 

�S�u�p�p�l�i�e�r�s� �:� �A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�.�,� �C�h�r�i�s�k�e�v� �C�o�.� 

�M�o�l�e�c�u�l�a�r� �f�o�r�m�u�l�a� �:� �C�1�2�H�1�2�N�2�0� 

�M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �g�/�m�o�l�:� �2�0�0�.�2�4� 

�B�o�i�l�i�n�g� �p�o�i�n�t�,� �°�C�/�m�m�.� �H�g� �:� �1�9�0�/�0�.�1� 

�M�e�l�t�i�n�g� �p�o�i�n�t�,� �°�C� �:� �1�9�0�~�1�9�2� 

�C�h�e�m�i�c�a�l� �s�t�r�u�c�t�u�r�e� 

�n�n� �)�-�0�-�L� �o�m� 
�P�u�r�i�f�i�c�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� �O�D�A� �o�f� �f�a�i�r�l�y� �h�i�g�h� �p�u�r�i�t�y� �(�>�9�9�.�5�%�,� �m�p� �=� �1�9�1�.�5�°�C�)� �i�s� 

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

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

�u�n�d�e�r� �a� �h�i�g�h� �v�a�c�u�u�m� �a�t� �a�b�o�u�t� �1�8�5�~�1�9�0�°�C� �t�o� �y�i�e�l�d� �a� �w�h�i�t�e� �m�a�t�e�r�i�a�l� �t�h�a�t� �w�a�s� �t�h�e�n� �u�s�e�d� �i�n� 

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

�p�u�r�i�f�i�c�a�t�i�o�n� �p�r�o�c�e�d�u�r�e� �s�u�g�g�e�s�t�e�d� �b�y� �I�s�h�i�d�a�,� �e�t�.� �a�l�.� �(�2�4�5�)� �h�a�s� �b�e�e�n� �a�d�o�p�t�e�d�.� �A�c�c�o�r�d�i�n�g� �t�o� 

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

�h�y�d�r�o�c�h�l�o�r�i�d�e� �s�a�l�t� �b�y� �r�e�a�c�t�i�o�n� �w�i�t�h� �h�y�d�r�o�c�h�l�o�r�i�c� �a�c�i�d� �[�H�C�I�]�.� �T�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �t�h�e�n� 

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

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

�d�r�y�i�n�g� �u�n�d�e�r� �v�a�c�u�u�m�.� 

�3�.�2�.�2�.� �1�,�3�-�P�h�e�n�y�l�e�n�e� �d�i�a�m�i�n�e� �[�m�P�D�A�]� 

�S�u�p�p�l�i�e�r�s� �:� �A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�.�,� 

�M�o�l�e�c�u�l�a�r� �f�o�r�m�u�l�a� �:� �C�6�H�g�N� 

�M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �g�/�m�o�l�:� �1�0�8�.�1�4� 

�B�o�i�l�i�n�g� �p�o�i�n�t�,� �°�C�/�m�m�.� �H�g� �:� �2�8�2�~�2�8�4�/� �7�6�0� 

�M�e�l�t�i�n�g� �p�o�i�n�t�,� �°�C� �:� �6�4�~�6�6� 

�C�h�e�m�i�c�a�l� �s�t�r�u�c�t�u�r�e� 

�H�,�N� �N�H�,� 

�w�W� 
�P�u�r�i�f�i�c�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� �m�P�D�A� �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�b�o�u�t� �7�0�°�C� �u�n�d�e�r� 

�v�a�c�u�u�m�.� �O�w�i�n�g� �t�o� �t�h�e� �e�a�s�e� �w�i�t�h� �w�h�i�c�h� �m�P�D�A� �c�a�n� �u�n�d�e�r�g�o� �o�x�i�d�a�t�i�o�n� �i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� 

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

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

�3�.�2�.�3�.� �3�,�3�'�-�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�]� 

�S�u�p�p�l�i�e�r�s� �A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�.�,� �C�h�r�i�s�k�e�v� �C�o�.�,� �K�e�n�n�e�d�y� �a�n�d� 

�K�l�i�m�.� 

�M�o�l�e�c�u�l�a�r� �f�o�r�m�u�l�a� �;� �C�1�2�H�1�2�N�2�0�2�S� 

�M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �g�/�m�o�l� �_� �:� �2�4�8�.�3�0� 

�M�e�l�t�i�n�g� �p�o�i�n�t�,� �°�C� �:� �1�7�0�~�1�7�3� 
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�C�h�e�m�i�c�a�l� �s�t�r�u�c�t�u�r�e� 

�H�,�N� �O� �N�H�,� 

�|� �+� �|� 
�O� 

�P�u�r�i�f�i�c�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� �D�D�S� �w�a�s� �u�s�e�d� �i�n� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �a� �m�o�n�o�m�e�r�i�c� �p�r�e�c�u�r�s�o�r�,� �t�h�e� 

�N�,�N�'�-�b�i�s� �a�c�e�t�y�l�a�t�e�d� �d�e�r�i�v�a�t�i�v�e�.� �F�o�r� �t�h�i�s� �p�u�r�p�o�s�e�,� �t�h�e� �d�i�a�m�i�n�e� �w�a�s� �u�s�e�d� �a�s� �r�e�c�e�i�v�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�.� 

�3�.�2�.�4�.� �9�,�9�-�B�i�s�[�4�-�A�m�i�n�o�p�h�e�n�y�l�]� �F�l�u�o�r�e�n�e� �[�F�D�A�]� 

�S�u�p�p�l�i�e�r�s� �:� �C�h�r�i�s�k�e�v� �C�o�m�p�a�n�y� �I�n�c�.� 

�M�o�l�e�c�u�l�a�r� �f�o�r�m�u�l�a� �:� �C�2�5�H�2�0�N�2� 

�M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �g�/�m�o�l� �:� �3�4�8�.�5� 

�M�e�l�t�i�n�g� �p�o�i�n�t�,� �°�C� �:� �2�3�7� 

�C�h�e�m�i�c�a�l� �s�t�r�u�c�t�u�r�e� 

�H�,�N� �c� �@� �N�H�)� 

�O�O� 
�P�u�r�i�f�i�c�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� �F�D�A� �i�s� �r�e�a�d�i�l�y� �a�v�a�i�l�a�b�l�e� �i�n� �a�b�o�u�t� �9�8�%� �p�u�r�i�t�y� �a�s� �a� �l�i�g�h�t� �g�r�a�y� 

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

�f�i�l�t�e�r�e�d� �a�n�d� �d�r�i�e�d� �u�n�d�e�r� �v�a�c�u�u�m� �a�n�d� �s�t�o�r�e�d� �i�n� �a� �d�e�s�s�i�c�a�t�o�r� �i�n� �t�h�e� �d�a�r�k� �t�i�l�l� �u�s�e�.� 
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�3�.�2�.�5�.� �A�n�i�l�i�n�e� 

�S�u�p�p�l�i�e�r�s� 

�M�o�l�e�c�u�l�a�r� �f�o�r�m�u�l�a� 

�M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �g�/�m�o�l� 

�B�o�i�l�i�n�g� �p�o�i�n�t�,� �°�C�/�m�m�.� �H�g� �:� 

�M�e�l�t�i�n�g� �p�o�i�n�t�,� �°�C� 

�C�h�e�m�i�c�a�l� �s�t�r�u�c�t�u�r�e� 

�P�u�r�i�f�i�c�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� 

�a� 
�A�n�i�l�i�n�e� �w�a�s� �d�r�i�e�d� �f�o�r� �a�t� �l�e�a�s�t� �1�2� �h�o�u�r�s� �b�y� �s�t�i�r�r�i�n�g� �o�v�e�r� 

�A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�.� 

�C�6�H�7�N� 

�9�3�.�1�3� 

�1�8�4�/�7�6�0� 

�-�6� 

�N�H�,� 

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

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

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

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

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

�3�.�2�.�6� �B�i�s�(�3�-�a�m�i�n�o�p�h�e�n�o�x�y�-�4�'�-�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� �[�m�-�B�A�P�P�O�]� 

�M�o�l�e�c�u�l�a�r� �f�o�r�m�u�l�a� 

�M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �g�/�m�o�l� 

�M�e�l�t�i�n�g� �p�o�i�n�t�,� �°�C� 

�E�X�P�E�R�I�M�E�N�T�A�L� 

�C�3�0�H�2�5�N�2�0�3� 
�4�6�1�.�5�4� 

�7�2�~�7�4� 

�7�5



�C�h�e�m�i�c�a�l� �s�t�r�u�c�t�u�r�e� 

�P�r� �O�R�O ��,� 
�P�u�r�i�f�i�c�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� �T�h�i�s� �n�o�v�e�l� �m�o�n�o�m�e�r� �h�a�s� �b�e�e�n� �e�a�r�l�i�e�r� �s�y�n�t�h�e�s�i�z�e�d� �i�n� �o�u�r� 

�l�a�b�o�r�a�t�o�r�i�e�s� �(�1�6�5�)�,� �P�u�r�i�f�i�c�a�t�i�o�n� �w�a�s� �d�o�n�e� �b�y� �s�u�c�c�e�s�s�i�v�e� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n�s� �f�r�o�m� �D�M�A�C� �a�n�d� 

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

�3�.�2�.�7�.� �T�r�i�m�e�l�l�i�t�i�c� �a�n�h�y�d�r�i�d�e� �a�c�i�d� �c�h�l�o�r�i�d�e� �[�T�M�A�C�]� 

�S�u�p�p�l�i�e�r�s� �:� �A�m�o�c�o� �C�h�e�m�i�c�a�l� �C�o�.� 

�M�o�l�e�c�u�l�a�r� �f�o�r�m�u�l�a� �:� �C�o�H�3�0�4�C�l� 

�M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �g�/�m�o�l�:� �2�1�0�.�5�7� 

�B�o�i�l�i�n�g� �p�o�i�n�t�,� �°�C�/�m�m�.� �H�g� �:� �1�0�6�~�1�0�8�/�1�5�0� 

�M�e�l�t�i�n�g� �p�o�i�n�t�,� �°�C� �:� �6�6�~�6�8� 

�C�h�e�m�i�c�a�l� �s�t�r�u�c�t�u�r�e� 

�P�u�r�i�f�i�c�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� �P�u�r�i�f�i�c�a�t�i�o�n� �o�f� �T�M�A�C� �b�y� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �d�o�e�s� �n�o�t� �g�i�v�e� �t�h�e� 

