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(Abstract) 

Aqueous dispersion prepregging is under investigation within our laboratories for 

processing fiber reinforced, polymer matrix composites with environmental concern by 

using water instead of toxic organic solvents. This method requires that the polymers be 

in the form of a stable aqueous colloidal dispersion. This thesis describes the preparation 

of submicron diameter poly(arylene ether ether ketone) suspensions in water, and analysis 

of suspension stability as a function of the suspension variables. This thesis focuses on 

developing the procedures, and defining the parameters, for preparing stable aqueous 

suspensions of PEEK particles using new pyridine containing electrostatic stabilizers. 

Preparation of aqueous PEEK suspensions involves first adsorbing a soluble stabilizer 

precursor, poly(pyridine ether-co-ether ether ketimine), onto PEEK particles from a 

organic solvent, followed by hydrolysis of the ketimine moiety on this particle coating in 

conjunction with protonation of the pyridine units, forming a protonated form of 

poly(pyridine ether-co-ether ether ketone), which acts as an electrostatic aqueous 

stabilizer. Ultraviolet spectroscopy was employed to measure and compare adsorption 

isotherms in both THF and toluene. This high performance electrostatic stabilizer has 

been used successfully to stabilize aqueous suspensions of both larger particles (~ 12 

micron diameter PEEK particles), as well as submicron particles. Stabilities of the



suspensions were analyzed using sedimentation experiments for the larger particle size 

range, and using light scattering (turbidity) for the submicron sizes. The research 

accomplished in this thesis is currently being used to investigate the use of these 

dispersions for pre-pregging both continuous carbon fiber tow and pre-woven graphite 

fabric.
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Chapter 1. Literature Review 

1.1 Introduction 

The research described in this thesis covers several topics including synthesis and 

properties of poly(ether ether ketone)s, and polymer adsorption and dispersion stability. 

This literature review is intended to present a general background of these topics for the 

experimental and results sections that follow. 

1.2 Introduction to Poly(arylene ether ketone)s 

In recent years, poly(arylene ether ketone)s have become important engineering 

thermoplastics and matrix resins for high performance fiber reinforced composites because 

of their excellent chemical, physical and mechanical properties.!-3 Ketone functionality in 

the polymers capable of permitting semi-crystallinity in rigid biphenol based poly(arylene 

ether ketone)s. Therefore, the semi-crystalline polymers have very good solvent resistance 

in contrast to amorphous engineering thermoplastics, such as bisphenol-A polysulfones. 

The only known room temperature solvent for PEEK or PEKK is concentrated sulfuric 

acid. 

The crystallinity of poly(arylene ether ketone)s, coupled with the fact that their 

melting points are generally above 300°C, leads to synthetic difficulties since the polymers 

precipitate out of most solvents at normal synthetic temperatures. In order to keep the 

polymers in solution and thus to obtain high molecular weight polymers, either strong 

acidic media in which the carbonyl groups are protonated (the Friedel-Crafts acylation 

1



process) or very high temperatures (the nucleophilic process) are applied. Effort has also 

been devoted to alternative techniques for synthesizing poly(arylene ether ketone)s, which 

circumvent these problems. A review of synthetic methods follows with emphasis on 

nucleophilic aromatic substitution. 

1.3 Synthetic Methods 

1.3.1 Nucleophilic Aromatic Substitution 

The mechanisms for nucleophilic aromatic substitution differ from direct 

substitution mechanisms, S,1 and 8,2. The S,2 route, which requires back-side approach 

of the nucleophile, is impossible due to the geometry of the substituted benzene ring; and 

the S,1 route would involve the extremely unstable phenyl cation. However, nucleophilic 

aromatic substitutions do occur via either the addition-elimination (S,Ar) or elimination- 

addition (benzyne) mechanisms.4 Almost all of the poly(arylene ether ketone)s prepared 

by nucleophilic processes are via the addition-elimination mechanism. Therefore, the 

discussion will only focus on the polymerization via the addition-elimination mechanism. 

In the addition-elimination mechanism (Figure 1.1)*, the nucleophile first attacks 

an electron-deficient * orbital on the ring. The second step involves the loss of the 

leaving group, thus the net substitution is obtained. The addition intermediate, called a 

Meisenheimer complex, is greatly stabilized by an electron withdrawing group, such as 

nitro, cyano, sulfone or carbonyl groups, ortho or para to the point of substitution.



A good combination of leaving group, electron withdrawing group and nucleophile 

can make the S,Ar reaction possible to be carried out to essentially 100% conversion. 

Therefore it is possible to use this mechanism to synthesize high molecular weight, step- 

growth linear polymers.°~? The polymerization process by nucleophilic aromatic 

substitution, originally developed for the production of polysulfones,? has been 

successfully adapted to the synthesis of poly(arylene ether ketone)s. An example of the 

nucleophilic process is the synthesis of poly(ether ether ketone), which is produced by the 

chemistry shown in Figure 1.2.8 This reaction involves the use of activated aromatic 

difluorides in which a carbonyl group serves as the electron-withdrawing group, and the 

nucleophile is a phenolate anion. The nature of the leaving group, electron-withdrawing 

group, the metal cation and the solvent all have a marked influence on the course and rate 

of polymerization. In the S,Ar reaction, the leaving group, often a halide, has the order of 

reactivity, F>>Cl>Br>I, which is the opposite of S,2 reactions where I>Br>Cl>F. The 

reason for this difference is that the rate-determining step in the S,2 mechanism is 

breaking of the carbon-halide bond, while in the S,Ar reaction, the rate-determining step 

is attack of the nucleophile. The more electronegative leaving group makes the aromatic 

ring more electron deficient, thus, the rate-determining step is faster. The reactivity of the 

SwAr reaction increases with electron withdrawing groups in the order of 

N=N<C=0<SO.~NO,. The electron withdrawing group stabilizes the addition 

intermediate, i.e., Meisenheimer complex. The reaction order is Cs>K>Na>Li for the 

alkali metal cation. The choice of solvent is complicated and depends on the specific case. 

The solvent not only has to solvate the nucleophile but also must solvate the polymer. 

Generally dipolar aprotic solvents, such as NMP, DMAc and DMSO, are good since their 

dipolar functions can interact with the ketone on the polymer backbone and thus increase



Step 1: rate-determining 

Meisenheimer complex 

Step 2: fast 

    

Figure 1.1 Addition-elimination (S,,Ar) mechanism*
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Figure 1.2 (A) Synthesis of PEEK by nucleophilic aromatic substitution; (B) syntheses 

of 4,4'-difluorobenzophenone (monomer)®



the solubility. More importantly, they serve to solvate the positive counterions which 

increases reactivity of the phenolate ion and they stabilize the polar reaction intermediates. 

The crystalline poly(ether ketone)s are generally not soluble in non-acidic organic 

solvents at low temperatures. Therefore they require a high boiling solvent which can 

withstand high temperatures (e.g. >325°C) without decomposition. Solvents such as 

diphenylsulfone (DPS) are used to accommodate these temperatures. Under such high 

temperatures, side reactions like ether exchange and cleavage become important.8.? 

Another side reaction has also been suggested. Since the hydrogen atom ortho to 

halogens is relatively acidic, especially with the presence of an electron-withdrawing 

ketone group, the basic phenolate might abstract the proton ortho to a halogen at high 

temperature (Figure 1.3).3 The resulting carbanion can either attack the carbonyl group 

or displace a halide, leading to branching or even gel formation, although the extent of this 

kind of side reaction is very minimal. 

The effect of crystallinity on solubility is still a concern during nucleophilic 

aromatic substitution syntheses of poly(arylene ether ketone)s. For this reason, three 

alternative approaches have been developed, all of which utilize amorphous soluble 

precursor polymers that are initially formed, then chemically transformed to the final 

polymer. In one approach, a ketal derivative of 4,4'-dihydroxybenzophenone was 

synthesized and used as a monomer (Figure 1.4).19 It was then reacted with 4,4'- 

difluorobenzophenone under mild reaction conditions by nucleophilic aromatic substitution 

to produce an amorphous polyketal (Figure 1.5).19 This soluble precursor was 

quantitatively converted to high molecular weight, crystalline, poly(ether ketone) by acid 

hydrolysis of the acetal function. In the second approach, bulky groups such as t-butyl
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Figure 1.3 Possible side reaction leading to branching at high temperature?
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Figure 1.4 Synthesis of ketal monomer!®
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Figure 1.5 Synthesis of poly(ether ketone) via ketal monomer!®



were substituted onto hydroquinone, which was then reacted with 4,4'- 

difluorobenzophenone to form an amorphous t-butylated poly(ether ketone).11 The 

removal of these bulky groups was achieved using Lewis or Bronstead acid catalyzed 

cleavage of the t-butyl substituent (retro Friedel-Crafts alkylation). In the third approach, 

a ketimine derivative of 4,4'-difluorobenzophenone was synthesized (Figure 1.6).12-14 

The electron-withdrawing ability of the ketimine is sufficient to enable nucleophilic 

aromatic substitution, and thus to form an amorphous ketimine precursor polymer (Figure 

1.7).12 Upon acid hydrolysis, the soluble precursor was transformed into a high molecular 

weight, crystalline poly(arylene ether ketone). If hydroquinone is used as the bisphenol, as 

shown in Figure 1.7, the polymer formed after hydrolysis is exactly poly(ether ether 

ketone) (PEEK) (Figure 1.8).12. A very important discovery made by McGrath et al. was 

that upon hydrolysis of the ketimine precursor polymer, PEEK precipitated from solution 

in the form of very small particles. This thesis will focus on this issue by describing the 

preparation of aqueous PEEK suspensions for prepregging high performance continuous 

graphite fiber composites. 

1.3.2 Friedel-Crafts Acylation 

Wholly aromatic poly(ether ketone)s were synthesized via Friedel-Crafts acylation 

using aluminum chloride in solvents such as dichloromethane and nitrobenzene (Figure 

1.9).15,16,17 Due to the crystallinity of the poly(arylene ether ketone)s, premature 

precipitation of the polymers results in low molecular weights and the polymers are of no 

practical use. This problem was solved by Marks et al. (du Pont) by using a mixed 

HF/BF; (solvent/catalyst combination).18 The premature precipitation was prevented 

through complexation of the Lewis acid with the polyketone's carbonyl groups. 

10



Toluene reflux (111°C ) 
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Figure 1.6 Synthesis of ketimine momomer!2-14 
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�t�h�e�r�m�o�o�x�i�d�a�t�i�v�e� �i�n�s�t�a�b�i�l�i�t�y�.�®� 

�1�.�3�.�3� �C�o�u�p�l�i�n�g� �o�f� �A�r�o�m�a�t�i�c� �D�i�c�h�l�o�r�i�d�e�s� 

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

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

�z�i�n�c�,� �t�r�i�p�h�e�n�y�l�p�h�o�s�p�h�i�n�e� �a�n�d� �b�i�p�y�r�i�d�i�n�e�,� �h�a�s� �b�e�e�n� �r�e�p�o�r�t�e�d�.�1�9�:�2�0� �H�o�w�e�v�e�r� �o�n�l�y� �l�o�w� �t�o� 

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

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

�a�r�o�m�a�t�i�c� �d�i�c�h�l�o�r�i�d�e�s�,� �r�e�s�u�l�t�i�n�g� �i�n� �a�m�o�r�p�h�o�u�s� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�)�s� �(�F�i�g�u�r�e� �1�.�1�0�)�.�7�1� 

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

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

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

�C�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�)�s� �w�e�r�e� �p�r�o�d�u�c�e�d�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�.�1�1�.�2�1� 

�H�o�w�e�v�e�r�,� �l�o�n�g� �r�e�a�c�t�i�o�n� �t�i�m�e�s� �a�r�e� �r�e�q�u�i�r�e�d� �f�o�r� �d�e�-�t�e�r�t�-�b�u�t�y�l�a�t�i�o�n� �(�>�2�0� �h�o�u�r�s�)�.� 

�1�.�4� �P�r�o�p�e�r�t�i�e�s� �o�f� �P�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�)�s� 

�T�h�e� �c�r�y�s�t�a�l�l�i�n�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�)�s� �e�x�h�i�b�i�t� �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�,� 

�w�i�t�h� �T�y� �v�a�l�u�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �1�0�0�°�C� �t�o� �o�v�e�r� �2�0�0�°�C� �a�n�d� �T�m� �v�a�l�u�e�s� �f�r�o�m� �a�b�o�u�t� �3�0�0�°�C� �t�o� 

�w�e�l�l� �o�v�e�r� �4�0�0�°�C�.� �T�h�e�y� �a�l�s�o� �e�x�h�i�b�i�t� �g�o�o�d� �s�o�l�v�e�n�t� �a�n�d� �r�a�d�i�a�t�i�o�n� �r�e�s�i�s�t�a�n�c�e� �p�a�r�t�l�y� �a�s� �a� �r�e�s�u�l�t� 
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�F�i�g�u�r�e� �1�.�1�0� �S�y�n�t�h�e�s�i�s� �o�f� �t�e�r�t�-�b�u�t�y�l�-�s�u�b�s�t�i�t�u�t�e�d� �p�o�l�y�(�e�t�h�e�r� �k�e�t�o�n�e�)�s� �b�y� �n�i�c�k�e�l�-�c�a�t�a�l�y�z�e�d� 

�c�o�u�p�l�i�n�g� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� �a�r�o�m�a�t�i�c� �d�i�c�h�l�o�r�i�d�e�?�!� 
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�O�H�O� �O�L�0�x�:� �§� 
�C�F�3�S�0�3�H� 

�R�T�,� �2�4�h�r�s� 

�F�i�g�u�r�e� �1�.�1�1� �T�r�a�n�s�-�t�e�r�t�-�b�u�t�y�l�a�t�i�o�n� �b�y� �t�r�i�f�l�u�o�r�o�m�e�t�h�a�n�e�s�u�l�f�o�n�i�c� �a�c�i�d�?�!� 

�1�7



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

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

�k�e�t�o�n�e�)�s� �a�r�e� �s�t�r�o�n�g�,� �t�o�u�g�h� �m�a�t�e�r�i�a�l�s� �w�i�t�h� �g�o�o�d� �w�e�a�r� �a�n�d� �a�b�r�a�s�i�o�n� �r�e�s�i�s�t�a�n�c�e�.�®� 