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

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

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

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

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

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

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

�p�r�e�s�s�u�r�e� �o�f� �A�r�g�o�n�.� �T�h�r�o�u�g�h� �t�h�e� �f�e�e�d� �p�o�r�t�,� �t�h�e� �c�r�u�d�e� �T�M�A�C� �w�a�s� �c�h�a�r�g�e�d� �a�n�d� �t�h�e� �p�o�r�t� 

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

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

�p�r�o�c�e�e�d�e�d� �t�o� �m�e�l�t� �a�t� �a�b�o�u�t� �6�6�°�C� �a�n�d�,� �u�n�d�e�r� �a� �v�a�c�u�u�m� �o�f� �a�b�o�u�t� �1�0�0� �m�i�l�l�i�-�t�o�r�r�,� 

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

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

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

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

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

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

�d�e�s�i�r�e�d� �q�u�a�n�t�i�t�y� �o�f� �T�M�A�C� �w�a�s� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� �f�l�a�s�k� �b�y� �m�e�a�n�s� �o�f� �a� �s�y�r�i�n�g�e� �i�n� �o�r�d�e�r� �t�o� 

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

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

�3�.�2�.�8�.� �P�h�t�h�a�l�i�c� �a�n�h�y�d�r�i�d�e� �[�P�A�]� 

�S�u�p�p�l�i�e�r�s� �:� �A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�.� 

�M�o�l�e�c�u�l�a�r� �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�,� �g�/�m�o�l�:� �1�4�8�.�1�2� 

�E�X�P�E�R�I�M�E�N�T�A�L� �7�7



�B�o�i�l�i�n�g� �p�o�i�n�t�,� �°�C�/�m�m�.� �H�g� �:� �2�8�4�/�7�6�0� 

�M�e�l�t�i�n�g� �p�o�i�n�t�,� �°�C� �:� �1�3�1�~�1�3�4� 

�C�h�e�m�i�c�a�l� �s�t�r�u�c�t�u�r�e� 

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

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

�m�a�i�n�t�a�i�n�e�d� �a�t� �a�b�o�u�t� �1�3�0�°�C�.� �T�h�e� �s�u�b�l�i�m�a�t�e� �w�a�s� �s�t�o�r�e�d� �i�n� �t�h�e� �d�e�s�s�i�c�a�t�o�r� �i�n� �a� �n�i�t�r�o�g�e�n� 

�a�t�m�o�s�p�h�e�r�e�.� 

�3�.�2�.�9�.� �t�-�B�u�t�y�l� �p�h�t�h�a�l�i�c� �a�n�h�y�d�r�i�d�e� �[�t�B�P�A�]� 

�S�u�p�p�l�i�e�r�s� �:� �T�C�I� �A�m�e�r�i�c�a�n� �C�o�.� 

�M�o�l�e�c�u�l�a�r� �f�o�r�m�u�l�a� �:� �C�1�2�H�1�2�0�3� 

�M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �g�/�m�o�l� �:� �2�0�4�.�2�3� 

�M�e�l�t�i�n�g� �p�o�i�n�t�,� �°�C� �:� �7�8� 

�C�h�e�m�i�c�a�l� �s�t�r�u�c�t�u�r�e� 

�E�X�P�E�R�I�M�E�N�T�A�L� �7�8



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

�v�a�c�u�u�m� �s�u�b�l�i�m�a�t�i�o�n� �a�t� �a�b�o�u�t� �9�0�°�C� �a�n�d� �s�t�o�r�e�d� �i�n� �a� �d�e�s�s�i�c�a�t�o�r� �m�a�i�n�t�a�i�n�e�d� �u�n�d�e�r� �a� �n�i�t�r�o�g�e�n� 

�a�t�m�o�s�p�h�e�r�e�.� 

�3�.�2�.�1�0�.� �1�,�2�,�4�-�B�e�n�z�e�n�e�t�r�i�c�a�r�b�o�x�y�l�i�c� �a�n�h�y�d�r�i�d�e� �[�B�C�A�]� 

�S�u�p�p�l�i�e�r�s� 

�M�o�l�e�c�u�l�a�r� �f�o�r�m�u�l�a� 

�M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �g�/�m�o�l� 

�M�e�l�t�i�n�g� �p�o�i�n�t�,� �°�C� 

�C�h�e�m�i�c�a�l� �s�t�r�u�c�t�u�r�e� 

�P�u�r�i�f�i�c�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� 

�A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�.� 

�C�o�H�4�0�5� 
�1�9�2�.�1�3� 

�1�6�5�~�1�6�9� 

�A�s� �B�C�A� �w�a�s� �u�s�e�d� �i�n� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �m�o�n�o�m�e�r�i�c� �p�r�e�c�u�r�s�o�r�s�,� 

�i�t� �w�a�s� �u�s�e�d� �a�s� �r�e�c�e�i�v�e�d� �a�f�t�e�r� �v�a�c�u�u�m� �d�r�y�i�n�g�.� 

�3�.�2�.�1�1�.� �B�e�n�z�o�i�c� �a�c�i�d� 

�S�u�p�p�l�i�e�r�s� 

�M�o�l�e�c�u�l�a�r� �f�o�r�m�u�l�a� 

�M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �g�/�m�o�l� 

�B�o�i�l�i�n�g� �p�o�i�n�t�,� �°�C�/�m�m�.� �H�g� �:� 

�M�e�l�t�i�n�g� �p�o�i�n�t�,� �°�C� 

�C�h�e�m�i�c�a�l� �s�t�r�u�c�t�u�r�e� 

�E�X�P�E�R�I�M�E�N�T�A�L� 

�A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�.� 

�C�7�H�6�0�2� 
�1�2�2�.�1�2� 

�2�4�9�/�7�6�0� 

�1�2�2�~�1�2�3� 

�C�O�O�H� 

�O� 

�7�9



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

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

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

�3�.�2�.�1�2�.� �4�-�t�-� �B�u�t�y�l� �b�e�n�z�o�i�c� �a�c�i�d� �[�T�B�A�]� 

�S�u�p�p�l�i�e�r�s� �:� �A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�.� 

�M�o�l�e�c�u�l�a�r� �f�o�r�m�u�l�a� �:� �C�1�1�H�1�4�0�2� 

�M�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �g�/�m�o�l� �:� �1�7�8�.�2�3� 

�M�e�l�t�i�n�g� �p�o�i�n�t�,� �°�C� �:� �1�6�5�~�1�6�7� 

�C�h�e�m�i�c�a�l� �s�t�r�u�c�t�u�r�e� 

�+�/ ��)�-�c�o�o�n� 

�P�u�r�i�f�i�c�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� �A�s� �i�n� �t�h�e� �c�a�s�e� �o�f� �b�e�n�z�o�i�c� �a�c�i�d�,� �T�B�A� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� 

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

�i�n� �a� �d�e�s�s�i�c�a�t�o�r�.� 

�3�.�3�.� �S�y�n�t�h�e�s�i�s� �a�n�d� �p�u�r�i�f�i�c�a�t�i�o�n� �o�f� �m�o�n�o�m�e�r�i�c� �p�r�e�c�u�r�s�o�r�s� 

�3�.�3�.�1�.� �S�y�n�t�h�e�s�i�s� �a�n�d� �p�u�r�i�f�i�c�a�t�i�o�n� �o�f� �b�i�s�(�N�,�N�-�t�r�i�m�e�l�l�i�t�o�y�l�)�-�4�,�4�'�-�o�x�y�d�i�a�n�i�l�i�n�e� 

�[�B�T�M�-�O�D�A�]� 

�T�h�e� �b�i�s�(�t�r�i�m�e�l�l�i�t�i�m�i�d�e�)� �o�f� �O�D�A� �w�a�s� �s�y�n�t�h�e�s�i�z�e�d� �b�y� �t�h�e� �c�o�n�d�e�n�s�a�t�i�o�n� �o�f� �B�C�A� 

�w�i�t�h� �O�D�A� �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�.� �D�r�y� �N�M�P� �(�1�5�0� �m�l�.�)� �w�a�s� �c�h�a�r�g�e�d� �i�n�t�o� �a� �f�o�u�r�-� 

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

�t�h�e�r�m�o�m�e�t�e�r� �a�n�d� �a� �d�r�y�i�n�g� �t�u�b�e�.� �O�D�A� �(�0�.�0�5� �m�o�l�.�)� �w�a�s� �t�h�e�n� �i�n�t�r�o�d�u�c�e�d� �i�n�t�o� �t�h�e� �r�e�a�c�t�i�o�n� 

�E�X�P�E�R�I�M�E�N�T�A�L� �8�0



�v�e�s�s�e�l� �a�l�o�n�g� �w�i�t�h� �B�C�A� �(�0�.�1� �m�o�l�.�)�.� �A�f�t�e�r� �c�o�m�p�l�e�t�e� �d�i�s�s�o�l�u�t�i�o�n� �o�f� �t�h�e� �r�e�a�c�t�a�n�t�s�,� �t�h�e� 

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

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

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

�(�N�M�P�:�D�C�B� �=� �8�0�:�2�0�)�.� �A� �r�e�f�l�u�x� �c�o�n�d�e�n�s�e�r� �c�o�n�n�e�c�t�e�d� �t�o� �a�n� �I�n�v�e�r�s�e� �D�e�a�n�-�S�t�a�r�k� �t�r�a�p� �w�a�s� 

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

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

�o�i�l� �b�a�t�h�.� �A� �s�t�e�a�d�y� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �1�6�5�°�C� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �i�m�i�d�i�z�a�t�i�o�n� 

�p�r�o�c�e�s�s�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �D�C�B� �f�u�n�c�t�i�o�n�s� �t�o� �a�z�e�o�t�r�o�p�e� �o�f�f� �t�h�e� �w�a�t�e�r� �o�f� �i�m�i�d�i�z�a�t�i�o�n� 

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

�p�r�o�c�e�e�d� �f�o�r� �2�4� �h�o�u�r�s� �t�o� �e�n�s�u�r�e� �c�o�m�p�l�e�t�i�o�n� �o�f� �i�m�i�d�i�z�a�t�i�o�n�.� �U�p�o�n� �c�o�o�l�i�n�g�,� �t�h�e� �r�e�a�c�t�i�o�n� 

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

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

�a�n�d� �p�u�r�i�f�i�e�d� �b�y� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �f�r�o�m� �a� �s�a�t�u�r�a�t�e�d� �s�o�l�u�t�i�o�n� �i�n� �D�M�A�C�.� �A�f�t�e�r� �i�s�o�l�a�t�i�o�n� �b�y� 

�f�i�l�t�r�a�t�i�o�n�,� �t�h�e� �p�u�r�i�f�i�e�d� �p�r�o�d�u�c�t� �w�a�s� �d�r�i�e�d� �a�t� �a�b�o�u�t� �1�2�0�°�C� �u�n�d�e�r� �v�a�c�u�u�n� �i�n� �a�n� �o�v�e�n�.� �T�h�e� 

�m�e�l�t�i�n�g� �p�o�i�n�t� �o�f� �t�h�e� �p�r�o�d�u�c�t� �(�3�7�6�~�3�7�8�°�C�)� �a�g�r�e�e�d� �w�e�l�l� �w�i�t�h� �t�h�e� �l�i�t�e�r�a�t�u�r�e� �v�a�l�u�e� �o�f� �3�7�8�°�C�.� 

�O�t�h�e�r� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e�s� �i�n�c�l�u�d�e� �F�T�I�R� �a�n�d� �N�M�R� �s�p�e�c�t�r�o�s�c�o�p�y�.� �T�h�e� �p�r�o�d�u�c�t�,� �a�n� 

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

�d�e�s�c�r�i�b�e�d� �i�n� �S�c�h�e�m�e� �3�.�1�.� 
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�E�X�P�E�R�I�M�E�N�T�A�L� �8�2



�3�.�3�.�2� �S�y�n�t�h�e�s�i�s� �a�n�d� �p�u�r�i�f�i�c�a�t�i�o�n� �o�f� �b�i�s�[�(�N�,�N�-�t�r�i�m�e�l�l�i�t�o�y�l�)�-�b�i�s� �(�3�-�a�m�i�n�o�p�h�e�n�o�x�y� 

�-�4�'�-�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�T�M�-�B�A�P�P�O�]� 

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

�o�f� �B�T�M�-�O�D�A�.� �H�o�w�e�v�e�r�,� �i�n� �t�h�i�s� �c�a�s�e�,� �w�o�r�k�-�u�p� �o�f� �t�h�e� �s�y�n�t�h�e�s�i�z�e�d� �p�r�o�d�u�c�t� �p�r�o�v�e�d� �t�o� �b�e� 

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

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

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

�a�b�o�u�t� �1�2�0�°�C� �u�n�d�e�r� �v�a�c�u�u�m�.� �T�h�e� �c�o�n�c�e�n�t�r�a�t�e�d� �s�o�l�u�t�i�o�n� �w�a�s� �t�h�e�n� �r�u�n� �i�n�t�o� �m�e�t�h�a�n�o�l�.� �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� �d�r�i�e�d� �u�n�d�e�r� �v�a�c�u�u�m� �i�n� �a�n� �o�v�e�n�.� �T�h�e� �s�y�n�t�h�e�s�i�s� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� 

�S�c�h�e�m�e� �3�.�2�.� 

�3�.�3�.�3�.� �S�y�n�t�h�e�s�i�s� �a�n�d� �p�u�r�i�f�i�c�a�t�i�o�n� �o�f� �M�o�n�o�e�t�h�y�]� �t�r�i�m�e�l�l�i�t�a�t�e� �[�M�E�T�M�]� 

�C�h�e�m�i�c�a�l� �S�t�r�r�u�c�t�u�r�e�:� 

�H�O�O�C� �C�O�O�C�.�H�s� 

�C�O�O�H� 

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

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

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

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

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

�o�f� �t�h�e� �t�h�r�e�e� �p�o�s�s�i�b�l�e� �s�i�t�e�s�.� �T�h�e� �s�y�s�t�e�m� �w�a�s� �t�h�e�n� �c�o�o�l�e�d� �t�o� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �a�n�d� 
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�S�c�h�e�m�e� �3�.�2� �-� �S�y�n�t�h�e�s�i�s� �o�f� �B�i�s�[�9�N�,�N�-� �t�r�i�m�e�l�l�i�t�o�y�l�)� �-� �b�i�s�(�3�-� �a�m�i�n�o�p�h�e�n�o�x�y�-�4�'�-�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�]� �[�B�T�M�-�B�A�P�P�O�]� 
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�s�u�b�j�e�c�t�e�d� �t�o� �r�o�t�o�-�e�v�a�p�o�r�a�t�i�o�n� �t�o� �s�t�r�i�p� �o�f�f� �t�h�e� �u�n�r�e�a�c�t�e�d� �e�t�h�a�n�o�l� �a�n�d� �e�x�c�e�s�s� �p�y�r�i�d�i�n�e�.� �T�h�e� 

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

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

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

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

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

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

�y�e�l�l�o�w�i�s�h� �t�i�n�g�e�,� �w�a�s� �t�h�e�n� �d�r�i�e�d� �u�n�d�e�r� �v�a�c�u�u�m� �a�t� �a�b�o�u�t� �5�0�°�C� �i�n� �a�n� �o�v�e�n� �a�n�d� �s�t�o�r�e�d� �i�n� �a� 

�d�e�s�s�i�c�a�t�o�r� �t�i�l�l� �u�s�e�.� 

�3�.�3�.�4�,� �S�y�n�t�h�e�s�i�s� �a�n�d� �p�u�r�i�f�i�c�a�t�i�o�n� �o�f� �a�c�e�t�y�l� �d�e�r�i�v�a�t�i�v�e� �o�f� �a�r�o�m�a�t�i�c� �a�m�i�n�e�s� 

�0�.�0�5� �m�o�l�s�.� �o�f� �t�h�e� �a�r�o�m�a�t�i�c� �a�m�i�n�e� �(�O�D�A� �o�r� �D�D�S�)� �w�a�s� �s�t�i�r�r�e�d� �i�n� �a�b�o�u�t� �2�0�0� �m�l�.� 

�d�i�s�t�i�l�l�e�d� �w�a�t�e�r� �i�n� �a� �5�0�0� �m�l�.� �E�r�l�e�n�m�e�y�e�r� �f�l�a�s�k�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �s�t�i�r�r�e�d� �a�t� �6�0�°�C� �a�n�d� �a�n� 

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

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

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

�w�a�t�e�r� �a�n�d� �d�r�i�e�d� �s�u�b�s�e�q�u�e�n�t�l�y� �u�n�d�e�r� �v�a�c�u�u�m� �t�o� �y�i�e�l�d� �e�i�t�h�e�r� �4�,�4�'�-�o�x�y�d�i�a�c�e�t�a�n�i�l�i�d�e� �[�O�D�A�A�]� 

�o�r� �3�,�3�'�-�d�i�a�c�e�t�a�n�i�l�i�d�o�d�i�p�h�e�n�y�l� �s�u�l�f�o�n�e� �[�D�A�D�S�]�.� �T�h�e� �p�r�o�d�u�c�t� �w�a�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �i�t�s� 

�m�e�l�t�i�n�g� �p�o�i�n�t� �a�n�d� �b�y� �F�T�I�R� �a�n�d� �N�M�R� �s�p�e�c�t�r�o�s�c�o�p�y�.� �T�h�e� �s�y�n�t�h�e�s�i�s� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� 

�S�c�h�e�m�e� �3�.�3�.� 
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�C�o�C� 
�A�c�,�O�/�H�O�A�c� 

�6�0�°�C� 
�2�h�.� 

�H�,�C �� �C�-� �b�w� �C�)�-� �o�n�i�!� �C�-�C�H�,� 

�(�O�D�A�A�)� 

�S�c�h�e�m�e� �3�.�3�(�a�)� �-� �S�y�n�t�h�e�s�i�s� �o�f� �a�c�e�t�y�l�a�t�e�d� �4�,�4 ��-� �o�x�y�d�i�a�n�i�l�i�n�e� �[�O�D�A�A�]� 

�H�,�N� �O� �N�H�,� 
�|� 

 ��S�s� 
�|� 

�O� 

�A�c�,�0�O�/�H�O�A�c� 

�6�0�°�C� 
�2�h�.� 

�H�,�C �� �C�-� �H�N� �,� �N�H ��-� �C�-� �C�H�,� 

�(�D�A�D�S�)� 

�S�c�h�e�m�e� �3�.�3�(�b�)� �-� �S�y�n�t�h�e�s�i�s� �o�f� �a�c�e�t�y�l�a�t�e�d� �3�,�3 ��-� �d�i�a�m�i�n�o� �d�i�p�h�e�n�y�!� �s�u�l�f�o�n�e� �[�D�A�D�S�]� 
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�3�.�4� �S�y�n�t�h�e�s�i�s� �o�f� �P�o�l�y�m�e�r�s� 

�3�.�4�.�1�.� �P�o�l�y�m�e�r�i�z�a�t�i�o�n� �v�i�a� �A�c�i�d� �C�h�l�o�r�i�d�e� �A�n�h�y�d�r�i�d�e�s� �a�n�d� �A�r�y�l� �D�i�a�m�i�n�e�s� 

�T�M�A�C� �w�a�s� �c�h�a�r�g�e�d� �w�i�t�h� �t�h�e� �u�s�e� �o�f� �a� �s�y�r�i�n�g�e� �i�n�t�o� �a� �t�a�r�e�d�,� �f�l�a�m�e� �d�r�i�e�d� �4�-�n�e�c�k�e�d� 

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

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

�T�M�A�C� �c�h�a�r�g�e�d�.�T�h�e� �T�M�A�C� �w�a�s� �t�h�e�n� �d�i�s�s�o�l�v�e�d� �i�n� �d�r�y� �N�M�P� �w�h�i�c�h� �w�a�s� �i�n�t�r�o�d�u�c�e�d� �b�y� 