�A�m�o�n�g� �t�h�e� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r� �k�e�t�o�n�e�)�s�,� �a� �v�e�r�y� �i�m�p�o�r�t�a�n�t� �p�o�l�y�m�e�r� �i�s� �p�o�l�y�(�e�t�h�e�r� 

�e�t�h�e�r� �k�e�t�o�n�e�)�.� �P�E�E�K� �i�s� �a� �h�i�g�h� �p�e�r�f�o�r�m�a�n�c�e� �e�n�g�i�n�e�e�r�i�n�g� �t�h�e�r�m�o�p�l�a�s�t�i�c� �w�i�t�h� �m�a�n�y� 

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

�T�g� �o�f� �~� �1�4�3�°�C� �a�n�d� �T�m� �~� �3�3�4�°�C�.� �T�h�e� �c�r�y�s�t�a�l�l�i�n�i�t�y� �o�f� �P�E�E�K� �r�a�n�g�e�s� �f�r�o�m� �0� �t�o� �4�8�%�8� 

�d�e�p�e�n�d�i�n�g� �o�n� �i�t�s� �t�h�e�r�m�a�l� �h�i�s�t�o�r�y�.�2�2�_� �T�h�e�r�m�o�p�h�y�s�i�c�a�l� �p�r�o�p�e�r�t�i�e�s� �o�f� �P�E�E�K� �a�r�e� �i�m�p�o�r�t�a�n�t� 

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

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

�e�x�p�e�r�i�m�e�n�t�a�l�l�y�.� �T�h�e� �i�n�c�r�e�m�e�n�t�s� �o�f� �T�g� �a�n�d� �T�y�,� �w�i�t�h� �p�r�e�s�s�u�r�e� �i�s� �a�b�o�u�t� �0�.�5�7� �-� �0�.�5�9�°�C�/�M�P�a� 

�a�n�d� �0�.�4�8�3�°�C�/�M�P�a� �r�e�s�p�e�c�t�i�v�e�l�y�.�2�3� �I�t� �i�s� �r�e�p�o�r�t�e�d� �t�h�a�t� �t�h�e� �t�h�e�r�m�o�d�y�n�a�m�i�c� �m�e�l�t�i�n�g� �p�o�i�n�t� �o�f� 

�t�h�e� �P�E�E�K� �c�r�y�s�t�a�l� �i�s� �3�8�4�°�C� �a�n�d� �t�h�e� �s�u�r�f�a�c�e� �f�r�e�e� �e�n�e�r�g�y� �o�f� �t�h�e� �P�E�E�K� �c�r�y�s�t�a�l� �i�s� �3�9� �e�r�g�/�c�m�.� 

�T�h�e� �h�e�a�t� �o�f� �f�u�s�i�o�n� �o�f� �t�h�e� �P�E�E�K� �c�r�y�s�t�a�l� �(�3�9�.�5� �c�a�l�/�g�)� �h�a�s� �b�e�e�n� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �a� �l�i�n�e�a�r� 

�r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� �t�h�e� �h�e�a�t� �o�f� �f�u�s�i�o�n� �a�n�d� �t�h�e� �d�e�n�s�i�t�y�.�2�4� 

�S�i�n�c�e� �P�E�E�K� �i�s� �r�e�l�a�t�i�v�e�l�y� �i�n�s�o�l�u�b�l�e�,� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �i�t�s� �s�o�l�u�t�i�o�n� �p�r�o�p�e�r�t�i�e�s� �i�s� 

�q�u�i�t�e� �c�h�a�l�l�e�n�g�i�n�g�.� �S�e�v�e�r�a�l� �a�c�i�d�i�c� �s�o�l�v�e�n�t�s� �h�a�v�e� �b�e�e�n� �e�x�p�l�o�r�e�d� �f�o�r� �P�E�E�K� �i�n�c�l�u�d�i�n�g� �H�,�S�O�,�,� 

�H�S�O�;�C�l�,� �H�F� �a�n�d� �m�i�x�t�u�r�e�s� �o�f� �p�-�c�h�l�o�r�o�p�h�e�n�o�l�/�o�-�d�i�c�h�l�o�r�o�b�e�n�z�e�n�e�,� �e�t�c�.�.� �S�o�l�u�b�i�l�i�t�y� �i�s� 

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

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

�r�i�n�g� �(�F�i�g�u�r�e�l�.�1�2�)�.�2�5� �I�n�t�r�i�n�s�i�c� �v�i�s�c�o�s�i�t�i�e�s� �o�f� �P�E�E�K� �i�n� �s�u�l�f�u�r�i�c� �a�c�i�d� �a�n�d� �p�h�e�n�o�l�-�1�,�2�,�4�-� 

�t�r�i�c�h�l�o�r�o�b�e�n�z�e�n�e� �(�p�h�e�n�o�l�-�T�C�B�)� �(�5�0�/�5�0� �b�y� �w�e�i�g�h�t�)� �w�e�r�e� �m�e�a�s�u�r�e�d�,� �a�n�d� �t�h�e� �M�a�r�k�-�H�o�u�w�i�n�k� 
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�e�x�p�r�e�s�s�i�o�n�s� �f�o�r� �P�E�E�K� �i�n� �s�u�l�f�u�r�i�c� �a�c�i�d� �(�E�q�.� �1�.�1�)� �a�n�d� �(�p�h�e�n�o�l�-�T�C�B�)� �(�E�q�.� �1�.�2�)� �w�e�r�e� 

�d�e�t�e�r�m�i�n�e�d�.�2�>� 

�[�n�]�z�g�e�c� �=� �3�.�8�4�9�x�1�0�°�(�M�,�,�)�°�%�*� �(�d�i�g�)� �E�q�.� �1�.�1� 

�[� �n� �]� �p�h�e�n�o�-�F�T�C�B� 

�1�1�5�°�C� �=� �7�.�5�8�8�x�1�0�  ��(�M�y� �0�-�6�7� �(�d�g�)� �E�q�.� �1�.�2� 

�i�n� �w�h�i�c�h�,� �[�n�y�]� �i�s� �t�h�e� �i�n�t�r�i�n�s�i�c� �v�i�s�c�o�s�i�t�y� �o�f� �P�E�E�K�,� �a�n�d� �M�,�,� �i�s� �w�e�i�g�h�t�-�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�.� �U�s�i�n�g� �t�h�e� �M�a�r�k�-�H�o�u�w�i�n�k� �e�q�u�a�t�i�o�n�,� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �a� 

�P�E�E�K� �p�o�l�y�m�e�r� �c�a�n� �b�e� �c�a�l�c�u�l�a�t�e�d� �b�y� �m�e�a�s�u�r�i�n�g� �i�t�s� �i�n�t�r�i�n�s�i�c� �v�i�s�c�o�s�i�t�y�.� 

�1�.�5� �C�o�m�p�o�s�i�t�e� �M�a�t�e�r�i�a�l�s� 

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

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

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

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

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

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

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

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

�f�i�b�e�r�s� �a�n�d� �a�r�o�m�a�t�i�c� �p�o�l�y�a�m�i�d�e�s� �(�K�e�v�l�a�r�)�.� �T�h�e�s�e� �f�i�b�e�r�s� �a�r�e� �o�f� �l�o�w� �d�e�n�s�i�t�y� �(�1�.�4�4�-�2�.�7� �g�/�c�m�?�)� 

�a�n�d� �e�x�t�r�e�m�e�l�y� �h�i�g�h� �s�t�r�e�n�g�t�h�s� �(�3�-�4�.�5� �G�P�a�)� �a�n�d� �m�o�d�u�l�i� �(�8�0�-�5�5�0� �G�P�a�)�.�2�6� �W�h�e�n� �c�o�m�b�i�n�e�d� 

�w�i�t�h� �a� �r�e�s�i�n�,� �t�h�e�s�e� �f�i�b�e�r�s�,� �w�h�i�c�h� �m�a�k�e� �u�p� �a�b�o�u�t� �5�5�-�7�0� �w�e�i�g�h�t� �o�r� �v�o�l�u�m�e� �%�,� �p�r�o�v�i�d�e� 

�2�0



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

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

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

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

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

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

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

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

�p�a�r�t�i�a�l� �l�i�s�t� �o�f� �a�d�v�a�n�t�a�g�e�s� �o�f� �p�o�l�y�m�e�r� �m�a�t�r�i�x� �c�o�m�p�o�s�i�t�e�s� �r�e�l�a�t�i�v�e� �t�o� �m�e�t�a�l�s� �f�o�l�l�o�w�s�:�2�7� 

�1�.� �L�o�w�e�r� �d�e�n�s�i�t�y� 

�2�.� �P�o�t�e�n�t�i�a�l� �i�n�c�r�e�a�s�e�d� �d�e�s�i�g�n� �f�l�e�x�i�b�i�l�i�t�y� 

�3�.� �B�e�t�t�e�r� �d�a�m�a�g�e� �t�o�l�e�r�a�n�c�e� 

�i�n�c�r�e�a�s�e�d� �i�m�p�a�c�t� �r�e�s�i�s�t�a�n�c�e� 

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

�g�r�e�a�t�e�r� �s�c�u�f�f� �r�e�s�i�s�t�a�n�c�e� 

�4�.� �B�e�t�t�e�r� �c�o�r�r�o�s�i�o�n� �r�e�s�i�s�t�a�n�c�e� 

�5�.� �H�i�g�h� �s�p�e�c�i�f�i�c� �s�t�r�e�n�g�t�h� �a�n�d� �s�t�i�f�f�n�e�s�s� 

�6�.� �L�o�w� �t�h�e�r�m�a�l� �c�o�e�f�f�i�c�i�e�n�t� �o�f� �e�x�p�a�n�s�i�o�n� 

�7�.� �B�e�t�t�e�r� �f�a�t�i�g�u�e� �r�e�s�i�s�t�a�n�c�e� 

�1�.�5�.�2� �C�o�m�p�o�s�i�t�e� �P�r�o�c�e�s�s�i�n�g� 

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

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

�2�1



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

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

�m�e�l�t�e�d� �r�e�s�i�n�s� �o�r� �r�e�s�i�n� �p�r�e�s�u�r�s�o�r�s�.� 

�T�h�e�r�m�o�p�l�a�s�t�i�c� �r�e�s�i�n�s� �h�a�v�e� �m�a�n�y� �p�o�t�e�n�t�i�a�l� �a�d�v�a�n�t�a�g�e�s� �o�v�e�r� �t�h�e�r�m�o�s�e�t�s�.�2�8� �A� 

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

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

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

�t�h�e�r�m�o�s�e�t�s�.� 

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

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

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

�s�u�c�h� �a�s� �m�-�c�r�e�s�o�l� �o�r� �p�o�s�s�i�b�l�y� �1�-�m�e�t�h�y�l�-�2�-�p�y�r�r�o�l�i�d�i�n�o�n�e� �(�N�M�P�)�.� �A�l�s�o�,� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

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

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

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

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

�s�u�s�p�e�n�s�i�o�n� �p�r�e�p�r�e�g�g�i�n�g�,� �h�a�v�e� �b�e�e�n� �d�e�v�e�l�o�p�e�d� �t�o� �c�i�r�c�u�m�v�e�n�t� �t�h�e�s�e� �p�r�o�b�l�e�m�s�.�2�9�-�3�3� �I�n� 

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

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

�t�h�e� �m�e�d�i�u�m� �i�n�s�t�e�a�d� �o�f� �t�o�x�i�c� �o�r�g�a�n�i�c� �s�o�l�v�e�n�t�s� �(�F�i�g�u�r�e� �1�.�1�3�)�.�3�3� �T�h�i�s� �t�e�c�h�n�i�q�u�e� �r�e�q�u�i�r�e�s� �t�h�a�t� 

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

�s�t�a�b�l�e� �a�q�u�e�o�u�s� �s�u�s�p�e�n�s�i�o�n�.� �I�f� �t�h�e� �p�a�r�t�i�c�l�e� �s�i�z�e� �i�s� �l�e�s�s� �t�h�a�n� �~� �1� �m�i�c�r�o�n� �i�n� �d�i�a�m�e�t�e�r�,� �t�h�i�s� 

�m�e�t�h�o�d� �m�a�y� �h�a�v�e� �p�o�t�e�n�t�i�a�l� �f�o�r� �d�i�r�e�c�t�l�y� �p�r�e�p�r�e�g�g�i�n�g� �w�o�v�e�n� �c�l�o�t�h�.�3�4� 
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�F�i�g�u�r�e� �1�.�1�3� �A�q�u�e�o�u�s� �d�i�s�p�e�r�s�i�o�n� �p�r�e�p�r�e�g�g�i�n�g�:� �(�a�)� �D�r�u�m�w�i�n�d�e�r�;� �(�b�)� �r�e�s�i�n� �p�o�t�3�3� 
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�F�i�g�u�r�e� �1�.�1�4� �P�r�o�c�e�s�s� �d�i�a�g�r�a�m� �f�o�r� �e�l�e�c�t�r�o�s�t�a�t�i�c� �p�r�e�p�r�e�g�g�i�n�g� �o�f� �c�o�m�p�o�s�i�t�e�s�2�8� 
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�t�e�n�s�i�o�n� �c�o�n�t�r�o�l� � � 
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�I�n� �e�l�e�c�t�r�o�s�t�a�t�i�c� �p�r�e�p�r�e�r�g�g�i�n�g�,� �t�h�e� �m�a�t�r�i�x� �r�e�s�i�n� �i�s� �c�o�a�t�e�d� �o�n�t�o� �t�h�e� �c�o�n�t�i�n�o�u�s� �c�a�r�b�o�n� 

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

�e�l�e�c�t�r�i�c�a�l� �c�u�r�r�e�n�t� �a�c�r�o�s�s� �t�h�e� �f�i�b�e�r�s� �(�F�i�g�u�r�e� �1�.�1�4�)�.�2�8� �T�h�i�s� �m�e�t�h�o�d� �i�s� �s�o�l�v�e�n�t� �f�r�e�e�,� �a�n�d� �d�o�e�s� 