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

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

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

�a�m�o�u�n�t� �o�f� �m�o�n�o�f�u�n�c�t�i�o�n�a�l� �e�n�d�-�c�a�p�p�e�r�,� �[�P�A� �o�r� �T�B�P�A�]�,� �w�a�s� �t�h�e�n� �a�d�d�e�d� �(� �i�f� �u�s�e�d� �f�o�r� 

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �c�o�n�t�r�o�l� �)�.� �T�h�i�s� �m�i�x�t�u�r�e� �w�a�s� �s�t�i�r�r�e�d� �u�n�t�i�l� �c�o�m�p�l�e�t�e� �d�i�s�s�o�l�u�t�i�o�n� �i�n� �N�M�P�.� 

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

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

�r�e�a�c�t�i�o�n� �s�y�s�t�e�m� �t�e�m�p�e�r�a�t�u�r�e� �b�y� �m�o�r�e� �t�h�a�n� �5�°�C�.� �A�t� �a�l�l� �t�i�m�e�s�,� �i�t� �w�a�s� �e�n�s�u�r�e�d� �t�h�a�t� �a� �d�r�y�i�n�g� 

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

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

�a�c�i�d� �s�c�a�v�e�n�g�e�r�,� �s�u�c�h� �a�s� �t�r�i�e�t�h�y�l� �a�m�i�n�e� �[�T�E�A�]� �w�a�s� �t�h�e�n� �c�h�a�r�g�e�d� �i�n�t�o� �t�h�e� �r�e�a�c�t�i�o�n� �a�n�d� �t�h�e� 

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

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

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

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

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

�a�s�c�e�r�t�a�i�n� �w�h�e�t�h�e�r� �t�h�e� �a�c�i�d� �s�c�a�v�e�n�g�e�r� �h�a�s� �a� �r�o�l�e� �t�o� �p�l�a�y� �i�n� �t�h�e� �p�o�l�y�m�e�r� �s�y�n�t�h�e�s�i�s�.� �T�h�e� 
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�p�o�l�y�(�a�m�i�d�e�-�a�m�i�c� �a�c�i�d�)� �w�a�s� �c�h�a�r�g�e�d� �i�n�t�o� �a� �r�e�a�c�t�i�o�n� �a�s�s�e�m�b�l�y� �f�i�t�t�e�d� �w�i�t�h� �a�n� �I�n�v�e�r�s�e� �D�e�a�n� 

�S�t�a�r�k� �t�r�a�p�.� �D�C�B� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �s�u�c�h� �t�h�a�t� �n�o�w� �t�h�e� �N�M�P�/�D�C�B� 

�c�o�m�p�o�s�i�t�i�o�n� �w�a�s� �8�0�:�2�0� �(�v�/�v�)�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �r�a�i�s�e�d� �t�o� �1�8�0�-�1�8�5�°�C� �a�n�d� �m�a�i�n�t�a�i�n�e�d� 

�f�o�r� �2�2� �h�o�u�r�s� �t�o� �e�n�s�u�r�e� �c�o�m�p�l�e�t�e� �i�m�i�d�i�z�a�t�i�o�n�.� �D�C�B� �s�e�r�v�e�d� �a�s� �a�n� �a�z�e�o�t�r�o�p�i�n�g� �s�o�l�v�e�n�t� �t�h�a�t� 

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

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

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

�c�o�n�t�a�i�n�i�n�g� �5�-�1�0� �f�o�l�d� �e�x�c�e�s�s� �m�e�t�h�a�n�o�l� �a�n�d� �t�h�e� �p�r�o�d�u�c�t� �w�a�s� �f�i�l�t�e�r�e�d�,� �d�r�i�e�d�,� �r�e�d�i�s�s�o�l�v�e�d�,� 

�r�e�c�o�a�g�u�l�a�t�e�d� �a�n�d� �v�a�c�u�u�m� �d�r�i�e�d� �a�t� �a�b�o�u�t� �2�0�0�°�C�.� �T�h�e� �r�e�a�c�t�i�o�n� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� 

�c�o�n�t�r�o�l�l�e�d� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �O�D�A�-�b�a�s�e�d� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)� �h�a�s� �b�e�e�n� �s�u�m�m�a�r�i�z�e�d� �b�e�l�o�w� 

�i�n� �S�c�h�e�m�e� �3�.�4�.� 

�3�.�4�.�2�.� �P�o�l�y�m�e�r�i�z�a�t�i�o�n� �b�y� �c�a�t�a�l�y�t�i�c� �a�m�i�d�a�t�i�o�n� 

�L�i�B�r� �(�1�.�6� �g�.�)� �w�a�s� �c�h�a�r�g�e�d� �i�n�t�o� �a� �f�o�u�r�-�n�e�c�k�e�d� �r�e�a�c�t�i�o�n� �f�l�a�s�k� �t�h�a�t� �w�a�s� �f�i�t�t�e�d� �w�i�t�h� �a� 

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

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

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

�n�a�t�u�r�e� �o�f� �L�i�B�r�.� �A�f�t�e�r� �c�o�o�l�i�n�g�,� �0�.�0�1� �m�o�l�s�.� �o�f� �B�T�M�-�O�D�A� �w�a�s� �c�h�a�r�g�e�d� �i�n�t�o� �t�h�e� �r�e�a�c�t�i�o�n� 

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

�u�n�c�o�n�t�r�o�l�l�e�d� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �s�y�s�t�e�m�s�,� �#� �m�o�l�s�.� �B�T�M�-�O�D�A� �:� �#� �m�o�l�s�.� �O�D�A� �=� �1�:�1�)�.� 

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

�d�i�s�s�o�l�v�e�d� �i�n� �d�r�y�,� �p�u�r�i�f�i�e�d� �N�M�P� �s�o� �a�s� �t�o� �e�f�f�e�c�t� �3�0� �w�t�.� �%� �s�o�l�i�d�s�.� �I�t� �w�a�s� �o�b�s�e�r�v�e�d� �t�h�a�t� 

�B�T�M�-�O�D�A� �s�h�o�w�s� �r�e�l�a�t�i�v�e�l�y� �p�o�o�r� �s�o�l�u�b�i�l�i�t�y� �i�n� �N�M�P� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�.� �0�.�0�2� �m�o�l�s�.� 
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�O� �O� �w�e�r� �:� �J� �Z�e� �T�g� �m�t� �O�p�e� �O�o� �2�D�"� 
�l� �C�c� �6� �O� 

�A�m�i�d�a�t�i�o�n�,� �-�1�0�°�C� �t�o� �r�o�o�m� �t�e�m�p�.�,� �1� �h�.� 

�A�m�i�c� �a�c�i�d� �f�o�r�m�a�t�i�o�n�,� �r�o�o�m� �t�e�m�p�.�,� �8� �h�.� 

�S�o�l�u�t�i�o�n� �i�m�i�d�i�z�a�t�i�o�n�,� �1�8�0� �°�C�,� �2�2�h�.� 

 ��o�O� �o�o�d� �O�r� �o�m� 

�R�=�H�,� �¢�-�b�u�t�y�l� 

�S�c�h�e�m�e� �3�.�4� �-� �R�e�a�c�t�i�o�n� �S�c�h�e�m�e� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �c�o�n�t�r�o�l�l�e�d� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� 

�p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �u�s�i�n�g� �t�h�e� �s�o�l�u�t�i�o�n� �i�m�i�d�i�z�a�t�i�o�n� �t�e�c�h�n�i�q�u�e� �[�"�A�c�i�d� �C�h�l�o�r�i�d�e� �R�o�u�t�e�"�]� 
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�t�r�i�p�h�e�n�y�l� �p�h�o�s�p�h�i�t�e� �a�l�o�n�g� �w�i�t�h� �0�.�0�2� �m�o�l�s�.� �p�y�r�i�d�i�n�e� �w�a�s� �n�o�w� �i�n�t�r�o�d�u�c�e�d� �i�n�t�o� �t�h�e� �s�y�s�t�e�m�.� 

�T�h�e� �e�n�t�i�r�e� �a�s�s�e�n�b�l�y� �w�a�s� �n�o�w� �i�m�m�e�r�s�e�d� �i�n� �a�n� �o�i�l� �b�a�t�h� �t�h�a�t� �w�a�s� �h�e�a�t�e�d� �t�o� �a�b�o�u�t� �1�1�5�°�C�.� �A�s� 

�t�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �t�e�m�p�e�r�a�t�u�r�e� �c�o�m�m�e�n�c�e�d� �t�o� �r�i�s�e�,� �g�r�a�d�u�a�l� �d�i�s�s�o�l�u�t�i�o�n� �o�f� �t�h�e� �B�T�M�-� 

�Q�D�A� �w�a�s� �o�b�s�e�r�v�e�d�.� �T�h�e� �r�e�a�c�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �a�l�l�o�w�e�d� �t�o� �s�t�a�b�i�l�i�z�e� �a�t� �a�b�o�u�t� �1�0�0�°�C� 

�a�n�d� �h�e�l�d� �t�h�e�r�e� �d�u�r�i�n�g� �t�h�e� �e�n�t�i�r�e� �t�i�m�e� �o�f� �t�h�e� �r�e�a�c�t�i�o�n�.� �A�f�t�e�r� �a�b�o�u�t� �1� �1�/�2� �h�o�u�r�s�,� �t�h�e� 

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

�p�o�l�y�m�e�r� �s�o�l�u�t�i�o�n�s� �s�h�o�w�e�d� �v�e�r�y� �h�i�g�h� �v�i�s�c�o�s�i�t�i�e�s� �a�t� �t�h�e� �e�n�d� �o�f� �3� �h�o�u�r�s�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� 

�t�y�p�i�c�a�l� �r�e�a�c�t�i�o�n� �t�i�m�e�s� �w�e�r�e� �s�t�a�n�d�a�r�d�i�z�e�d� �a�t� �3� �h�o�u�r�s� �f�o�r� �a�l�l� �s�y�s�t�e�m�s�.� �O�n�c�e� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� 

�s�t�o�p�p�e�d�,� �t�h�e� �p�o�l�y�m�e�r� �s�o�l�u�t�i�o�n� �,� �a�f�t�e�r� �c�o�o�l�i�n�g�,� �w�a�s� �r�u�n� �i�n�t�o� �a� �5�-�1�0� �f�o�l�d� �e�x�c�e�s�s� �o�f� 