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

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

�b�e�t�w�e�e�n� �~� �5�0�-�8�0� �m�i�c�r�o�n�s� �i�n� �d�i�a�m�e�t�e�r�.� �W�i�t�h� �s�m�a�l�l�e�r� �s�i�z�e�s�,� �t�h�e� �p�a�r�t�i�c�l�e�s� �a�g�g�l�o�m�e�r�a�t�e�,� 

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

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

�1�.�6� �P�o�l�y�m�e�r� �A�d�s�o�r�p�t�i�o�n� �a�n�d� �S�t�a�b�i�l�i�z�a�t�i�o�n� 

�1�.�6�.�1� �P�o�l�y�m�e�r� �A�d�s�o�r�p�t�i�o�n� 

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

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

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

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

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

�p�r�e�s�e�n�t� �i�n� �a� �p�o�l�y�m�e�r� �c�h�a�i�n�.�3�5� 

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

�(�S�-�F�)� �m�e�a�n� �f�i�e�l�d� �t�h�e�o�r�y� �(�L�a�t�t�i�c�e� �t�h�e�o�r�y�)�3�6�3�7� �a�n�d� �s�c�a�l�i�n�g� �t�h�e�o�r�y�.�3�8� �T�h�e� �t�h�e�o�r�y� �p�r�o�p�o�s�e�d� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�m�i�n�u�s� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �e�n�e�r�g�y� �c�h�a�n�g�e� �f�o�r� �a� �s�o�l�v�e�n�t� �m�o�l�e�c�u�l�e� �i�n� �p�u�r�e� �s�o�l�v�e�n�t�.�3�?� 

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

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

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

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

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

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

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

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

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

�i�n�t�e�r�a�c�t�i�o�n� �(�x�)� �a�n�d� �p�o�l�y�m�e�r� �s�e�g�m�e�n�t�-�i�n�t�e�r�f�a�c�e� �i�n�t�e�r�a�c�t�i�o�n� �(�%�>�)�.� 
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�(�a�)� 

�L�o�o�p� �T�r�a�i�n� �T�a�i�l� 

�(�b�)� 

�T�a�i�l� �b�l�o�c�k� 

�A�n�c�h�a�r� �b�l�o�c�k� 

�a� 

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

�s�u�r�f�a�c�e�s�.� �(�a�)� �H�o�m�o�p�o�l�y�m�e�r�/�r�a�n�d�o�m� �c�o�p�o�l�y�m�e�r�;� �(�b�)� �D�i�b�l�o�c�k� �c�o�p�o�l�y�m�e�r� 
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�A�n� �a�d�s�o�r�b�e�d� �p�o�l�y�m�e�r� �m�o�l�e�c�u�l�e� �g�e�n�e�r�a�l�l�y� �h�a�s� �s�e�g�m�e�n�t�s� �a�r�r�a�n�g�e�d� �i�n� �l�o�o�p�s�,� �t�r�a�i�n�s�,� 

�t�a�i�l�s� �a�n�d� �b�r�i�d�g�e�s�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�.�1�5�.� �"�L�o�o�p�s�"� �a�r�e� �d�e�f�i�n�e�d� �a�s� �t�h�e� �s�t�r�e�t�c�h�e�s� �o�f� 

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

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

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

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

�w�h�i�l�e� �t�h�e� �o�t�h�e�r� �b�l�o�c�k� �a�s�s�u�m�e�s� �t�a�i�l� �c�o�n�f�o�r�m�a�t�i�o�n�s� �(�F�i�g�u�r�e� �1�.�1�5�)�.� 

�1�.�6�.�2� �D�i�f�f�e�r�e�n�c�e� �B�e�t�w�e�e�n� �P�o�l�y�m�e�r� �A�d�s�o�r�p�t�i�o�n� �a�n�d� �S�m�a�l�l� �M�o�l�e�c�u�l�e� �A�d�s�o�r�p�t�i�o�n� 

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

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

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

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

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

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

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

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

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

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

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

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

�1�.�6�.�3� �F�u�n�d�a�m�e�n�t�a�l� �F�e�a�t�u�r�e�s� �o�f� �P�o�l�y�m�e�r� �A�d�s�o�r�p�t�i�o�n� 
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�1�.� �E�f�f�e�c�t� �o�f� �t�h�e� �S�o�l�v�e�n�t� �o�n� �A�d�s�o�r�p�t�i�o�n� 

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

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

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

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

�s�o�l�v�e�n�t� �o�v�e�r� �t�h�e� �p�o�l�y�m�e�r� �c�h�a�i�n�.�4�°� �T�h�e� �o�s�m�o�t�i�c� �a�c�t�i�o�n� �o�f� �t�h�e� �s�o�l�v�e�n�t� �m�a�k�e�s� �t�h�e� �c�o�i�l� �s�w�e�l�l� 

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

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

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

�t�i�c� �=� �R�T�/�M� �+� �A�n�o� �+� �A�j�o�?� �+� �+� �E�q�.�1�.�3� 

�i�n� �w�h�i�c�h� �7� �i�s� �t�h�e� �o�s�m�o�t�i�c� �p�r�e�s�s�u�r�e�;� �c� �i�s� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �p�o�l�y�m�e�r� �i�n� �t�h�e� �s�o�l�u�t�i�o�n�;� �M� �i�s� 

�t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �t�h�e� �p�o�l�y�m�e�r�;� �a�n�d� �A�»� �a�n�d� �A�j� �a�r�e� �v�i�r�i�a�l� �c�o�e�f�f�i�c�i�e�n�t�s�.� �A�y�»� �(�t�h�e� 

�s�e�c�o�n�d� �v�i�r�i�a�l� �c�o�e�f�f�i�c�i�e�n�t�)� �i�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �F�l�o�r�y�-�H�u�g�g�i�n�s� �c�o�e�f�f�i�c�i�e�n�t� �x� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�e�s� 

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

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

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

�s�o�l�u�t�i�o�n�.� �|� �E�x�p�e�r�i�m�e�n�t�s�*�1�.�4�2� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�h�e� �i�n�t�r�i�n�s�i�c� �v�i�s�c�o�s�i�t�y� �c�h�a�n�g�e�s� 

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

�t�h�e� �p�o�w�e�r� �o�f� �t�h�e� �s�o�l�v�e�n�t�.� �I�n� �a� �p�o�o�r� �s�o�l�v�e�n�t�,� �m�o�r�e� �m�a�c�r�o�m�o�l�e�c�u�l�e�s� �a�r�e� �a�d�s�o�r�b�e�d� �b�e�c�a�u�s�e�:� 

�1�)� �T�h�e� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �a�r�e� �m�o�r�e� �c�o�i�l�e�d� �a�s� �i�f� �t�h�e�i�r� �s�i�z�e�s� �a�r�e� �s�m�a�l�l�e�r�;� �a�n�d� �2�)� �T�h�e� �w�e�a�k�e�r� 

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

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

�2�9



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

�a�d�s�o�r�p�t�i�o�n� �w�i�l�l� �b�e� �l�o�w�e�r�.� 

�2�.� �E�f�f�e�c�t� �o�f� �T�e�m�p�e�r�a�t�u�r�e� �o�n� �A�d�s�o�r�p�t�i�o�n� 

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

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

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

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

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

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

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

�3�.� �E�f�f�e�c�t� �o�f� �M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t� �o�n� �A�d�s�o�r�p�t�i�o�n� 

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

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

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

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

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

�w�e�i�g�h�t�.� 

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

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

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

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

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

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

�c�o�m�p�e�t�i�t�i�v�e� �a�d�s�o�r�p�t�i�o�n�.�4�3�.�4�4� �B�e�c�a�u�s�e� �o�f� �t�h�i�s� �c�o�m�p�e�t�i�t�i�v�e� �a�d�s�o�r�p�t�i�o�n� �o�f� �s�m�a�l�l�e�r� �v�s�.� �l�a�r�g�e�r� 

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

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

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

�t�h�o�s�e� �f�o�r� �t�h�e� �m�o�n�o�d�i�s�p�e�r�s�e� �s�y�s�t�e�m�s�.� 

�1�.�6�.�4� �P�o�l�y�m�e�r� �S�t�a�b�i�l�i�z�a�t�i�o�n� �o�f� �C�o�l�l�o�i�d�a�l� �D�i�s�p�e�r�s�i�o�n�s� 

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

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

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

�t�h�a�n� �t�h�e� �c�r�i�t�i�c�a�l� �a�d�s�o�r�p�t�i�o�n� �e�n�e�r�g�y�.� �A�s� �d�i�s�c�u�s�s�e�d� �i�n� �s�e�c�t�i�o�n� �1�.�6�.�1�,� �t�h�e� �c�r�i�t�i�c�a�l� �a�d�s�o�r�p�t�i�o�n� 

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

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

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

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

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

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

�f�o�r�c�e� �b�e�t�w�e�e�n� �p�a�r�t�i�c�l�e�s�.�3�5� 

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

�c�o�m�b�i�n�a�t�i�o�n� �o�f� �b�o�t�h� �(�F�i�g�u�r�e� �1�.�1�6�)�.� �I�n� �o�r�d�e�r� �t�o� �p�r�e�v�e�n�t� �p�a�r�t�i�c�l�e�s� �f�r�o�m� �c�o�a�g�u�l�a�t�i�n�g�,� 

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

�d�e�r� �W�a�a�l�s� �a�t�t�r�a�c�t�i�v�e� �f�o�r�c�e�s� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t� �(�e�.�g�.�,� �5�-�1�0� �n�m�)�.�4�>� �F�o�r� �e�l�e�c�t�r�o�s�t�a�t�i�c� �s�t�a�b�i�l�i�z�a�t�i�o�n� 

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

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

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

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

�o�f� �l�i�n�e�a�r� �c�a�r�b�o�n� �b�a�c�k�b�o�n�e� �p�o�l�y�m�e�r�s� �i�s� �g�i�v�e�n� �r�o�u�g�h�l�y� �b�y� �<�r�2�>�9�-�5�(�n�m�)� �~� �0�.�0�6�M�®�°� �(�6� 

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

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

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

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

�c�o�l�l�o�i�d�a�l� �p�a�r�t�i�c�l�e�s�.�4�9�-�4�7� �A�n� �i�m�p�o�r�t�a�n�t� �t�h�e�o�r�y�,� �t�h�e� �m�o�d�i�f�i�e�d� �D�e�r�y�a�g�a�i�n�-�L�a�n�d�a�u�-�V�e�r�w�e�y�-� 

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

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

�t�o�t�a�l� �p�a�i�r� �p�o�t�e�n�t�i�a�l� �i�n�t�e�r�a�c�t�i�o�n� �e�n�e�r�g�y� �b�e�t�w�e�e�n� �p�a�r�t�i�c�l�e�s�:�4�5�-�4�8� 

�V�i�(�h�)� �=� �V�a�(�h�)� �+� �V�e�(�h�)� �+� �V�s�(�h�)� �E�q�.� �1�.�4� 

�3�2



� � 
�F�i�g�u�r�e� �1�.�1�6� �P�o�l�y�m�e�r�i�c� �s�t�a�b�i�l�i�z�a�t�i�o�n�:� �a�)� �S�t�e�r�i�c� �s�t�a�b�i�l�i�z�a�t�i�o�n�;� �b�)� �E�l�e�c�t�r�o�s�t�a�t�i�c� �s�t�a�b�i�l�i�z�a�t�i�o�n�;� 
�c�)� �C�o�m�b�i�n�a�t�i�o�n� �o�f� �s�t�e�r�i�c� �a�n�d� �e�l�e�c�t�r�o�s�t�a�t�i�c� �s�t�a�b�i�l�i�z�a�t�i�o�n� 
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�i�n� �w�h�i�c�h�,� �V�r�,� �V�a�,� �V�z�,� �V�s� �=� �t�o�t�a�l� �p�a�i�r� �i�n�t�e�r�a�c�t�i�o�n� �p�o�t�e�n�t�i�a�l�,� �v�a�n� �d�e�r� �W�a�a�l�s� �a�t�t�r�a�c�t�i�o�n�,� 

�e�l�e�c�t�r�o�s�t�a�t�i�c� �r�e�p�u�l�s�i�o�n� �a�n�d� �s�t�e�r�i�c� �r�e�p�u�l�s�i�v�e� �p�o�t�e�n�t�i�a�l�s� �r�e�s�p�e�c�t�i�v�e�l�y�;� 

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

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

�d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �p�a�r�t�i�c�l�e�s�,� �t�h�e�r�e�f�o�r�e� �i�t� �i�s� �s�i�g�n�i�f�i�c�a�n�t� �o�n�l�y� �o�v�e�r� �v�e�r�y� �s�h�o�r�t� �d�i�s�t�a�n�c�e� �(�5�-�1�0� 

�n�m�) ��5�.� �T�h�e� �p�o�t�e�n�t�i�a�l� �e�n�e�r�g�y� �o�f� �a�t�t�r�a�c�t�i�o�n� �b�e�t�w�e�e�n� �t�w�o� �s�p�h�e�r�i�c�a�l� �p�a�r�t�i�c�l�e�s� �o�f� �m�a�t�e�r�i�a�l� �1� �i�n� 

�a� �l�i�q�u�i�d� �p�h�a�s�e� �o�f� �m�a�t�e�r�i�a�l� �2� �i�s� �g�i�v�e�n� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�o�r�m�:�4�?� 

�V�a� �=� �-�A�/�1�2� �{�(�x�2� �+� �2�x�y�l� �+� �(�x�2� �+� �2�x� �+� �1�)�)� �+� �Q�n�[�(�x�2� �+� �2�x�)�(�x�2� �+� �2�x� �+� �1�)�-�1�]�}� �E�q�.� �1�.�5� 

�F�o�r� �s�h�o�r�t� �d�i�s�t�a�n�c�e�s�,� �h�/�a� �<� �1�,� �t�h�i�s� �e�q�u�a�t�i�o�n� �c�a�n� �b�e� �a�p�p�r�o�x�i�m�a�t�e�d� �b�y�:�>�9� 

�V�a� �=� �-� �(�a�A�)�/�(�1�2�h�)� �E�q�.� �1�.�6� 

�w�h�e�r�e�,� �x� �=� �h�/�2�a�,� �a�n�d� �h� �=� �s�h�o�r�t�e�s�t� �i�n�t�e�r�s�u�r�f�a�c�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �p�a�r�t�i�c�l�e�s�,� �a� �=� �r�a�d�i�u�s� �o�f� �t�h�e� 

�p�a�r�t�i�c�l�e�s�,� �A� �=�t�h�e� �c�o�m�p�o�s�i�t�e� �H�a�m�a�k�e�r� �c�o�n�s�t�a�n�t�.� �A� �i�s� �g�i�v�e�n� �b�y�:� 

�A�=� �(� �A�,� �2� �.� �A�1�2�2� �E�q�.� �1�.�7� 

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

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

�a�n�d� �i�t� �i�n�c�r�e�a�s�e�s� �w�i�t�h� �t�h�e� �r�e�f�r�a�c�t�i�v�e� �i�n�d�e�x� �n�.� �A�s� �s�h�o�w�n� �i�n� �e�q�u�a�t�i�o�n� �1�.�7�,� �w�h�e�n� �t�h�e� �H�a�m�a�k�e�r� 

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

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

�a�r�e� �s�m�a�l�l�e�r� �(�e�q�u�a�t�i�o�n� �1�.�6�)�.� �T�y�p�i�c�a�l� �v�a�l�u�e�s� �f�o�r� �t�h�e� �H�a�m�a�k�e�r� �c�o�n�s�t�a�n�t� �f�o�r� �p�a�r�t�i�c�l�e�s� �i�n� �w�a�t�e�r� 
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�a�r�e� �0�.�3� �~� �1�x�1�0�-�2�9� �J� �f�o�r� �h�y�d�r�o�c�a�r�b�o�n� �p�a�r�t�i�c�l�e�s�,� �0�.�5� �~� �5�x�1�0�-�2�9� �J� �f�o�r� �o�x�i�d�e�s� �a�n�d� �h�a�l�i�d�e�s�,� �a�n�d� �5� 

�~� �3�0�x�1�0�-�2�9� �J� �f�o�r� �m�e�t�a�l� �p�a�r�t�i�c�l�e�s�.�5�°� �T�h�e�r�e�f�o�r�e�,� �i�t� �i�s� �e�a�s�i�e�r� �f�o�r� �h�y�d�r�o�c�a�r�b�o�n� �p�a�r�t�i�c�l�e�s� �t�o� �b�e� 

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

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

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

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

�t�h�e�s�e� �r�e�p�u�l�s�i�o�n� �f�o�r�c�e�s� �d�e�p�e�n�d� �o�n� �t�h�e� �t�h�i�c�k�n�e�s�s� �o�f� �t�h�e� �d�o�u�b�l�e�-�l�a�y�e�r� �(�x�!�)� �(�F�i�g�u�r�e�1�.�1�7�)�4�7�:� 

�«�7�l� �=� �[�(�e�k�T�)�/�(�2�e�2�1�)�]�/�2� �E�q�.� �1�.�8� 

�w�h�e�r�e� �¢� �i�s� �t�h�e� �d�i�e�l�e�c�t�r�i�c� �c�o�n�s�t�a�n�t� �o�f� �s�o�l�u�t�i�o�n�;� �k� �i�s� �t�h�e� �B�o�l�t�z�m�a�n�n�'�s� �c�o�n�s�t�a�n�t�;� �T� �i�s� �t�h�e� 

�t�e�m�p�e�r�a�t�u�r�e�;� �e� �i�s� �t�h�e� �e�l�e�c�t�r�o�n�i�c� �c�h�a�r�g�e�.� �I� �i�s� �t�h�e� �i�o�n�i�c� �s�t�r�e�n�g�t�h�,� �I� �=� �1�/�2�-�n�,�(�z�,�)�*�,� �w�h�e�r�e� �n�i�i�s� 

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

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

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

 ��t�h�e� �s�u�r�f�a�c�e�-�s�u�r�f�a�c�e� �d�i�s�t�a�n�c�e� �h�,� �a�n�d� �i�t� �c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �a�s� �f�o�l�l�o�w�s�:�4�9� 

�V�e�(�h�)� �=� �2�n�0�O�o�w�s�2�a�l�n�[�1� �+� �e�x�p�(�-�K�h�)�]� �K�a�>�1�0� �E�q�.� �1�.�9� 

�V�e�(�h�)� �=� �4�7�0�;�O�0�y�s�2�e�x�p�(�-�k�h�)�/�(�h�+� �2�a�)� �K�a�<�3� �E�q�.� �1�.�1�0� 

�F�o�r� �x�a� �v�a�l�u�e�s� �b�e�t�w�e�e�n� �3� �a�n�d� �1�0�,� �V�z� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� �b�y� �i�n�t�e�r�p�o�l�a�t�i�o�n�.� �w�s� �i�s� �t�h�e� �d�i�f�f�u�s�e� 

�l�a�y�e�r� �p�o�t�e�n�t�i�a�l�;� �0�:� �a�n�d� �O�o� �a�r�e� �t�h�e� �r�e�l�a�t�i�v�e� �p�e�r�m�i�t�t�i�v�i�t�y� �o�f� �t�h�e� �s�o�l�u�t�i�o�n� �p�h�a�s�e� �a�n�d� �t�h�a�t� �o�f� �f�r�e�e� 
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�s�p�a�c�e�.� �V�e� �i�s� �s�m�a�l�l� �w�h�e�n� �t�h�e� �i�o�n�i�c� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �m�e�d�i�u�m� �i�s� �h�i�g�h� �o�r� �t�h�e� �d�i�e�l�e�c�t�r�i�c� �c�o�n�s�t�a�n�t� 

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

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

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

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

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

�o�f� �c�o�n�t�o�u�r� �l�e�n�g�t�h� �L�.� �W�h�e�n� �h�<�2�L�,� �t�h�e� �t�w�o� �l�a�y�e�r�s� �i�n�t�e�r�a�c�t� �(�i�n�t�e�r�p�e�n�e�t�r�a�t�e� �o�r� �i�n�d�e�n�t�,� �o�r� 

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

�e�n�e�r�g�y� �c�h�a�n�g�e� �i�n� �t�h�e� �m�i�x�i�n�g� �o�f� �c�h�a�i�n� �s�e�g�m�e�n�t�s� �w�i�t�h� �s�o�l�v�e�n�t� �w�i�t�h�i�n� �a� �s�m�a�l�l� �v�o�l�u�m�e� �6�V� �c�a�n� 

�b�e� �e�s�t�i�m�a�t�e�d� �u�s�i�n�g� �t�h�e� �t�h�e�o�r�y� �o�f� �F�l�o�r�y� �a�n�d� �K�r�i�g�b�a�u�m�:�>�!� 

�8�(�A�G�m�)� �=� �(�K�T�/�V�)�E�(�x�-�1�)�6�,� �+� �(�0�.�5� �-� �0�2�]� �E�q�.� �1�.�1�1� 

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

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

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

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

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

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

�n�e�g�a�t�i�v�e� �b�a�s�e�d� �o�n� �d�i�f�f�e�r�e�n�t� �v�a�l�u�e�s� �o�f� �x� �a�n�d� �o�,� �(�E�q�.� �1�.�1�1�)�.� �W�h�e�n� �t�h�e� �m�i�x�i�n�g� �e�n�e�r�g�y� �i�s� 

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

�n�e�g�a�t�i�v�e�,� �i�t�s� �c�o�n�t�r�i�b�u�t�i�o�n� �t�o� �t�h�e� �s�t�e�r�i�c� �i�n�t�e�r�a�c�t�i�o�n� �i�s� �a�t�t�r�a�c�t�i�v�e�.� �I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� �m�i�x�i�n�g� 

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

�s�m�a�l�l� �s�e�p�a�r�a�t�i�o�n�s�,� �s�u�c�h� �a�s� �h� �<� �L�,� �t�h�e� �i�n�t�e�r�p�e�n�e�t�r�a�t�i�o�n� �o�r� �i�n�d�e�n�t�a�t�i�o�n� �b�e�t�w�e�e�n� �t�h�e� �a�d�s�o�r�b�e�d� 
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�m�i�n�i�m�u�m� �(�V�m�i�n�)� 

� � � 

�/� 
�v�a�n� �d�e�r� �W�a�a�l�s� 
�a�t�t�r�a�c�t�i�o�n� 
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� � 
�W�w� �D�i�s�t�a�n�c�e� 
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� � 
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�F�i�g�u�r�e� �1�.�1�9� �P�a�r�t�i�c�l�e�s� �i�n�t�e�r�a�c�t�i�o�n� �e�n�e�r�g�y� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �d�i�s�t�a�n�c�e�;� �(�A�)� �E�l�e�c�t�r�o�s�t�a�t�i�c� 

�s�t�a�b�i�l�i�z�a�t�i�o�n�;� �(�B�)� 

�c�o�m�b�i�n�a�t�i�o�n�.�4�5�,�4�8� 

�S�t�e�r�i�c� �s�t�a�b�i�l�i�z�a�t�i�o�n�;� �(�C�)� �E�l�e�c�t�r�o�s�t�a�t�i�c� �a�n�d� �s�t�e�r�i�c� �s�t�a�b�i�l�i�z�a�t�i�o�n� 
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�l�a�y�e�r�s� �r�e�s�u�l�t�s� �i�n� �l�o�s�s� �o�f� �c�o�n�f�i�g�u�r�a�t�i�o�n�a�l� �f�r�e�e�d�o�m� �e�x�p�e�r�i�e�n�c�e�d� �b�y� �t�h�e� �a�n�c�h�o�r�e�d� �c�h�a�i�n�s�.�4�/� 

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

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

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

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

�F�i�g�u�r�e� �1�.�1�9�4�5�.�4�8� �s�h�o�w�s� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �e�n�e�r�g�y� �b�e�t�w�e�e�n� �t�w�o� �p�a�r�t�i�c�l�e�s� �a�s� �a� �f�u�n�c�t�i�o�n� 

�o�f� �t�h�e� �d�i�s�t�a�n�c�e� �b�e�t�w�e�e�n� �p�a�r�t�i�c�l�e� �s�u�r�f�a�c�e�s�.�4�5�.�4�8� �F�o�r� �a� �s�u�s�p�e�n�s�i�o�n� �s�t�a�b�i�l�i�z�e�d� �b�y� �e�l�e�c�t�r�o�s�t�a�t�i�c� 

�f�o�r�c�e�s� �(�F�i�g�u�r�e� �1�.�1�9�a�)�,� �a� �p�r�i�m�a�r�y� �a�n�d� �a� �s�e�c�o�n�d�a�r�y� �e�n�e�r�g�y� �m�i�n�i�m�u�m� �e�x�i�s�t�.� �A�t� �t�h�e� �p�r�i�m�a�r�y� 

�m�i�n�i�m�u�m� �(�V�m�i�n�)�,� �p�a�r�t�i�c�l�e�s� �h�a�v�e� �s�t�r�o�n�g� �v�a�n� �d�e�r� �W�a�a�l�s� �a�t�t�r�a�c�t�i�o�n�s� �a�n�d� �w�i�l�l� �c�o�a�g�u�l�a�t�e�.� �A�t� 

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

�p�r�i�m�a�r�y� �m�a�x�i�m�u�m� �(�V�m�a�x�)� �s�e�r�v�e�s� �a�s� �a� �b�a�r�r�i�e�r� �t�o� �c�o�a�g�u�l�a�t�i�o�n�.� �A�n� �e�f�f�e�c�t�i�v�e� �e�l�e�c�t�r�o�s�t�a�t�i�c� 

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

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

�b�a�r�r�i�e�r� �i�s� �s�u�f�f�i�c�i�e�n�t�l�y� �l�a�r�g�e� �(�=� �2�5� �k�T�)�,�4�>� �t�h�e� �r�a�t�e� �o�f� �c�o�a�g�u�l�a�t�i�o�n� �w�i�l�l� �b�e� �s�o� �s�l�o�w� �t�h�a�t� �a� 

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

�1�.�6�.�5� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �A�q�u�e�o�u�s� �S�u�s�p�e�n�s�i�o�n�s� 

�1�.� �S�e�d�i�m�e�n�t�a�t�i�o�n� �E�x�p�e�r�i�m�e�n�t�s� 

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

�r�e�l�a�t�i�v�e� �t�o� �t�h�a�t� �o�f� �t�h�e� �l�i�q�u�i�d� �p�h�a�s�e�.� �H�o�w�e�v�e�r�,� �s�m�a�l�l� �p�a�r�t�i�c�l�e�s�,� �e�.�g�.�,� �d�i�a�m�e�t�e�r� �<� �1� �m�i�c�r�o�n�,� 

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

�t�h�e� �B�r�o�w�n�i�a�n� �m�o�t�i�o�n� �o�f� �t�h�e� �p�a�r�t�i�c�l�e�s�.� �D�e�n�s�i�t�y� �o�f� �P�E�E�K� �i�s� �a�b�o�u�t� �1�.�3� �g�/�m�L� �d�e�p�e�n�d�i�n�g� �o�n� 

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

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

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

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

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

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

�e�x�a�m�i�n�e�d� �b�y� �s�c�a�n�n�i�n�g� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�e�.� �F�i�g�u�r�e� �1�.�2�0� �s�h�o�w�s� �t�h�e� �s�c�a�n�n�i�n�g� �e�l�e�c�t�r�o�n� 

�m�i�c�r�o�g�r�a�p�h�s� �o�f� �t�h�e�s�e� �s�e�d�i�m�e�n�t�s�.�>�2� �S�t�a�b�l�e� �s�u�s�p�e�n�s�i�o�n�s� �(�C� �a�n�d� �L�)�,� �w�h�i�c�h� �w�e�r�e� �s�t�a�b�i�l�i�z�e�d� �b�y� 

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

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

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

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

�2�.� �T�u�r�b�i�d�i�t�y� �M�e�a�s�u�r�e�m�e�n�t� 

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

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

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

�d�i�s�p�e�r�s�i�o�n�s�.�4�9�.�9�3�-�5�5� �T�h�e� �r�a�t�e� �o�f� �c�o�a�g�u�l�a�t�i�o�n� �d�e�p�e�n�d�s� �o�n� �t�h�e� �c�o�l�l�i�s�i�o�n� �f�r�e�q�u�e�n�c�y� �o�f� 