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

�p�r�e�c�i�p�i�t�a�t�e�d� �o�u�t� �,� �w�h�i�c�h� �w�a�s� �f�i�l�t�e�r�e�d�,� �d�r�i�e�d� �a�n�d� �r�e�d�i�s�s�o�l�v�e�d� �i�n� �D�M�A�C�.� �T�h�e� �e�n�t�i�r�e� 

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

�o�v�e�n� �a�t� �1�7�5�°�C� �a�n�d� �s�e�t� �a�s�i�d�e� �f�o�r� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n�.� �T�h�e� �r�e�a�c�t�i�o�n� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� 

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

�d�e�s�c�r�i�b�e�d� �i�n� �S�c�h�e�m�e� �3�.�5� �.� 

�3�.�4�.�3�.� �P�o�l�y�m�e�r�i�z�a�t�i�o�n� �b�y� �i�m�i�d�i�z�a�t�i�o�n� �o�f� �m�o�n�o�e�t�h�y�l� �t�r�i�m�e�l�l�i�t�a�t�e� 

�M�E�T�M� �(�0�.�0�1� �m�o�l�s�.�)� �w�a�s� �c�h�a�r�g�e�d� �i�n�t�o� �a� �f�o�u�r�-�n�e�c�k�e�d� �r�e�a�c�t�i�o�n� �f�l�a�s�k� �t�h�a�t� �h�a�d� 

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

�s�t�i�r�r�e�r�,� �t�h�e�r�m�o�m�e�t�e�r� �a�n�d� �a� �r�e�f�l�u�x� �w�a�t�e�r� �c�o�n�d�e�n�s�e�r�.� �D�r�y�,� �p�u�r�i�f�i�e�d� �N�M�P� �w�a�s� �n�o�w� 

�i�n�t�r�o�d�u�c�e�d� �i�n�t�o� �t�h�e� �f�l�a�s�k� �a�l�o�n�g� �w�i�t�h� �t�h�e� �r�e�q�u�i�r�e�d� �s�t�o�i�c�h�i�o�m�e�t�r�i�c� �a�m�o�u�n�t� �o�f� �O�D�A�.� �0�.�0�3� 

�m�o�l�s�.� �o�f� �t�r�i�p�h�e�n�y�l� �p�h�o�s�p�h�i�t�e� �a�n�d� �0�.�0�3� �m�o�l�s�.� �o�f� �p�y�r�i�d�i�n�e� �w�e�r�e� �t�h�e�n� �c�h�a�r�g�e�d� �i�n�t�o� �t�h�e� 

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

�t�e�m�p�e�r�a�t�u�r�e� �o�f� �t�h�e� �r�e�a�c�t�i�o�n� �r�a�i�s�e�d� �s�u�c�h� �t�h�a�t� �i�t� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �a�t� �1�0�0�°�C�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� 
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�a�l�l�o�w�e�d� �t�o� �p�r�o�c�e�e�d� �f�o�r� �8� �h�o�u�r�s� �a�n�d� �t�h�e�n� �s�t�o�p�p�e�d�.� �A�t� �t�h�i�s� �s�t�a�g�e�,� �t�h�e� �v�i�s�c�o�s�i�t�y� �o�f� �t�h�e� 

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

�s�o�l�u�t�i�o�n� �w�a�s� �t�h�e�n� �r�u�n� �i�n�t�o� �a� �5�-�1�0� �f�o�l�d� �e�x�c�e�s�s� �o�f� �m�e�t�h�a�n�o�l� �a�g�i�t�a�t�e�d� �i�n� �a� �h�i�g�h� �s�p�e�e�d� 

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

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

�d�r�i�e�d� �i�n� �a� �v�a�c�u�u�m� �o�v�e�n� �a�t� �1�7�5�°�C�.� �T�h�e� �r�e�a�c�t�i�o�n� �i�s� �d�e�s�c�r�i�b�e�d� �i�n� �S�c�h�e�m�e� �3�.�6�.� 

�3�.�4�.�4�.� �P�o�l�y�m�e�r�i�z�a�t�i�o�n� �b�y� �a�m�i�d�o�l�y�s�i�s� 

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

�3�.�4�.�4�.�1�.� �|� �A�m�i�d�o�l�y�s�i�s� �i�n� �N�M�P� �s�o�l�u�t�i�o�n�s�:� 

�O�D�A�A� �(�0�.�0�1� �m�o�l�s�.�)� �w�a�s� �d�i�s�s�o�l�v�e�d� �a�l�o�n�g� �w�i�t�h� �0�.�0�1� �m�o�l�s�.� �B�T�M�-�O�D�A� �i�n� 

�s�u�f�f�i�c�i�e�n�t� �N�M�P� �t�o� �m�a�k�e� �u�p� �s�o�l�u�t�i�o�n� �c�o�n�t�a�i�n�i�n�g� �1�5� �w�t�.� �%� �s�o�l�i�d�s� �i�n� �a� �f�o�u�r�-�n�e�c�k�e�d� �r�e�a�c�t�i�o�n� 

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

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

�h�e�a�t�i�n�g� �o�i�l� �b�a�t�h� �t�o� �2�0�0�°�C� �a�n�d� �h�e�l�d� �u�p�t�o� �a� �m�a�x�i�m�u�m� �o�f� �4�8� �h�o�u�r�s�.� �T�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �t�h�e�n� 

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

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

�c�h�a�r�a�c�t�e�r�i�z�e�d�.� 

�3�.�4�.�4�.�2�.� �A�m�i�d�o�l�y�s�i�s� �i�n� �d�i�p�h�e�n�y�l� �s�u�l�f�o�n�e� �s�o�l�u�t�i�o�n�s� 

�T�h�e� �p�r�o�c�e�d�u�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �S�e�c�t�i�o�n� �§� �3�.�4�.�4�.�1�.� �w�a�s� �r�e�p�e�a�t�e�d� �t�o� �s�y�n�t�h�e�s�i�z�e� 

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

�t�h�e� �r�e�a�c�t�i�o�n� �s�y�s�t�e�m� �w�a�s� �t�a�k�e�n� �t�o� �t�h�e� �m�u�c�h� �h�i�g�h�e�r� �3�2�5�°�C� �f�o�r� �2�4� �h�o�u�r�s�.� �A�t� �t�h�e� �e�n�d� �o�f� �t�h�e� 
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�r�e�a�c�t�i�o�n�,� �t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �c�o�o�l�e�d� �t�o� �a�b�o�u�t� �1�3�0�°�C� �a�n�d� �p�o�u�r�e�d� �o�u�t� �i�n�t�o� �a� �c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� 

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

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

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

�3�.�4�.�4�.�3�.� �M�e�l�t� �a�m�i�d�o�l�y�s�i�s� �i�n� �b�u�l�k� 

�R�e�a�c�t�i�o�n�s� �w�e�r�e� �c�a�r�r�i�e�d� �o�u�t� �a�t� �v�a�r�i�o�u�s� �t�e�m�p�e�r�a�t�u�r�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �2�5�0�~�3�5�0�°�C� �a�n�d� 

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

�b�o�t�h� �O�D�A�A� �a�s� �w�e�l�l� �a�s� �D�A�D�S� �a�s� �t�h�e� �a�c�e�t�y�l�a�t�e�d� �d�i�a�m�i�n�e� �t�o�g�e�t�h�e�r� �w�i�t�h� �t�h�e� �d�i�c�a�r�b�o�x�y�l�i�c� 

�a�c�i�d� �c�o�n�t�a�i�n�i�n�g� �t�h�e� �p�r�e�f�o�r�m�e�d� �i�m�i�d�e� �m�o�i�e�t�y�,� �B�T�M�-�O�D�A�.� �T�h�e� �r�e�a�c�t�a�n�t�s� �w�e�r�e� �c�h�a�r�g�e�d� 

�i�n�t�o� �a� �r�e�a�c�t�o�r� �f�i�t�t�e�d� �w�i�t�h� �a�n� �o�v�e�r�h�e�a�d� �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� �a�d�a�p�t�e�r�,� �D�e�a�n� �S�t�a�r�k� �t�r�a�p� 

�w�i�t�h� �c�o�n�d�e�n�s�e�r� �a�n�d� �a� �t�h�e�r�m�o�m�e�t�e�r�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �t�h�e� �s�y�s�t�e�m� �w�a�s� �r�a�i�s�e�d� �t�o� �3�5�0�°�C�.� 

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

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

�w�e�r�e� �o�b�s�e�r�v�e�d�.� �W�i�t�h�i�n� �3�0� �m�i�n�u�t�e�s�,� �c�h�a�r�r�i�n�g� �c�o�m�m�e�n�c�e�d� �a�n�d� �t�h�e� �r�e�a�c�t�i�o�n� �h�a�d� �t�o� �b�e� 

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

�i�m�m�e�r�s�i�o�n� �i�n�t�o� �a� �c�o�o�l�i�n�g� �w�a�t�e�r� �b�a�t�h�.� �T�h�e� �r�e�a�c�t�o�r� �w�a�s� �t�h�e�n� �c�h�a�r�g�e�d� �w�i�t�h� �N�M�P� �i�n� �a�n� 

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

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

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

�T�h�e� �t�h�r�e�e� �r�e�a�c�t�i�o�n� �m�e�t�h�o�d�o�l�o�g�i�e�s� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �S�c�h�e�m�e� �3�.�7�.� 
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�3�.�5� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� 

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

�c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �a� �v�a�r�i�e�t�y� �o�f� �t�e�c�h�n�i�q�u�e�s�.� 

�3�.�5�.�1�.� �S�o�l�u�t�i�o�n� �V�i�s�c�o�m�e�t�r�y�:� 

�T�h�e� �s�o�l�u�t�i�o�n� �v�i�s�c�o�m�e�t�r�y� �d�a�t�a� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �a� �C�a�n�o�n�-�U�b�b�e�l�h�o�l�d�e� �B�-�1�0�0� �t�y�p�e� 

�v�i�s�c�o�m�e�t�e�r� �u�s�i�n�g� �N�M�P� �a�s� �s�o�l�v�e�n�t�.� �T�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �a�l�l� �m�a�d�e� �a�t� �2�5�°�C�.� �S�o�m�e� 

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

�C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� �T�h�e� �f�l�o�w� �t�i�m�e� �f�o�r� �t�h�e� �s�o�l�v�e�n�t�,� �(�t�o�)�,� �i�n� �t�h�e� �v�i�s�c�o�m�e�t�e�r� �i�s� �f�i�r�s�t� 

�d�e�t�e�r�m�i�n�e�d�.� �3�~�4� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �t�h�e� �p�o�l�y�m�e�r�s� �t�o� �b�e� �a�n�a�l�y�z�e�d� �a�r�e� �t�h�e�n� �p�r�e�p�a�r�e�d� �s�u�c�h� 

�t�h�a�t� �t�h�e� �f�l�o�w� �t�i�m�e� �f�o�r� �t�h�e� �h�i�g�h�e�s�t� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�s� �t�h�e� �r�a�n�g�e� �1�.�5�~�2�.�0� �t�i�m�e�s� �t�h�e� �f�l�o�w� �t�i�m�e� �o�f� 

�t�h�e� �s�o�l�v�e�n�t�.� �A� �p�l�o�t� �o�f� �(�t�-�t�g�)�/�t�g� �V�s�.� �c�o�n�c�e�n�t�r�a�t�i�o�n� �i�s� �t�h�e�n� �g�e�n�e�r�a�t�e�d�.� �E�x�t�r�a�p�o�l�a�t�i�o�n� �o�f� �t�h�e� 

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

�3�.�5�.�2�.� �G�e�l� �P�e�r�m�e�a�t�i�o�n� �C�h�r�o�m�a�t�o�g�r�a�p�h�y�:� 

�S�a�m�p�l�e�s� �w�e�r�e� �a�n�a�l�y�z�e�d� �o�n� �a� �W�a�t�e�r�s� �1�5�0�C� �A�L�C�/�G�P�C� �C�h�r�o�m�a�t�o�g�r�a�p�h� �e�q�u�i�p�p�e�d� 

�w�i�t�h� �d�i�f�f�e�r�e�n�t�i�a�l� �r�e�f�r�a�c�t�i�v�e� �i�n�d�e�x� �d�e�t�e�c�t�o�r� �a�n�d� �a� �V�i�s�c�o�t�e�k� �M�o�d�e�l� �1�0�0� �v�i�s�c�o�s�i�t�y� �d�e�t�e�c�t�o�r� 

�c�o�n�n�e�c�t�e�d� �i�n� �p�a�r�a�l�l�e�l�.� 

�C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� �N�M�P� �(�H�P�L�C� �g�r�a�d�e�)� �c�o�n�t�a�i�n�i�n�g� �0�.�5�%� �(�w�)� �L�i�B�r� �f�i�l�t�e�r�e�d� 

�t�h�r�o�u�g�h� �0�.�5� �m�m�.� �N�y�l�o�n� �f�i�l�t�e�r� �s�e�r�v�e�d� �a�s� �t�h�e� �m�o�b�i�l�e� �p�h�a�s�e�.� �T�h�e� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �t�h�e� 

�c�h�r�o�m�a�t�o�g�r�a�p�h�y� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �:� �t�w�o� �s�t�a�i�n�l�e�s�s� �s�t�e�e�l� �c�o�l�u�m�n�s� �(�7�.�8� �x� �3�0�0�)� �m�m� �p�a�c�k�e�d� 

�w�i�t�h� �W�a�t�e�r�s� �m� �S�y�r�a�g�e�l� �H�T� �1�0�3� �&� �1�0�4� �A ��;� �m�e�a�n� �p�a�r�t�i�c�l�e� �d�i�a�m�e�t�e�r� �1�0�m�m�;� �f�l�o�w� �r�a�t�e� �1�.�0� 

�m�l�/�m�i�n�.�;� �i�n�j�e�c�t�i�o�n� �v�o�l�u�m�e� �2�0�0� �m�l�;� �t�e�m�p�e�r�a�t�u�r�e� �6�0�°�C� �b�o�t�h� �f�o�r� �G�P�C� �a�n�d� �d�e�t�e�c�t�o�r�s�.� �T�h�e� 

�r�u�n� �t�i�m�e� �w�a�s� �3�0� �m�i�n�u�t�e�s� �p�e�r� �s�a�m�p�l�e�.� �S�a�m�p�l�e�s� �p�r�e�p�a�r�e�d� �t�o� �k�n�o�w�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 
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�(� �a�p�p�r�o�x�.� �3� �m�g�/�m�l� �)� �w�e�r�e� �d�i�s�s�o�l�v�e�d� �i�n� �t�h�e� �m�o�b�i�l�e� �p�h�a�s�e� �a�n�d� �f�i�l�t�e�r�e�d� �t�h�r�o�u�g�h� �0�.�2� �m�m� 

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

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

�u�n�i�v�e�r�s�a�l� �c�a�l�i�b�r�a�t�i�o�n�.� �1�8� �d�i�f�f�e�r�e�n�t� �n�a�r�r�o�w� �d�i�s�t�r�i�b�u�t�i�o�n� �p�o�l�y�s�t�y�r�e�n�e� �s�t�a�n�d�a�r�d�s� �w�e�r�e� �u�s�e�d� �t�o� 

�c�o�n�s�t�r�u�c�t� �t�h�e� �c�a�l�i�b�r�a�t�i�o�n� �c�u�r�v�e�.� 

�3�.�5�.�3�.� �V�a�p�o�r� �P�r�e�s�s�u�r�e� �O�s�m�o�m�e�t�r�y�:� 

�V�a�p�o�r� �P�r�e�s�s�u�r�e� �O�s�m�o�m�e�t�r�y� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �o�n� �a� �W�e�s�c�a�n� �I�n�s�t�r�u�m�e�n�t�,� �I�n�c�.� 

�M�o�d�e�l� �2�3�3� �M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t� �A�p�p�a�r�a�t�u�s�.� �T�h�e� �s�o�l�v�e�n�t� �u�s�e�d� �w�a�s� �D�M�A�C�.� �A� �c�a�l�i�b�r�a�t�i�o�n� 

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

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

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

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

�h�a�s� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �i�n� �o�u�r� �l�a�b�o�r�a�t�o�r�i�e�s� �(�2�4�6�)�,� 

�3�.�5�.�4�.� �L�i�g�h�t� �S�c�a�t�t�e�r�i�n�g�:� 

�L�o�w� �a�n�g�l�e� �l�a�s�e�r� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g� �(�L�A�L�L�S�)� �o�n� �d�i�l�u�t�e� �s�o�l�u�t�i�o�n�s� �o�f� �t�h�e� 

�p�o�l�y�m�e�r�s� �i�n� �1�-�m�e�t�h�y�l�-�2�-�p�y�r�r�o�l�i�d�i�n�o�n�e� �[�N�M�P�]� �w�a�s� �u�s�e�d� �t�o� �m�e�a�s�u�r�e� �<�M�w�>�.� �A� �C�h�r�o�m�a�t�i�x� 

�K�M�X�-�6� �L�A�L�L�S� �a�p�p�a�r�a�t�u�s� �p�a�s�s�e�d� �6�3�2�.�8� �n�m�.� �w�a�v�e�l�e�n�g�t�h� �l�i�g�h�t� �t�h�r�o�u�g�h� �a� �1�5� �m�m�.� �l�e�n�g�t�h� 

�s�a�m�p�l�e� �c�e�l�l� �a�t� �6�-�7�°� �a�n�n�u�l�a�r� �s�c�a�t�t�e�r�i�n�g� �a�n�g�l�e� �a�l�l�o�w�i�n�g� �o�b�s�e�r�v�a�t�i�o�n� �t�h�r�o�u�g�h� �a� �0�.�2� �m�m�.� 

�d�i�a�m�e�t�e�r� �f�i�e�l�d� �s�t�o�p�.� �S�o�l�u�t�i�o�n�s� �e�n�t�e�r�e�d� �t�h�e� �c�e�l�l� �t�h�r�o�u�g�h� �a� �G�e�l�m�a�n� �A�c�r�o�d�i�s�e� �C�R� �P�T�F�E� 

�0�.�2�m�m�.� �f�i�l�t�e�r� �a�t� �a� �f�l�o�w� �r�a�t�e� �o�f� �0�.�7�4� �m�l�.�/�h�r�.� �T�h�e� �r�e�f�r�a�c�t�i�v�e� �i�n�d�e�x� �i�n�c�r�e�m�e�n�t�,� �d�n�/�d�c� �f�o�r� �t�h�e� 

�p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)�/�N�M�P� �s�o�l�u�t�i�o�n� �w�a�s� �m�e�a�s�u�r�e�d� �a�t� �6�3�2�.�8� �n�m�.� �w�a�v�e�l�e�n�g�t�h� �i�n� �a� �C�h�r�o�m�a�t�i�x� 

�K�M�<�X�-�1�6� �d�i�f�f�e�r�e�n�t�i�a�l� �r�e�f�r�a�c�t�o�m�e�t�e�r�.� 

�E�X�P�E�R�I�M�E�N�T�A�L� �9�7



�3�.�5�.�5�.� �T�h�e�r�m�a�l� �A�n�a�l�y�s�i�s�:� 

�3�.�5�.�5�.�1�.� �D�y�n�a�m�i�c� �T�h�e�r�m�o�g�r�a�v�i�m�e�t�r�y� �A�n�a�l�y�s�i�s� �(�T�G�A�)� 

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

�2�1�0�0� �i�n�s�t�r�u�m�e�n�t�.� 

�C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� �A�b�o�u�t� �1�0� �m�g�s�.� �o�f� �t�h�e� �s�a�m�p�l�e� �w�a�s� �l�o�a�d�e�d� �i�n�t�o� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.� 

�S�c�a�n�s� �w�e�r�e� �r�u�n� �i�n� �a�i�r� �a�t� �a� �s�c�a�n� �r�a�t�e� �o�f� �1�0�°�C�/�m�i�n� �a�n�d� �t�h�e� �r�e�p�o�r�t�e�d� �t�e�m�p�e�r�a�t�u�r�e�s�,� �u�n�l�e�s�s� 