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

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

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

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

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

�t�h�e� �s�u�s�p�e�n�s�i�o�n� �c�o�a�g�u�l�a�t�e�s�,� �t�h�e� �l�e�s�s� �s�t�a�b�l�e� �t�h�e� �s�u�s�p�e�n�s�i�o�n�.� 
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� � 
�F�i�g�u�r�e� �1�.�2�0� �S�c�a�n�n�i�n�g� �e�l�e�c�t�r�o�n� �m�i�c�r�o�g�r�a�p�h�s� �o�f� �p�o�l�y�s�t�y�r�e�n�e� �s�e�d�i�m�e�n�t�s� �s�t�a�b�i�l�i�z�e�d� �b�y� �P�V�A� 

�f�r�a�c�t�i�o�n�s�:� �(�C�)� �M�W�t� �=� �4�3�,�0�0�0�;� �(�L�)� �M�W�t� �=� �2�8�,�0�0�0�;� �(�0�)� �M�W�t� �=� �8�,�0�0�0�.�5�2� 
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�C�h�a�p�t�e�r� �2�.� �E�x�p�e�r�i�m�e�n�t�a�l� 

�2�.�1� �S�o�l�v�e�n�t�s� �a�n�d� �P�u�r�i�f�i�c�a�t�i�o�n� 

�2�.�1�.�1� �T�e�t�r�a�h�y�d�r�o�f�u�r�a�n� �(�T�H�F�)�:� �H�P�L�C� �g�r�a�d�e� �t�e�t�r�a�h�y�d�r�o�f�u�r�a�n� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� 

�M�a�l�l�i�n�c�k�r�o�d�t� �a�n�d� �u�s�e�d� �a�s� �r�e�c�e�i�v�e�d�.� �(�b�.�p�.� �6�7�°�C�)� 

�L�o� �O� 

�2�.�1�.�2� �T�o�l�u�e�n�e�:� �T�o�l�u�e�n�e�,� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �E�M� �S�c�i�e�n�c�e�,� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �w�a�s�h�i�n�g� �8�0�0� �m�L� 

�w�i�t�h� �6�0� �m�L� �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�w�i�c�e�.� �T�h�e� �r�e�s�i�d�u�a�l� �s�u�l�f�u�r�i�c� �a�c�i�d� �w�a�s� �r�e�m�o�v�e�d� �b�y� 

�w�a�s�h�i�n�g� �t�w�i�c�e� �w�i�t�h� �w�a�t�e�r� �(�1�0�0� �m�L� �e�a�c�h�)� �f�o�l�l�o�w�e�d� �b�y� �a� �s�a�t�u�r�a�t�e�d� �s�o�d�i�u�m� �b�i�c�a�r�b�o�n�a�t�e� 

�s�o�l�u�t�i�o�n� �u�n�t�i�l� �b�a�s�i�c� �(�3�x�5�0� �m�L�)�.� �1�0�0� �m�L� �w�a�t�e�r� �w�a�s� �u�s�e�d� �f�o�r� �t�h�e� �f�i�n�a�l� �w�a�s�h�i�n�g�.� �T�h�e� 

�t�o�l�u�e�n�e� �w�a�s� �s�t�i�r�r�e�d� �o�v�e�r� �m�a�g�n�e�s�i�u�m� �s�u�l�f�a�t�e� �i�n� �a�n� �E�r�l�e�n�m�e�y�e�r� �f�l�a�s�k� �(�2�-�4� �h�o�u�r�s�)� �t�h�e�n� 

�d�e�c�a�n�t�e�d� �i�n�t�o� �a�n�o�t�h�e�r� �f�l�a�s�k� �a�n�d� �s�t�i�r�r�e�d� �w�i�t�h� �p�h�o�s�p�h�o�r�o�u�s� �p�e�n�t�o�x�i�d�e� �f�o�r� �a�n� �a�d�d�i�t�i�o�n�a�l� �8� 

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

�p�u�r�g�e�.� �(�b�.�p�.� �1�1�1�°�C�/�7�6�0� �m�m� �H�g�)� 

�C�H�,� 

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

�r�e�c�e�i�v�e�d�.� �(�b�.�p�.� �2�0�5�°�C�/� �7�6�0� �m�m� �H�g�)� 
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�N ��C� �H�3� 

�2�.�1�.�4� �W�a�t�e�r� �(�H�,�O�)�:� �W�a�t�e�r� �w�a�s� �p�u�r�i�f�i�e�d� �b�y� �u�s�i�n�g� �a� �B�a�r�n�s�t�e�a�d� �N�A�N�O�P�U�R�E� �I�I� �d�e�i�o�n�i�z�e�r� 

�u�n�t�i�l� �t�h�e� �m�e�a�s�u�r�e�d� �r�e�s�i�s�t�a�n�c�e� �w�a�s� �g�r�e�a�t�e�r� �t�h�a�n� �1�7� �o�h�m�s�.� �T�h�i�s� �w�a�s� �p�a�r�t�i�c�u�l�a�r�l�y� �c�r�i�t�i�c�a�l� �f�o�r� 

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

�2�.�1�.�5� �D�e�u�t�e�r�a�t�e�d� �C�h�l�o�r�o�f�o�r�m� �(�C�D�C�I�3�)�:� �C�D�C�I�3�>� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �C�a�m�b�r�i�d�g�e� �I�s�o�t�o�p�e� 

�L�a�b�o�r�a�t�o�r�i�e�s�,� �w�a�s� �u�s�e�d� �a�s� �r�e�c�e�i�v�e�d�.� �I�t� �w�a�s� �u�s�e�d� �a�s� �a�n� �N�M�R� �s�o�l�v�e�n�t�,� �o�f�t�e�n� �w�i�t�h� �0�.�0�5�%� 

�T�M�S� �a�s� �a�n� �i�n�t�e�r�n�a�l� �r�e�f�e�r�e�n�c�e�.� 

�2�.�1�.�6� �N�,�N�-�D�i�m�e�t�h�y�l�a�c�e�t�a�m�i�d�e� �(�D�M�A�c�)�:�,� �D�M�A�c�,� �o�b�t�a�i�n�e�d� �f�r�o�m� �F�i�s�h�e�r�,� �w�a�s� �s�t�i�r�r�e�d� �w�i�t�h� 

�c�a�l�c�i�u�m� �h�y�d�r�i�d�e� �f�o�r� �8� �h�o�u�r�s� �f�o�l�l�o�w�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�b�o�u�t� �2�0�0� 

�m�i�l�l�i�t�o�r�r�)�.� �(�b�.�p�.� �1�6�4�.�5� �-�1�6�6�°�C�)� 

�O� 
�C�H�a�.� �|� 

�C�H�;� 

�2�.�1�.�7� �H�e�x�a�n�e� �(�C�g�H�)�4�)�:� �H�e�x�a�n�e�,� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �E�M� �S�c�i�e�n�c�e�,� �w�a�s� �u�s�e�d� �a�s� �r�e�c�e�i�v�e�d�.� �I�t� 

�w�a�s� �u�s�e�d� �a�s� �a� �c�o�s�o�l�v�e�n�t� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �T�L�C� �p�l�a�t�e�s�.� �(�b�.�p�.� �6�8�-�6�9�°�C�)� 
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�2�.�1�.�8� �E�t�h�y�l� �A�c�e�t�a�t�e� �(�C�H�;�C�O�O�C�,�H�s�)�:� �E�t�h�y�l� �a�c�e�t�a�t�e�,� �o�b�t�a�i�n�e�d� �f�r�o�m� �F�i�s�h�e�r�,� �w�a�s� �u�s�e�d� �a�s� 

�r�e�c�e�i�v�e�d�.� �I�t� �w�a�s� �u�s�e�d� �a�s� �a� �c�o�s�o�l�v�e�n�t� �f�o�r� �d�e�v�e�l�o�p�i�n�g� �T�L�C� �p�l�a�t�e�s�.� �(�b�.�p�.� �7�7�.�2�°�C�)� 

�2�.�2� �R�e�a�g�e�n�t�s� �a�n�d� �P�u�r�i�f�i�c�a�t�i�o�n� 

�2�.�2�.�1� �H�y�d�r�o�c�h�l�o�r�i�c� �A�c�i�d� �(�H�C�I�)�:� �1�2�.�1� �N� �h�y�d�r�o�c�h�l�o�r�i�c� �a�c�i�d� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �E�M� �S�c�i�e�n�c�e� 

�a�n�d� �u�s�e�d� �a�s� �r�e�c�e�i�v�e�d�.� 

�2�.�2�.�2� �A�n�i�l�i�n�e�:� �A�n�i�l�i�n�e�,� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �A�l�d�r�i�c�h�,� �w�a�s� �d�r�i�e�d� �o�v�e�r� �c�a�l�c�i�u�m� �h�y�d�r�i�d�e� �a�n�d� 

�t�i�n�(�I�I�)� �c�h�l�o�r�i�d�e� �f�o�r� �8� �h�o�u�r�s� �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� �(�a�b�o�u�t� �2�0�0� �m�i�l�l�i�t�o�r�r�)�.� 

�(�b�.�p�.� �1�8�4�°�C�)� 

�N�H�>� 

�2�.�2�.�3� �M�o�l�e�c�u�l�a�r� �S�i�e�v�e�s�:� �4�A� �m�o�l�e�c�u�l�a�r� �s�i�e�v�e�s�,� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �F�i�s�h�e�r�,� �w�e�r�e� �d�r�i�e�d� �f�o�r� �a�t� 

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

�2�.�2�.�4� �P�o�t�a�s�s�i�u�m� �C�a�r�b�o�n�a�t�e� �(�K�,�C�O�3�)�:� �F�i�s�h�e�r� �b�r�a�n�d� �K�,�C�O�3�,� �u�s�e�d� �i�n� �p�o�l�y�(�a�r�y�l�e�n�e� �e�t�h�e�r�)� 

�s�y�n�t�h�e�s�e�s�,� �w�a�s� �d�r�i�e�d� �u�n�d�e�r� �v�a�c�u�u�m� �a�t� �1�8�0�°�C� �f�o�r� �8� �h�o�u�r�s� �p�r�i�o�r� �t�o� �u�s�e�.� 

�2�.�2�.�5� �G�l�a�c�i�a�l� �A�c�e�t�i�c� �A�c�i�d� �(�C�H�;�C�O�O�H�)�:� �G�l�a�c�i�a�l� �a�c�e�t�i�c� �a�c�i�d�,� �o�b�t�a�i�n�e�d� �f�r�o�m� �F�i�s�h�e�r�,� �w�a�s� 

�u�s�e�d� �a�s� �r�e�c�e�i�v�e�d�.� �(�b�.�p�.� �1�1�6�-�1�1�8�°�C�)� 
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�2�.�2�.�6� �P�o�l�y�(�e�t�h�e�r� �e�t�h�e�r� �k�e�t�o�n�e�)� �P�a�r�t�i�c�l�e�s�:� �P�E�E�K� �p�a�r�t�i�c�l�e�s� �w�i�t�h� �a� �d�i�a�m�e�t�e�r� �o�f� �1�2� �m�i�c�r�o�n�s�,� 

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

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

�O�-�O�-�O�s� 
�2�.�2�.�7� �T�r�i�t�o�n� �X�-�1�0�0�:� �T�r�i�t�o�n� �X�-�1�0�0�,� �o�b�t�a�i�n�e�d� �f�r�o�m� �A�l�d�r�i�c�h�,� �w�a�s� �u�s�e�d� �a�s� �a�n� �a�q�u�e�o�u�s� 

�s�u�s�p�e�n�s�i�o�n� �s�t�a�b�i�l�i�z�e�r� �f�o�r� �P�E�E�K� �p�a�r�t�i�c�l�e�s�.� 

�C�H�,� �C�H�s� 

�C�H�;� �C�H�;� 

�x� �=� �1�0� �(�a�v�e�r�a�g�e�)� 

�2�.�3� �M�o�n�o�m�e�r� �P�u�r�i�f�i�c�a�t�i�o�n� 

�2�.�3�.�1� �4�,�4�'�-�D�i�f�l�u�o�r�o�b�e�n�z�o�p�h�e�n�o�n�e� �(�D�F�B�P�)�:� �D�F�B�P� �w�a�s� �k�i�n�d�l�y� �p�r�o�v�i�d�e�d� �b�y� �I�C�I� �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� �e�t�h�a�n�o�l� �f�o�l�l�o�w�e�d� �b�y� �d�r�y�i�n�g� �i�n� �a� �v�a�c�u�u�m� �o�v�e�n� �a�t� �a�b�o�u�t� �9�0�°�C� 

�o�v�e�r�n�i�g�h�t�.� �(�F�W� �=� �2�1�8�.�2�0� �a�m�u�;� �m�.�p�.� �1�0�2�-�1�0�5�°�C�)� 

�O� �-�O�L�O�-� 
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�2�.�3�.�2� �H�y�d�r�o�q�u�i�n�o�n�e� �(�H�Q�)�:� �G�o�l�d� �L�a�b�e�l� �h�y�d�r�o�q�u�i�n�o�n�e� �(�©�9�9�.�9�%� �p�u�r�i�t�y�)� �w�a�s� �p�u�r�c�h�a�s�e�d� 

�f�r�o�m� �A�l�d�r�i�c�h� �a�n�d� �u�s�e�d� �a�s� �r�e�c�e�i�v�e�d�.� �(�F�W� �=� �1�1�0�.�1�1� �a�m�u�;� �m�.�p�.� �1�7�4�.�4�-�1�7�6�.�6�°�C�)� 

�2�.�3�.�3� �2�,�6�-�D�i�c�h�l�o�r�o�p�y�r�i�d�i�n�e�:� �2�,�6�-�D�i�c�h�l�o�r�o�p�y�r�i�d�i�n�e� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �A�l�d�r�i�c�h�,� 

�r�e�c�r�y�s�t�a�l�l�i�z�e�d� �f�r�o�m� �e�t�h�a�n�o�l�,� �a�n�d� �v�a�c�u�u�m� �d�r�i�e�d� �a�t� �5�0�°�C� �p�r�i�o�r� �t�o� �u�s�e�.� �(�F�W� �=� �1�4�7�.�9�9� �a�m�u�;� 