�s�p�e�c�i�f�i�e�d� �o�t�h�e�r�w�i�s�e�,� �a�r�e� �a�t� �5�%� �w�e�i�g�h�t� �l�o�s�s�.� 

�3�.�5�.�5�.�2�.� �D�i�f�f�e�r�e�n�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�)� 

�D�i�f�f�e�r�e�n�t�i�a�l� �S�c�a�n�n�i�n�g� �C�a�l�o�r�i�m�e�t�r�y� �w�a�s� �p�e�r�f�o�r�m�e�d� �u�s�i�n�g� �V� �4�.�0� �B� �D�u�p�o�n�t� �2�1�0�0� 

�i�n�s�t�r�u�m�e�n�t�.� 

�C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� �A�p�p�r�o�x�i�m�a�t�e�l�y� �1�0� �m�g�s�.� �o�f� �s�a�m�p�l�e� �w�a�s� �l�o�a�d�e�d� �i�n�t�o� �t�h�e� �D�S�C� �p�a�n�s� 

�a�n�d� �s�e�a�l�e�d� �c�a�r�e�f�u�l�l�y� �a�n�d� �i�n�t�r�o�d�u�c�e�d� �i�n�t�o� �t�h�e� �i�n�s�t�r�u�m�e�n�t�.� �S�c�a�n�s� �w�e�r�e� �r�u�n� �a�t� �1�0�°�C�/�m�i�n� �a�n�d� 

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

�3�.�5�.�6�.� �N�u�c�l�e�a�r� �M�a�g�n�e�t�i�c� �R�e�s�o�n�a�n�c�e� �S�p�e�c�t�r�o�s�c�o�p�y� �(�N�M�R�)� �:� 

�A� �V�a�r�i�a�n� �U�n�i�t�y� �4�0�0� �s�p�e�c�t�r�o�m�e�t�e�r� �o�p�e�r�a�t�i�n�g� �a�t� �3�9�9�.�9�5�2� �M�H�z�.� �f�o�r� �!�H� �w�a�s� �u�s�e�d� �t�o� 

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

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

�i�n�t�e�r�n�a�l� �t�e�t�r�a�m�e�t�h�y�l� �s�i�l�a�n�e�.� �W�h�e�r�e�v�e�r� �d�e�e�m�e�d� �r�e�l�e�v�e�n�t�,� �C�!�3� �s�p�e�c�t�r�a� �w�e�r�e� �o�b�t�a�i�n�e�d�.� 
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�3�.�5�.�7�.� �P�o�t�e�n�t�i�o�m�e�t�r�i�c� �T�i�t�r�i�m�e�t�r�y�:� 

�A�n� �M�C�I� �A�u�t�o�m�a�t�i�c� �T�i�t�r�a�t�o�r� �M�o�d�e�l� �#�G�T�-�0�5� �w�a�s� �u�s�e�d� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� �a� �s�t�a�n�d�a�r�d� 

�G�l�a�s�s�-�B�o�d�y� �C�o�m�b�i�n�a�t�i�o�n� �E�l�e�c�t�r�o�d�e� �w�i�t�h� �A�g�/�A�g�C�l� �R�e�f�e�r�e�n�c�e�.� �T�h�e� �t�i�t�r�a�n�t� �w�a�s� �d�i�s�p�e�n�s�e�d� �b�y� 

�m�e�a�n�s� �o�f� �a�n� �a�u�t�o�m�a�t�i�c� �m�i�c�r�o�b�u�r�e�t� �w�i�t�h� �a� �v�o�l�u�m�e� �r�e�s�o�l�u�t�i�o�n� �o�f� �2�0� �m�l�.� 

�C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �p�r�o�c�e�d�u�r�e�:� �T�h�e� �p�o�l�y�m�e�r� �s�o�l�u�t�i�o�n�s� �w�e�r�e� �m�i�x�e�d� �i�n� �1�0�0� �m�l�.� �b�e�a�k�e�r�s� �s�e�r�v�i�n�g� �a�s� 

�t�i�t�r�a�t�i�o�n� �v�e�s�s�e�l�s� �b�y� �m�e�a�n�s� �o�f� �s�m�a�l�l� �(�8� �m�m�.� �d�i�a�m�e�t�e�r� �x� �2�5� �m�m�)� �t�e�f�l�o�n�-�c�o�a�t�e�d� �s�t�i�r�r�i�n�g� �b�a�r�-� 

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

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

�w�a�s� �t�e�t�r�a�m�e�t�h�y�l� �a�m�m�o�n�i�u�m� �h�y�d�r�o�x�i�d�e�,� �[�T�M�A�H�]� �(�2�5�%� �s�o�l�u�t�i�o�n� �i�n� �m�e�t�h�a�n�o�l�)�,� �o�b�t�a�i�n�e�d� �f�r�o�m� 

�E�a�s�t�m�a�n� �K�o�d�a�k� �C�o�.� �a�n�d� �d�i�l�u�t�e�d� �t�o� �a�p�p�r�o�x�i�m�a�t�e�l�y� �0�.�0�2�5� �M� �w�i�t�h� �d�i�s�t�i�l�l�e�d� �m�e�t�h�a�n�o�l�.� �T�h�e� 

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

�p�o�t�a�s�s�i�u�m� �h�y�d�r�o�g�e�n� �p�h�t�h�a�l�a�t�e� �[�K�H�P�]� �w�h�i�c�h� �w�a�s� �a�c�c�u�r�a�t�e�l�y� �p�r�e�p�a�r�e�d� �t�o� �a� �k�n�o�w�n� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�.� �K�H�P� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �C�o�.� �a�n�d� �u�s�e�d� �a�s� �r�e�c�e�i�v�e�d�.� 

�3�.�5�.�8�.� �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�:� 

�T�h�e� �d�y�n�a�m�i�c� �m�e�c�h�a�n�i�c�a�l� �t�h�e�r�m�a�l� �s�c�a�n�s� �w�e�r�e� �r�u�n� �o�n� �t�h�e� �P�o�l�y�m�e�r� �L�a�b�o�r�a�t�o�r�i�e�s� �D�M�T�A� 

�a�t� �a� �h�e�a�t�i�n�g� �r�a�t�e� �o�f� �2�°�C�/�m�i�n� �a�n�d� �a�t� �f�r�e�q�u�e�n�c�i�e�s� �o�f� �1�,�5�&�1�0� �H�z�.� �i�n� �t�h�e� �b�e�n�d�i�n�g� �m�o�d�e�.� 

�3�.�5�.�9�.� �W�i�d�e� �A�n�g�l�e� �X�-�R�a�y� �S�c�a�t�t�e�r�i�n�g� �(�W�A�X�S�)� �:� 

�S�c�i�n�t�a�g� �X�D�S� �2�0�0�0� �w�a�s� �u�s�e�d� �f�o�r� �t�h�e� �w�i�d�e� �a�n�g�l�e� �X�-�r�a�y� �s�c�a�t�t�e�r�i�n�g� �m�e�a�s�u�r�e�m�e�n�t�s�.� 

�3�.�5�.�1�0�.� �|� �M�e�l�t� �R�h�e�o�m�e�t�r�i�c� �S�t�u�d�i�e�s�:� 

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

�r�h�e�o�m�e�t�e�r� �a�t� �a� �f�r�e�q�u�e�n�c�y� �o�f� �1�.�5� �H�z�.� �T�h�e� �h�e�a�t�i�n�g� �r�a�t�e� �w�a�s� �m�a�i�n�t�a�i�n�e�d� �a�t� �3�°�C�/�m�i�n�.� 

�a�n�d� �t�h�e� �s�c�a�n�s� �w�e�r�e� �r�u�n� �i�n� �a�i�r�.� 
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�C�H�A�P�T�E�R� �4� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�4�.�1�.� �S�o�l�u�t�i�o�n� �i�m�i�d�i�z�a�t�i�o�n� �a�p�p�l�i�e�d� �t�o� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)� �s�y�n�t�h�e�s�i�s� 

�4�.�1�.�1�.� �I�n�t�r�o�d�u�c�t�i�o�n� 

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

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

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

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

�g�e�n�e�r�a�l�i�z�e�d� �s�c�h�e�m�e� �o�f� �t�h�e� �r�e�a�c�t�i�o�n� �m�a�y� �b�e� �a�s� �s�h�o�w�n� �i�n� �S�c�h�e�m�e� �4�.�1�.� �H�o�w�e�v�e�r�,� �i�t� �i�s� 

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

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

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

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

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

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

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

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

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

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

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

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

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� �1�0�0



�\� �T�C� �y�O� �+� �~ ��-�H�,�N ��A�r ��N�H�,� 

�[�T�M�A�C�]� �[�A�r�o�m�a�t�i�c� �d�i�a�m�i�n�e�]� 

�.� 
�|� �Y�a�a�r�  ��N�H� 

�l�r� �l�o�n� 

�b� 
�[�P�o�l�y�(�a�m�i�d�e�-�a�m�i�c�-�a�c�i�d�)�]� 

�y�e�h�e�r� �t�e�m�p�e�r�a�t�u�r�e� 
�t�h�e�r�m�a�l� �i�m�i�d�i�z�a�t�i�o�n� 

�p�o� �s� 
�[�P�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)�]� 

�~� �\ ��C�H�,� �a�a�d� �\ �� �C� 

�S�c�h�e�m�e� �4�.�1� �-� �R�e�p�r�e�s�e�n�t�a�t�i�v�e� �s�y�n�t�h�e�s�i�s� �o�f� �c�o�m�m�e�r�c�i�a�l� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� 

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� �1�0�1



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

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

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

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

�(�4�7�)�,� �(�2�4�7�)�,� �(�2�4�8�)�.� �V�e�r�y� �o�f�t�e�n�,� �t�h�e� �p�r�o�d�u�c�t�s� �h�a�v�e� �p�o�o�r�l�y� �d�e�f�i�n�e�d� �c�a�n� �b�e� �v�e�r�y� �c�o�m�p�l�e�x� 

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

�p�o�s�s�i�b�l�y�,� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �b�r�a�n�c�h�e�s� �a�n�d� �c�r�o�s�s�-�l�i�n�k�s� �(�2�4�7�)�,� �(�2�4�9�-�2�5�1�)� �T�h�i�s� �w�o�u�l�d� �l�e�a�d� �t�o� 