�m�.�p�.� �8�7�-�8�8�°�C�)� 

�C�L� �o�N� �C�I� 

�O� 

�2�.�4� �S�y�n�t�h�e�s�i�s� �o�f� �M�o�n�o�m�e�r� �a�n�d� �P�o�l�y�m�e�r� 

�2�.�4�.�1� �S�y�n�t�h�e�s�i�s� �o�f� �4�,�4�'�-�D�i�f�l�u�o�r�o�(�N�-�b�e�n�z�o�h�y�d�r�o�x�y�l�i�d�e�n�e� �a�n�i�l�i�n�e�)� �(�k�e�t�i�m�i�n�e� �m�o�n�o�m�e�r�)�:� 

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

�b�y� �A�.� �B�r�i�n�k� �i�n� �P�r�o�f�.� �R�i�f�f�l�e�'�s� �l�a�b�o�r�a�t�o�r�i�e�s�.�5�©� �1�2�0� �g� �(�0�.�5�5� �m�o�l�e�s�)� �o�f� �4�,�4�'�-� 

�d�i�f�l�u�o�r�o�b�e�n�z�o�p�h�e�n�o�n�e� �a�n�d� �8�0� �m�L� �(�0�.�8�8� �m�o�l�e�s�)� �o�f� �a�n�i�l�i�n�e� �w�e�r�e� �a�d�d�e�d� �i�n�t�o� �a� �1�0�0�0� �m�L� 

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

�S�t�a�r�k� �t�r�a�p� �a�n�d� �a� �c�o�n�d�e�n�s�e�r�.� �T�h�e�n� �5�0�0� �m�L� �o�f� �t�o�l�u�e�n�e� �a�n�d� �3�0�0� �g� �o�f� �4�A� �m�o�l�e�c�u�l�a�r� �s�i�e�v�e�s� 

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

�1�0�0�%� �c�o�n�v�e�r�s�i�o�n� �t�o� �t�h�e� �k�e�t�i�m�i�n�e� �h�a�d� �o�c�c�u�r�r�e�d� �(�a�b�o�u�t� �2�4� �h�o�u�r�s�)� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �!�H� 

�N�M�R� �a�n�d� �T�h�i�n� �L�a�y�e�r� �C�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�T�L�C�)� �u�s�i�n�g� �a� �d�e�v�e�l�o�p�i�n�g� �s�o�l�v�e�n�t� �o�f� �e�t�h�y�l� �a�c�e�t�a�t�e� 

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

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

�a�n�d� �d�r�i�e�d� �a�t� �9�0�°�C� �u�n�d�e�r� �v�a�c�u�u�m� �t�o� �p�r�o�v�i�d�e� �a� �p�u�r�e� �y�e�l�l�o�w� �c�r�y�s�t�a�l�l�i�n�e� �m�a�t�e�r�i�a�l� �w�i�t�h� �m�e�l�t�i�n�g� 

�p�o�i�n�t� �o�f� �1�1�4�-�1�1�5�°�C� �a�t� �a� �y�i�e�l�d� �o�f� �7�0�%�.� 

�2�.�4�.�2� �S�y�n�t�h�e�s�i�s� �o�f� �P�o�l�y�(�e�t�h�e�r� �e�t�h�e�r� �k�e�t�i�m�i�n�e�)� �(�P�E�E�K�t�)�:� �S�y�n�t�h�e�s�i�s� �o�f� �p�o�l�y�(�e�t�h�e�r� �e�t�h�e�r� 

�k�e�t�i�m�i�n�e�)� �f�o�l�l�o�w�s� �t�h�e� �p�r�o�c�e�d�u�r�e� �d�e�v�e�l�o�p�e�d� �b�y� �A�.� �B�r�i�n�k� �i�n� �o�u�r� �l�a�b�o�r�a�t�o�r�i�e�s�.�°�©� �I�t� �w�a�s� 

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

�w�a�s� �c�o�n�t�r�o�l�l�e�d� �t�o� �2�0�,�0�0�0� �g�/�m�o�l� �b�y� �o�f�f�s�e�t�t�i�n�g� �t�h�e� �s�t�o�i�c�h�i�o�m�e�t�r�y� �u�s�i�n�g� �t�h�e� �C�a�r�o�t�h�e�r�'�s� 

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

�F�i�r�s�t�,� �3�.�3�.� �g� �(�0�.�0�3� �m�o�l�e�s�)� �o�f� �h�y�d�r�o�q�u�i�n�o�n�e�,� �8�.�6�3� �g� �(�0�.�0�2�9�5� �m�o�l�e�s�)� �o�f� �4�,�4�'�-� 

�d�i�f�l�u�o�r�o�(�N�-�b�e�n�z�o�h�y�d�r�o�x�y�l�i�d�e�n�e� �a�n�i�l�i�n�e�)� �a�n�d� �6�.�2�2� �g� �(�0�.�0�4�5� �m�o�l�e�s�)� �o�f� �p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e� 

�w�e�r�e� �d�i�s�s�o�l�v�e�d� �i�n� �6�0� �m�L� �o�f� �N�M�P� �i�n� �a� �2�5�0� �m�L� �f�o�u�r�-�n�e�c�k�e�d� �r�o�u�n�d�-�b�o�t�t�o�m�e�d� �f�l�a�s�k� 

�e�q�u�i�p�p�e�d� �w�i�t�h� �a� �c�o�n�d�e�n�s�e�r�,� �D�e�a�n� �S�t�a�r�k� �t�r�a�p�,� �o�v�e�r�h�e�a�d� �s�t�i�r�r�e�r� �a�n�d� �n�i�t�r�o�g�e�n� �i�n�l�e�t�.� �T�h�e�n� �4�0� 

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

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

�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�7�0�°�C� �t�o� �r�e�a�c�t� �f�o�r� �1�2� �h�o�u�r�s�.� �A�f�t�e�r� �r�e�a�c�t�i�o�n� �w�a�s� �c�o�m�p�l�e�t�e�,� 

�t�h�e� �r�e�a�c�t�i�o�n� �w�a�s� �c�o�o�l�e�d�,� �t�h�e� �s�o�l�u�t�i�o�n� �w�a�s� �d�i�l�u�t�e�d� �w�i�t�h� �t�e�t�r�a�h�y�d�r�o�f�u�r�a�n� �(�a�b�o�u�t� �4�0� �m�L�)� �a�n�d� 

�n�e�u�t�r�a�l�i�z�e�d� �w�i�t�h� �2�.�5� �m�L� �o�f� �g�l�a�c�i�a�l� �a�c�e�t�i�c� �a�c�i�d�.� �F�i�n�a�l�l�y�,� �t�h�i�s� �s�o�l�u�t�i�o�n� �w�a�s� �p�r�e�c�i�p�i�t�a�t�e�d� �i�n�t�o� �a� 

�m�i�x�t�u�r�e� �o�f� �m�e�t�h�a�n�o�l� �a�n�d� �w�a�t�e�r� �(�8�0�:�2�0� �b�y� �v�o�l�.�)�,� �s�o�x�h�l�e�t� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �m�e�t�h�a�n�o�l�,� �a�n�d� �d�r�i�e�d� 

�u�n�d�e�r� �v�a�c�u�u�m� �a�t� �6�0�°�C� �f�o�r� �8� �h�o�u�r�s� �f�o�l�l�o�w�e�d� �b�y� �1�4�0�°�C� �o�v�e�r�n�i�g�h�t�.� 

�2�.�4�.�3� �S�y�n�t�h�e�s�i�s� �o�f� �P�o�l�y�(�p�y�r�i�d�i�n�e� �e�t�h�e�r�-�c�o�-�e�t�h�e�r� �e�t�h�e�r� �k�e�t�i�m�i�n�e�)�:� �T�h�e� �p�r�o�c�e�d�u�r�e� �o�f� 

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

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

�p�o�l�a�r� �a�p�r�o�t�i�c� �s�o�l�v�e�n�t�.� �T�h�i�s� �c�o�p�o�l�y�m�e�r� �c�o�n�t�a�i�n�s� �8�0� �m�o�l�e� �p�e�r�c�e�n�t� �4�,�4�'�-�d�i�f�l�u�o�r�o�(�N�-� 

�b�e�n�z�o�h�y�d�r�o�x�y�l�i�d�e�n�e� �a�n�i�l�i�n�e�)� �a�n�d� �2�0� �m�o�l�e� �p�e�r�c�e�n�t� �2�,�6�-�d�i�c�h�l�o�r�o�p�y�r�i�d�i�n�e� �w�i�t�h� �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� �u�s�i�n�g� �a� �1�:�1� �s�t�o�i�c�h�i�o�m�e�t�r�y� �o�f� �t�h�e� �m�o�n�o�m�e�r�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� �c�o�p�o�l�y�m�e�r�s� �w�e�r�e� �a�l�s�o� �m�a�d�e� �i�n� �a� �s�i�m�i�l�a�r� �w�a�y� �u�s�i�n�g� �t�e�r�t�-�b�u�t�y�l�p�h�e�n�o�l� �a�s� �t�h�e� 

�e�n�d�c�a�p�p�i�n�g� �r�e�a�g�e�n�t�.� 

�5�.�5�0�5�6� �g� �H�y�d�r�o�q�u�i�n�o�n�e� �(�0�.�0�5�0�0� �m�o�l�e�s�)�,� �1�1�.�7�3�2�6� �g� �4�,�4�'�-�d�i�f�l�u�o�r�o�(�N�-� 

�b�e�n�z�o�h�y�d�r�o�x�y�l�i�d�e�n�e� �a�n�i�l�i�n�e�)� �(�0�.�0�4�0�0� �m�o�l�e�s�)� �a�n�d� �1�0�.�3�6�5�0� �g� �p�o�t�a�s�s�i�u�m� �c�a�r�b�o�n�a�t�e� �(�0�.�0�7�5�0� 

�m�o�l�e�s�)� �w�e�r�e� �d�i�s�s�o�l�v�e�d� �i�n� �9�0� �m�L� �o�f� �D�M�A�c� �i�n� �a� �f�o�u�r�-�n�e�c�k�e�d� �r�o�u�n�d�-�b�o�t�t�o�m�e�d� �f�l�a�s�k� 

�e�q�u�i�p�p�e�d� �w�i�t�h� �a� �D�e�a�n� �S�t�a�r�k� �t�r�a�p�,� �c�o�n�d�e�n�s�e�r�,� �n�i�t�r�o�g�e�n� �i�n�l�e�t�,� �o�v�e�r�h�e�a�d� �s�t�i�r�r�e�r� �a�n�d� 

�t�h�e�r�m�o�m�e�t�e�r�.� �5�0� �m�L� �t�o�l�u�e�n�e� �w�a�s� �a�d�d�e�d� �a�s� �a�n� �a�z�e�o�t�r�o�p�i�n�g� �a�g�e�n�t�.� �T�h�e� �s�y�s�t�e�m� �w�a�s� 

�d�e�h�y�d�r�a�t�e�d� �a�t� �1�4�0�°�C� �f�o�r� �t�h�r�e�e� �h�o�u�r�s� �f�o�l�l�o�w�e�d� �b�y� �r�a�i�s�i�n�g� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �t�o� �1�6�0�°�C�.� �O�n�c�e� 

�t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �e�q�u�i�l�i�b�r�a�t�e�d�,� �1�.�4�7�9�9� �g� �o�f� �2�.�6�-�d�i�c�h�l�o�r�o�p�y�r�i�d�i�n�e� �(�0�.�0�1�0�0� �m�o�l�e�s�)� �a�n�d� �3�0� 

�m�L� �o�f� �D�M�A�c� �w�e�r�e� �a�d�d�e�d�.� �T�h�e� �r�e�a�c�t�i�o�n� �m�i�x�t�u�r�e� �w�a�s� �a�l�l�o�w�e�d� �t�o� �r�e�a�c�t� �f�o�r� �3�5� �h�o�u�r�s� �a�t� �1�6�0� 

�°�C�,� �t�h�e�n� �p�r�e�c�i�p�i�t�a�t�e�d� �i�n�t�o� �m�e�t�h�a�n�o�l�/�w�a�t�e�r� �(�8�0�:�2�0�)� �a�n�d� �d�r�i�e�d� �a�t� �6�0�°�C� �u�n�d�e�r� �v�a�c�u�u�m� �f�o�r� �8� 

�h�o�u�r�s� �f�o�l�l�o�w�e�d� �b�y� �1�2�0�°�C� �o�v�e�r�n�i�g�h�t�.� 

�2�.�4�.�4� �H�y�d�r�o�l�y�s�i�s� �o�f� �P�o�l�y�(�e�t�h�e�r� �e�t�h�e�r� �k�e�t�i�m�i�n�e�)� �t�o� �P�o�l�y�(�e�t�h�e�r� �e�t�h�e�r� �k�e�t�o�n�e�)�:� �T�h�e� �f�o�l�l�o�w�i�n�g� 

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

�A�.� �B�r�i�n�k� �a�s� �a� �p�a�r�t� �o�f� �h�i�s� �P�h�.�D�.� �r�e�s�e�a�r�c�h�.�5�°� �T�h�e� �c�o�n�d�i�t�i�o�n�s� �o�f� �t�h�e� �a�c�i�d� �h�y�d�r�o�l�y�s�i�s� �a�r�e� �s�u�c�h� 

�t�h�a�t� �t�h�e� �p�y�r�i�d�i�n�e� �m�o�i�e�t�y� �i�n� �t�h�e� �b�a�c�k�b�o�n�e� �i�s� �a�l�s�o� �p�r�o�t�o�n�a�t�e�d� �d�u�r�i�n�g� �t�h�i�s� �p�r�o�c�e�d�u�r�e�.� 
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�2� �g� �o�f� �p�o�l�y�(�p�y�r�i�d�i�n�e� �e�t�h�e�r�-�c�o�-�e�t�h�e�r� �e�t�h�e�r� �k�e�t�i�m�i�n�e�)�,� �3�8� �m�L� �o�f� �N�M�P� �a�n�d� �1�.�6� �m�L� �o�f� 

�H�,�O� �w�e�r�e� �a�d�d�e�d� �i�n�t�o� �a� �f�l�a�s�k�,� �f�o�l�l�o�w�e�d� �b�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �t�o� �8�0�°�C�.� �O�n�c�e� �t�h�e� 

�m�i�x�t�u�r�e� �w�a�s� �h�o�m�o�g�e�n�e�o�u�s�,� �3� �m�L� �o�f� �a�n� �H�C�I�/�N�M�P� �s�o�l�u�t�i�o�n� �(�1� �p�a�r�t� �o�f� �1�2�.�1� �N� �a�q�u�e�o�u�s� �H�C�l� 

�i�n� �4� �p�a�r�t�s� �o�f� �N�M�P�)� �w�a�s� �a�d�d�e�d� �i�n�t�o� �t�h�e� �p�o�l�y�m�e�r� �s�o�l�u�t�i�o�n� �w�h�i�l�e� �s�t�i�r�r�i�n�g� �c�o�n�t�i�n�u�o�u�s�l�y�.� �T�h�e� 

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

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

�w�e�r�e� �r�e�s�u�s�p�e�n�d�e�d� �i�n� �w�a�t�e�r� �u�s�i�n�g� �a�n� �a�q�u�e�o�u�s� �s�u�s�p�e�n�s�i�o�n� �s�t�a�b�i�l�i�z�e�r�,� �T�r�i�t�o�n� �X�-�1�0�0�.� �T�h�e� 

�s�u�s�p�e�n�s�i�o�n� �w�a�s� �t�h�e�n� �s�o�n�i�c�a�t�e�d� �f�o�r� �3� �m�i�n�u�t�e�s� �a�t� �7�5� �w�a�t�t�s� �t�o� �b�r�e�a�k� �u�p� �a�n�y� �a�g�g�r�e�g�a�t�e�s�,� 

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

�d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �s�e�c�t�i�o�n�.� 

�2�.�5� �A�d�s�o�r�p�t�i�o�n� �E�x�p�e�r�i�m�e�n�t�s� 

�2�.�5�.�1� �T�i�m�e�-�d�e�p�e�n�d�e�n�t� �S�t�u�d�i�e�s�:� �T�h�e� �f�o�l�l�o�w�i�n�g� �e�x�a�m�p�l�e� �i�s� �a� �p�r�o�c�e�d�u�r�e� �f�o�r� �a�d�s�o�r�p�t�i�o�n� �o�f� 

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

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

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

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

�k�e�t�i�m�i�n�e� �o�f� �3�0�/�7�0� �a�n�d� �a� �t�a�r�g�e�t�e�d� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �2�5�,�0�0�0� �g�/�m�o�l�e�.� 

�8� �m�L� �o�f� �t�h�e� �s�t�a�b�i�l�i�z�e�r� �s�o�l�u�t�i�o�n� �o�f� �t�o�l�u�e�n�e� �c�o�n�t�a�i�n�i�n�g� �a� �c�o�n�s�t�a�n�t� �w�e�i�g�h�t� �o�f� �0�.�0�1�2�0� �g� 

�s�t�a�b�i�l�i�z�e�r� �a�n�d� �0�.�6� �g� �1�2� �m�i�c�r�o�n� �P�E�E�K� �p�a�r�t�i�c�l�e�s� �w�e�r�e� �c�h�a�r�g�e�d� �t�o� �a� �v�i�a�l�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� 

�s�o�n�i�c�a�t�e�d� �f�o�r� �3� �m�i�n�u�t�e�s� �a�t� �7�5� �w�a�t�t�s� �f�o�l�l�o�w�e�d� �b�y� �s�t�i�r�r�i�n�g� �f�o�r� �a� �c�e�r�t�a�i�n� �a�m�o�u�n�t� �o�f� �t�i�m�e� �a�t� 

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

�a�n�d� �t�h�e� �s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �c�o�l�l�e�c�t�e�d� �f�o�r� �t�h�e� �U�V�/�V�I�S� �m�e�a�s�u�r�e�m�e�n�t�s�.� 

�3�0



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

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

�e�t�h�e�r� �k�e�t�i�m�i�n�e�)� �s�t�a�b�i�l�i�z�e�r� �r�e�m�a�i�n�i�n�g� �i�n� �t�h�e� �v�i�a�l�s� �w�a�s� �r�e�d�i�s�s�o�l�v�e�d� �i�n� �H�P�L�C� �g�r�a�d�e� �T�H�F� �(�U�V� 

�c�u�t�-�o�f�f� �2�2�0� �n�m�)�.� �P�e�r�c�e�n�t� �a�d�s�o�r�p�t�i�o�n� �o�f� �t�h�e� �s�t�a�b�i�l�i�z�e�r� �o�n�t�o� �t�h�e� �P�E�E�K� �p�a�r�t�i�c�l�e�s� �w�a�s� 

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

�a�b�s�o�r�b�a�n�c�e� �o�f� �s�u�p�e�r�n�a�t�a�n�t� 

�a�b�s�o�r�b�a�n�c�e� �o�f� �s�t�a�b�i�l�i�z�e�r� �s�o�l�u�t�i�o�n� 
� � �%� �A�d�s�o�r�p�t�i�o�n� �=� �[�1� �-� �]�x� �1�0�0� 

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

�A�m�o�u�n�t� �o�f� �A�d�s�o�r�p�t�i�o�n� �=� �(�%� �A�d�s�o�r�p�t�i�o�n�)�(�i�n�i�t�i�a�l� �w�e�i�g�h�t� �[�g�]� �o�f� �s�t�a�b�i�l�i�z�e�r�)� 

�2�.�5�.�2� �A�d�s�o�r�p�t�i�o�n� �o�n�t�o� �1�2� �M�i�c�r�o�n� �D�i�a�m�e�t�e�r� �P�E�E�K� �P�a�r�t�i�c�l�e�s�:� �A�d�s�o�r�p�t�i�o�n� �i�s�o�t�h�e�r�m�s� �o�f� 

�p�o�l�y�(�p�y�r�i�d�i�n�e� �e�t�h�e�r�-�c�o�-�e�t�h�e�r� �e�t�h�e�r� �k�e�t�i�m�i�n�e�)� �o�n�t�o� �P�E�E�K� �p�a�r�t�i�c�l�e�s� �w�e�r�e� �m�e�a�s�u�r�e�d�.� 

�S�t�a�b�i�l�i�z�e�r� �s�o�l�u�t�i�o�n�s� �w�e�r�e� �p�r�e�p�a�r�e�d� �b�y� �d�i�s�s�o�l�v�i�n�g� �1� �t�o� �2�0� �w�e�i�g�h�t� �p�e�r�c�e�n�t� �o�f� �s�t�a�b�i�l�i�z�e�r� 

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

�1�2� �m�i�c�r�o�n� �P�E�E�K� �p�a�r�t�i�c�l�e�s�,� �5� �m�L� �o�f� �t�h�e� �s�t�a�b�i�l�i�z�e�r� �s�o�l�u�t�i�o�n� �w�e�r�e� �c�h�a�r�g�e�d� �t�o� �a� �v�i�a�l� 

�c�o�n�t�a�i�n�i�n�g� �0�.�6� �g� �P�E�E�K� �p�a�r�t�i�c�l�e�s�.� �T�h�e� �m�i�x�t�u�r�e� �w�a�s� �s�o�n�i�c�a�t�e�d� �f�o�r� �3� �m�i�n�u�t�e�s�.� �A�f�t�e�r� 

�s�o�n�i�c�a�t�i�o�n� �t�h�e� �s�t�a�b�i�l�i�z�e�r�/�P�E�E�K� �m�i�x�t�u�r�e� �w�a�s� �s�t�i�r�r�e�d� �f�o�r� �7�0� �h�o�u�r�s� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �u�n�t�i�l� 

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

�c�e�n�t�r�i�f�u�g�a�t�i�o�n� �a�n�d� �t�h�e� �s�u�p�e�r�n�a�t�a�n�t� �w�a�s� �c�o�l�l�e�c�t�e�d� �f�o�r� �t�h�e� �U�V�/�V�I�S� �m�e�a�s�u�r�e�m�e�n�t�s�.� �T�h�e� 

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

�2�.�5�.�3� �A�d�s�o�r�p�t�i�o�n� �o�n�t�o� �S�u�b�m�i�c�r�o�n� �P�E�E�K� �P�a�r�t�i�c�l�e�s�:� �A� �d�i�f�f�e�r�e�n�t� �p�r�o�c�e�d�u�r�e� �w�a�s� �a�p�p�l�i�e�d� �t�o� 

�t�h�e� �s�u�b�m�i�c�r�o�n� �p�a�r�t�i�c�l�e�s� �s�i�n�c�e� �t�h�e�y� �t�e�n�d� �t�o� �a�g�g�r�e�g�a�t�e�.� �1�0� �m�L� �o�f� �s�t�a�b�i�l�i�z�e�r� �s�o�l�u�t�i�o�n� �w�e�r�e� 

�3�1



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

�d�r�y�i�n�g�)�.� �T�h�e� �s�a�m�p�l�e�s� �w�e�r�e� �s�o�n�i�c�a�t�e�d� �a�n�d� �c�e�n�t�r�i�f�u�g�e�d�.� �A�f�t�e�r� �r�e�m�o�v�i�n�g� �2� �m�L� �o�f� �t�h�e� 

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

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

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

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

�2�.�5�.�4� �H�y�d�r�o�l�y�s�i�s� �o�f� �P�o�l�y�(�p�y�r�i�d�i�n�e� �e�t�h�e�r�-�c�o�-�e�t�h�e�r� �e�t�h�e�r� �k�e�t�i�m�i�n�e�)� �A�f�t�e�r� �A�d�s�o�r�p�t�i�o�n� �o�n�t�o� 

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

�r�e�m�o�v�e�d�.� �T�h�e� �s�e�d�i�m�e�n�t� �w�a�s� �s�t�i�r�r�e�d� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e� �i�n� �1�0� �m�L� �o�f� �a� �m�i�x�t�u�r�e� �o�f� �N�M�P�,� 

�H�,�O� �a�n�d� �H�C�!� �w�i�t�h� �a� �1�0�:�1� �v�o�l�u�m�e� �r�a�t�i�o� �o�f� �N�M�P� �t�o� �H�O�,� �a�n�d� �a� �1�.�3�:�1� �m�o�l�e� �r�a�t�i�o� �o�f� �H�C�l� �t�o� 

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

�s�o�l�v�e�n�t� �m�i�x�t�u�r�e�,� �a�n� �i�n�t�e�n�s�e� �y�e�l�l�o�w� �c�o�l�o�r� �w�a�s� �o�b�s�e�r�v�e�d�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �2�0� �m�i�n�u�t�e�s� �a�r�e� 

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

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

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

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

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

�p�a�r�t�i�c�l�e�s�.� 

�2�.�6� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �A�q�u�e�o�u�s� �P�E�E�K� �S�u�s�p�e�n�s�i�o�n�s� 

�2�.�6�.�1� �S�e�d�i�m�e�n�t�a�t�i�o�n� �E�x�p�e�r�i�m�e�n�t�s�:� �S�e�d�i�m�e�n�t�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �u�s�e�d� �f�o�r� 

�c�h�a�r�a�c�t�e�r�i�z�i�n�g� �t�h�e� �s�t�a�b�i�l�i�t�i�e�s� �o�f� �1�2� �m�i�c�r�o�n� �d�i�a�m�e�t�e�r� �P�E�E�K� �s�u�s�p�e�n�s�i�o�n�s�.� �A�f�t�e�r� �h�y�d�r�o�l�y�s�i�s� �o�f� 

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

�5�2



�c�a�l�c�u�l�a�t�e�d� �v�o�l�u�m�e�s� �o�f� �w�a�t�e�r� �(�a�d�j�u�s�t�e�d� �t�o� �p�H� �=� �2� �o�r� �4� �w�i�t�h� �h�y�d�r�o�c�h�l�o�r�i�c� �a�c�i�d�)� �i�n� �g�r�a�d�u�a�t�e�d� 

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

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

�2�.�6�.�2� �T�u�r�b�i�d�i�t�y� �M�e�a�s�u�r�e�m�e�n�t�s�:� �T�u�r�b�i�d�i�t�y� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �d�e�s�i�g�n�e�d� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� 

�t�h�e� �s�t�a�b�i�l�i�t�i�e�s� �o�f� �s�u�b�m�i�c�r�o�n� �P�E�E�K� �s�u�s�p�e�n�s�i�o�n�s�.� �1�5� �m�L� �w�a�t�e�r� �(�a�d�j�u�s�t�e�d� �t�o� �p�H� �=� �2� �o�r� �4� 

�u�s�i�n�g� �h�y�d�r�o�c�h�l�o�r�i�c� �a�c�i�d�)� �w�a�s� �c�h�a�r�g�e�d� �t�o� �a� �s�a�m�p�l�e� �t�u�b�e� �c�o�n�t�a�i�n�i�n�g� �0�.�1� �g� �"�w�e�t�"� �(�~�7� �m�g� �a�f�t�e�r� 

�d�r�y�i�n�g�)� �c�o�a�t�e�d� �s�u�b�m�i�c�r�o�n� �P�E�E�K� �p�a�r�t�i�c�l�e�s�.� �A�f�t�e�r� �t�h�e� �s�a�m�p�l�e� �w�a�s� �s�o�n�i�c�a�t�e�d� �f�o�r� �3� �m�i�n�u�t�e�s�,� 

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

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

�2�.�7� �I�n�s�t�r�u�m�e�n�t�a�t�i�o�n� 

�2�.�7�.�1� �N�u�c�l�e�a�r� �M�a�g�n�e�t�i�c� �R�e�s�o�n�a�n�c�e� �(�N�M�R�)� �S�p�e�c�t�r�o�s�c�o�p�y�:� �P�r�o�t�o�n� �N�M�R� �(�4�H� �N�M�R�)� �w�a�s� 

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

�p�r�o�d�u�c�t�s�.� �T�h�e� �'�H� �N�M�R� �s�t�u�d�i�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �o�n� �a� �V�a�r�i�a�n� �U�n�i�t�y� �N�M�R� �s�p�e�c�t�r�o�m�e�t�e�r� 

�o�p�e�r�a�t�i�n�g� �a�t� �4�0�0� �M�H�z�.� �S�a�m�p�l�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �t�y�p�i�c�a�l�l�y� �i�n� �t�h�e� �r�a�n�g�e� �o�f� �1�%� �t�o� �1�0�%� 

�s�o�l�i�d�s� �u�s�i�n�g� �d�e�u�t�e�r�a�t�e�d� �s�o�l�v�e�n�t�s� �s�u�c�h� �a�s� �C�D�C�l�3�.� 