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

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

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

�t�e�c�h�n�i�q�u�e�s� �t�o�g�e�t�h�e�r� �w�i�t�h� �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� �c�o�n�t�r�o�l� �(�5�6�-�5�8�)� �f�o�r� �p�o�l�y�i�m�i�d�e� 

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

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

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

�a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �f�o�l�l�o�w�e�d� �b�y� �c�y�c�l�o�d�e�h�y�d�r�a�t�i�o�n� �a�t� �r�e�l�a�t�i�v�e�l�y� �m�i�l�d� �t�e�m�p�e�r�a�t�u�r�e�s� �o�f� �1�6�0�-� 

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

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

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

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

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

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

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

�i�m�i�d�e�s�)� �w�h�i�l�e� �o�v�e�r�r�i�d�i�n�g� �t�h�e�i�r� �c�u�r�r�e�n�t� �d�r�a�w�b�a�c�k�s�.� 
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�4�.�1�.�2�.� �M�o�n�o�m�e�r� �P�u�r�i�f�i�c�a�t�i�o�n� 

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

�t�r�i�m�e�l�l�i�t�i�c� �a�n�h�y�d�r�i�d�e� �a�c�i�d� �c�h�l�o�r�i�d�e� �[�T�M�A�C�]�.� �E�a�r�l�y� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� 

�T�M�A�C� �p�u�r�i�f�i�e�d� �b�y� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� �t�w�i�c�e� �f�r�o�m� �h�e�x�a�n�e�.� �H�o�w�e�v�e�r�,� �t�h�e� �r�e�c�r�y�s�t�a�l�l�i�z�a�t�i�o�n� 

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

�T�M�A�C� �p�u�r�i�f�i�e�d�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �p�r�o�c�e�s�s� �i�n�v�o�l�v�e�s� �e�x�p�o�s�u�r�e� �o�f� �t�h�e� �a�c�i�d� �c�h�l�o�r�i�d�e� �t�o� �a�i�r�,� 

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

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

�b�e�e�n� �c�o�n�f�i�r�m�e�d� �b�y� �p�r�o�t�o�n� �N�M�R�.� �T�h�e� �e�x�p�a�n�d�e�d� �s�p�e�c�t�r�a�l� �r�e�g�i�o�n� �b�e�t�w�e�e�n� �1�3�.�9�0� �a�n�d� �1�4�.�1�5� 

�p�p�m� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �4�.�1� �r�e�v�e�a�l�s� �t�h�e� �b�r�o�a�d� �c�a�r�b�o�x�y�l�i�c� �a�c�i�d� �p�r�o�t�o�n� �a�t� �6� �=� �1�4�.�0�5� �p�p�m�.� 

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

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

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

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

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

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

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

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

�w�a�s� �t�a�k�e�n� �t�o� �p�u�r�i�f�y� �a�n�d� �h�a�n�d�l�e� �T�M�A�C� �f�o�r� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �i�n� �t�h�e� �t�o�t�a�l� �e�x�c�l�u�s�i�o�n� �o�f� �a�i�r� �a�n�d� 

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

�3�.�2�.�7�.� 
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�4�.�1�.�3�.� �P�o�l�y�m�e�r� �s�y�n�t�h�e�s�i�s� 

�P�r�i�m�a�r�i�l�y�,� �t�h�e� �r�e�a�c�t�i�o�n�s� �w�e�r�e� �c�a�r�r�i�e�d� �o�u�t� �u�s�i�n�g� �4�,�4 ��-�o�x�y�d�i�a�n�i�l�i�n�e� �[�O�D�A�]� �a�s� �t�h�e� 

�a�r�o�m�a�t�i�c� �d�i�a�m�i�n�e�.� �H�o�w�e�v�e�r�,� �r�e�a�c�t�i�o�n�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �c�o�n�d�u�c�t�e�d� �w�h�e�r�e�i�n� �/�,�3�-� �p�h�e�n�y�l�e�n�e� 

�d�i�a�m�i�n�e� �[�m�P�D�A�]� �h�a�s� �b�e�e�n� �i�n�c�o�r�p�o�r�a�t�e�d� �a�s� �a� �c�o�-�m�o�n�o�m�e�r� �t�o� �t�h�e� �e�x�t�e�n�t� �o�f� �3�0� �m�o�l�e� �%� �o�f� 

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

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

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

�s�u�c�h� �a�s�,� �e�i�t�h�e�r� �p�h�t�h�a�l�i�c� �a�n�h�y�d�r�i�d�e� �[�P�A�]� �o�r� �4�-�7�-�b�u�t�y�l� �p�h�t�h�a�l�i�c� �a�n�h�y�d�r�i�d�e� �[�t�-�B�P�A�]� �w�a�s� �u�s�e�d� 

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

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

�t�h�e�o�r�e�t�i�c�a�l� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �b�y� �a�v�a�i�l�i�n�g� �o�f� �t�h�e� �C�a�r�o�t�h�e�r�'�s� �e�q�u�a�t�i�o�n�.� �T�h�e� �r�e�a�s�o�n� �f�o�r� �t�h�e� 

�e�m�p�l�o�y�m�e�n�t� �o�f� �f�-�B�P�A� �w�a�s� �t�o� �t�a�k�e� �a�d�v�a�n�t�a�g�e� �o�f� �t�h�e� �a�l�i�p�h�a�t�i�c� �p�r�o�t�o�n�s� �a�t� �t�h�e� �c�h�a�i�n� �e�n�d�s� �f�o�r� 

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

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

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

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

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

�p�o�l�y�m�e�r�.� 

�4�.�1�.�4�,� �R�e�p�r�e�s�e�n�t�a�t�i�v�e� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �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� �u�s�i�n�g� 

�p�r�o�t�o�n� �N�M�R� 

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

�e�m�p�l�o�y�e�d� �i�n� �a� �n�u�m�b�e�r� �o�f� �s�y�s�t�e�m�s� �f�o�r� �t�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �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�,� �<�M�y�>�.� �I�n� �s�u�c�h� �i�n�s�t�a�n�c�e�s�,� �t�h�e� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �a�r�e� �e�n�d�-�c�a�p�p�e�d� �b�y� �n�o�n�-�r�e�a�c�t�i�v�e� �t�-� 
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�b�u�t�y�l� �c�h�a�i�n� �e�n�d�s�,� �w�h�e�r�e�i�n� �e�x�a�m�i�n�i�n�g� �t�h�e� �a�l�i�p�h�a�t�i�c� �p�r�o�t�o�n�s� �i�n� �t�h�e� �e�n�d�g�r�o�u�p� �w�i�t�h� �t�h�e� 

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

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

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

�I�n� �c�a�s�e� �o�f� �O�D�A�-�b�a�s�e�d� �p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�s�)� �s�y�n�t�h�e�s�i�z�e�d� �b�y� �t�h�e� �s�o�l�u�t�i�o�n� �i�m�i�d�i�z�a�t�i�o�n� 

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

�F�i�g�u�r�e� �4�.�2� 

�F�i�g�u�r�e� �4�.�2� 

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

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

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

�s�u�c�c�e�s�s�i�v�e� �a�m�i�d�e�-� �a�n�d�/�o�r� �t�w�o� �i�m�i�d�e�-� �l�i�n�k�s� �h�a�v�e� �b�e�e�n� �g�e�n�e�r�a�t�e�d�.� �T�h�i�s� �w�o�u�l�d� �b�e� �d�u�e� �t�o� �t�h�e� 

�s�i�m�u�l�t�a�n�e�o�u�s� �a�t�t�a�c�k� �o�n� �b�o�t�h� �t�h�e� �a�m�i�n�e� �f�u�n�c�t�i�o�n�a�l�i�t�i�e�s� �o�f� �a�n� �O�D�A� �m�o�l�e�c�u�l�e� �b�y� �t�w�o� �a�c�i�d� 

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

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

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

�t�h�e� �n�u�m�b�e�r� �o�f� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n�s� �i�n� �t�h�e� �r�e�p�e�a�t� �u�n�i�t� �=� �1�1� �&� 

�t�h�e� �n�u�m�b�e�r� �o�f� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n�s� �i�n� �t�h�e� �c�h�a�i�n� �e�n�d�s� �=� �1�4� 

�t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n�s� �i�n� �t�h�e� �p�o�l�y�m�e�r� �=� �(�n�x�1�1�)�+�1�4� 

�F�r�o�m� �t�h�e� �p�r�o�t�o�n� �N�M�R� �s�p�e�c�t�r�u�m�,� �i�t� �i�s� �p�o�s�s�i�b�l�e� �t�o� �e�v�a�l�u�a�t�e� �t�h�e� �r�a�t�i�o� �o�f� �t�h�e� �t�o�t�a�l� �n�u�m�b�e�r� �o�f� 

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

�r�e�s�p�e�c�t�i�v�e� �p�e�a�k�s�.� �T�h�u�s�,� 

� � 

� � 

�[�(�n�x�1�1�)� �+� �1�4�]� �_� �l�a�r� 
�1�8� �l�a�b� 

�l� �1�8� �( � ��_�-�)� �-� �1�4� 
�T�h�e�r�e�f�o�r�e�,� �n� �=� �L�A�L� 

�1�1� 

�w�h�e�r�e�,� 

�I�a�r� �=� �I�n�t�e�g�r�a�t�e�d� �a�r�e�a� �f�o�r� �a�r�o�m�a�t�i�c� �p�r�o�t�o�n�s� 

�I�a�L� �=� �I�n�t�e�g�r�a�t�e�d� �a�r�e�a� �f�o�r� �a�l�i�p�h�a�t�i�c� �p�r�o�t�o�n�s� 

�<�M�n�>�=�n�x� �M�r� 

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

�=� �3�5�6� �g�/�m�o�l�e�.� 

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

�p�o�l�y�(�a�m�i�d�e�-�i�m�i�d�e�)� �w�i�t�h� �a� �t�a�r�g�e�t� �<�M�y�>� �o�f� �5�0�0�0� �g�/�m�o�l� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �4�.�3�.� 

�F�r�o�m� �t�h�e� �N�M�R� �s�p�e�c�t�r�u�m�,� �i�t� �c�a�n� �b�e� �s�e�e�n� �t�h�a�t� 
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