�2�.�7�.�2� �T�h�i�n� �L�a�y�e�r� �C�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�T�L�C�)�:� �T�L�C� �p�l�a�t�e�s� �(�s�i�l�i�c�a� �g�e�l� �o�n� �g�l�a�s�s�,� �m�e�a�n� �p�o�r�e� 

�d�i�a�m�e�t�e�r�,� �6�0�4�;� �m�e�a�n� �p�a�r�t�i�c�l�e�s� �s�i�z�e�,� �2�-�2�5� �m�i�c�r�o�n�)� �w�e�r�e� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �r�e�a�c�t�i�o�n� 

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

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

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

�3�3



�2�.�7�.�3�.� �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� �(�T�G�A�)�:� �T�G�A� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �t�h�e�r�m�a�l� 

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

�p�o�l�y�m�e�r�s�.� �I�t� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� �a� �P�e�r�k�i�n�-�E�l�m�e�r� �S�e�r�i�e�s� �7� �t�h�e�r�m�a�l� �a�n�a�l�y�z�e�r�,� �w�i�t�h� �a�n� �a�i�r� 

�p�u�r�g�e� �a�t� �a� �h�e�a�t�i�n�g� �r�a�t�e� �o�f� �1�0�°�C� �p�e�r� �m�i�n�u�t�e�.� �T�h�e� �w�e�i�g�h�t� �l�o�s�s� �o�f� �t�h�e� �s�a�m�p�l�e� �w�a�s� �m�e�a�s�u�r�e�d� 

�a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �5�%� �w�e�i�g�h�t� �l�o�s�s� �w�a�s� 

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

�a� �D�S�C� �e�x�p�e�r�i�m�e�n�t�.� 

�2�.�7�.�4� �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�)�:� �B�y� �m�e�a�s�u�r�i�n�g� �t�h�e� �i�n�t�e�n�s�i�t�y� �d�i�f�f�e�r�e�n�c�e� �o�f� 

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

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

�t�e�m�p�e�r�a�t�u�r�e� �o�f� �p�o�l�y�m�e�r�s�.� �D�S�C� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� �a� �P�e�r�k�i�n�-�E�l�m�e�r� �S�e�r�i�e�s� �7� 

�t�h�e�r�m�a�l� �a�n�a�l�y�z�e�r�,� �u�s�u�a�l�l�y� �u�n�d�e�r� �a� �n�i�t�r�o�g�e�n� �p�u�r�g�e� �a�t� �a� �h�e�a�t�i�n�g� �r�a�t�e� �o�f� �1�0�°�C� �p�e�r� �m�i�n�u�t�e�.� 

�2�.�7�.�5� �S�c�a�n�n�i�n�g� �E�l�e�c�t�r�o�n� �M�i�c�r�o�s�c�o�p�y� �(�S�E�M�)�:� �S�E�M� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� 

�a� �P�h�i�l�i�p�s� �4�2�0�T� �s�c�a�n�n�i�n�g� �t�r�a�n�s�m�i�s�s�i�o�n� �e�l�e�c�t�r�o�n� �m�i�c�r�o�s�c�o�p�e� �(�S�T�E�M�)� �w�i�t�h� �a� �s�e�c�o�n�d�a�r�y� 

�e�l�e�c�t�r�o�n� �d�e�t�e�c�t�o�r�,� �o�p�e�r�a�t�i�n�g� �a�t� �6�0� �k�V� �i�n� �t�h�e� �S�E�M� �m�o�d�e�.� �T�h�e� �s�a�m�p�l�e� �p�r�e�p�a�r�a�t�i�o�n� �w�a�s� �a�s� 

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

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

�6�3�0� �v�o�l�t�s�,� �3�2� �m�A� �f�o�r� �3� �m�i�n�u�t�e�s�.� �S�E�M� �w�a�s� �u�s�e�d� �t�o� �e�x�a�m�i�n�e� �t�h�e� �s�i�z�e� �a�n�d� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� �t�h�e� 

�s�u�b�m�i�c�r�o�n� �P�E�E�K� �p�a�r�t�i�c�l�e�s� �p�r�e�p�a�r�e�d� �i�n� �o�u�r� �l�a�b�o�r�a�t�o�r�i�e�s�.� 

�2�.�7�.�6� �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�:� �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� �w�e�r�e� �u�s�e�d� �t�o� 

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

�p�o�l�y�m�e�r� �s�o�l�u�t�i�o�n� �w�a�s� �r�e�c�o�r�d�e�d� �u�s�i�n�g� �a� �B�2�0�4� �U�b�b�e�l�h�o�d�e� �V�i�s�c�o�m�e�t�e�r� �a�t� �2�5�°�C�.� �T�h�e� 

�3�4



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

�I�N�T�*�2�.� 

�2�.�7�.�7�.� �P�a�r�t�i�c�l�e� �S�i�z�e� �A�n�a�l�y�s�i�s�:� �T�h�e� �p�a�r�t�i�c�l�e� �s�i�z�e� �(�m�e�d�i�a�n� �d�i�a�m�e�t�e�r�)� �a�n�d� �p�a�r�t�i�c�l�e� �s�i�z�e� 

�d�i�s�t�r�i�b�u�t�i�o�n� �w�e�r�e� �m�e�a�s�u�r�e�d� �o�n� �a� �C�e�n�t�r�i�f�u�g�a�l� �P�a�r�t�i�c�l�e� �S�i�z�e� �A�n�a�l�y�z�e�r� �b�y� �S�h�i�m�a�d�z�u�.� �T�h�i�s� 

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

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

�f�o�r� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n�.� �D�e�n�s�i�t�y� �a�n�d� �v�i�s�c�o�s�i�t�y� �o�f� �t�h�e� �s�o�l�v�e�n�t� �(�w�a�t�e�r�)� �a�r�e� �0�.�9�9�8� �g�/�m�L� �a�n�d� �0�.�9�3�8� 

�c�P�;� �D�e�n�s�i�t�y� �o�f� �t�h�e� �p�a�r�t�i�c�l�e�s� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�d� �b�y� �t�h�a�t� �o�f� �b�u�l�k� �p�o�l�y�(�e�t�h�e�r� �e�t�h�e�r� �k�e�t�o�n�e�)�,� 

�1�.�3� �g�/�m�L�.� 

�2�.�7�.�8� �S�o�n�i�c�a�t�i�o�n�:� �S�u�s�p�e�n�s�i�o�n� �s�a�m�p�l�e�s� �w�e�r�e� �s�o�n�i�c�a�t�e�d� �t�o� �b�r�e�a�k� �u�p� �a�g�g�r�e�g�a�t�e�s� �a�n�d� 

�f�l�o�c�c�u�l�a�t�e�s� �u�s�i�n�g� �a� �S�o�n�i�c� �D�i�s�r�u�p�t�o�r� �b�y� �T�e�K�m�a�r� �a�t� �2�0� �w�a�t�t�s� �o�r� �a� �U�l�t�r�a�s�o�n�i�c� �C�l�e�a�n�e�r� �a�t� �1�1�7� 

�v�o�l�t�s�,� �0�.�7� �a�m�p�s� �a�n�d� �5�0�-�6�0� �H�z�.� 

�2�.�7�.�9� �T�u�r�b�i�d�i�t�y� �E�x�p�e�r�i�m�e�n�t�s�:� �A� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g� �a�p�p�a�r�a�t�u�s� �(�P�a�t�i�o�/�X�R� �T�u�r�b�i�d�i�m�e�t�e�r�,� �H�a�c�h� 

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

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

�2�.�7�.�1�0� �U�V�-�V�I�S�:� �A� �P�e�r�k�i�n�-�E�l�m�e�r�,� �L�a�m�b�d�a� �4�B�,� �U�V�-�V�I�S� �S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �w�a�s� �u�s�e�d� �t�o� 

�m�e�a�s�u�r�e� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �P�o�l�y�(�p�y�r�i�d�i�n�e� �e�t�h�e�r�-�c�o�-�e�t�h�e�r� �e�t�h�e�r� �k�e�t�i�m�i�n�e�)� �s�o�l�u�t�i�o�n�s�.� 
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�C�h�a�p�t�e�r� �3�.� �R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� 

�3�.�1� �P�r�e�p�a�r�a�t�i�o�n� �o�f� �M�a�t�e�r�i�a�l�s� 

�3�.�1�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

�T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �t�o� �p�r�e�p�a�r�e� �a�q�u�e�o�u�s� �p�o�l�y�(�e�t�h�e�r� �e�t�h�e�r� �k�e�t�o�n�e�)� 

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

�t�h�e�s�i�s� �i�n�c�l�u�d�e�s� �s�e�v�e�r�a�l� �a�r�e�a�s�:� �1�)� �P�r�e�p�a�r�a�t�i�o�n� �o�f� �f�i�n�e� �P�E�E�K� �p�a�r�t�i�c�l�e�s�;� �2�)� �P�r�e�p�a�r�i�n�g� �t�h�e� 

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

�p�a�r�t�i�c�l�e�s�;� �4�)� �P�r�e�p�a�r�i�n�g� �a�q�u�e�o�u�s� �s�u�s�p�e�n�s�i�o�n�s� �o�f� �t�h�e� �c�o�a�t�e�d� �p�a�r�t�i�c�l�e�s� �a�n�d� �a�n�a�l�y�z�i�n�g� �t�h�e� 

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

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

�p�r�o�c�e�d�u�r�e�s� �d�e�v�e�l�o�p�e�d� �b�y� �A�.� �B�r�i�n�k� �i�n� �o�u�r� �l�a�b�o�r�a�t�o�r�i�e�s�.�5�6� �P�r�e�p�a�r�a�t�i�o�n� �o�f� �f�i�n�e� �P�E�E�K� 

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

�k�e�t�i�m�i�n�e�)� �(�P�E�E�K�t�)�,� �f�o�l�l�o�w�e�d� �b�y� �a�c�i�d� �h�y�d�r�o�l�y�s�i�s� �o�f� �P�E�E�K�t� �t�o� �P�E�E�K� �i�n� �t�h�e� �f�o�r�m� �o�f� �f�i�n�e� 

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

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

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

�s�t�a�b�i�l�i�z�e�r�.� 

�3�.�1�.�2� �S�y�n�t�h�e�s�i�s� �o�f� �4�,�4�'�-�D�i�f�l�u�o�r�o�(�N�-�b�e�n�z�o�h�y�d�r�o�x�y�l�i�d�e�n�e� �a�n�i�l�i�n�e�)� 

�C�o�n�d�e�n�s�a�t�i�o�n� �o�f� �4�,�4�'�-�d�i�f�l�u�o�r�o�b�e�n�z�o�p�h�e�n�o�n�e� �a�n�d� �a�n�i�l�i�n�e� �t�o� �f�o�r�m� �4�,�4�'�-�d�i�f�l�u�o�r�o�(�N�-� 

�b�e�n�z�o�h�y�d�r�o�x�y�l�i�d�e�n�e� �a�n�i�l�i�n�e�)� �(�k�e�t�i�m�i�n�e� �m�o�n�o�m�e�r�)� �i�s� �w�e�l�l� �e�s�t�a�b�l�i�s�h�e�d�,�1�9�.�2�1�.�5�6� �a�s� �s�h�o�w�n� �i�n� 
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�F�i�g�u�r�e� �3�.�1�.� �T�h�e� �r�e�a�c�t�i�o�n� �c�a�n� �b�e� �m�o�n�i�t�o�r�e�d� �b�y� �T�L�C� �a�n�d� �}�H� �N�M�R�.� �A�n� �e�x�c�e�s�s� �a�m�o�u�n�t� �o�f� 

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

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

�w�a�s� �t�o�t�a�l�l�y� �c�o�n�s�u�m�e�d� �a�s� �m�o�n�i�t�o�r�e�d� �b�y� �T�L�C� �a�n�d� �1�H� �N�M�R�.� �I�n� �t�h�e� �T�L�C� �e�x�p�e�r�i�m�e�n�t�,� �a� 

�m�i�x�e�d� �s�o�l�v�e�n�t�,� �1� �p�a�r�t� �e�t�h�y�l� �a�c�e�t�a�t�e� �a�n�d� �5� �p�a�r�t�s� �h�e�x�a�n�e�,� �w�a�s� �u�s�e�d� �a�s� �t�h�e� �d�e�v�e�l�o�p�i�n�g� �s�o�l�v�e�n�t�.� 

�A�t� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �r�e�a�c�t�i�o�n�,� �t�h�e� �T�L�C� �r�e�s�u�l�t�s� �s�h�o�w�e�d� �i�n�t�e�n�s�e� �s�p�o�t�s� �o�f� �a�n�i�l�i�n�e� �a�n�d� �4�,�4�'�-� 

�d�i�f�l�u�o�r�o�b�e�n�z�o�p�h�e�n�o�n�e�.� �A�s� �t�h�e� �r�e�a�c�t�i�o�n� �p�r�o�c�e�e�d�e�d�,� �t�h�e� �p�r�o�d�u�c�t�,� �4�,�4�'�-�d�i�f�l�u�o�r�o�(�N�-� 

�b�e�n�z�o�h�y�d�r�o�x�y�l�i�d�e�n�e� �a�n�i�l�i�n�e�)� �a�p�p�e�a�r�e�d� �a�n�d� �i�n�c�r�e�a�s�e�d� �i�n� �i�n�t�e�n�s�i�t�y�.� �F�i�n�a�l�l�y�,� �t�h�e� �s�p�o�t� 

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

�r�e�a�c�t�i�o�n� �w�a�s� �c�o�n�s�i�d�e�r�e�d� �c�o�m�p�l�e�t�e�.� �A�n� �N�M�R� �t�e�c�h�n�i�q�u�e� �w�a�s� �a�l�s�o� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�x�t�e�n�t� �o�f� �r�e�a�c�t�i�o�n�.� �T�h�e� �p�e�a�k� �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e� �f�o�u�r� �i�d�e�n�t�i�c�a�l� �p�r�o�t�o�n�s� �i�n� �4�,�4�'�-� 

�d�i�f�l�u�o�r�o�b�e�n�z�o�p�h�e�n�o�n�e� �(�7�.�8�2� �p�p�m�)� �(�F�i�g�u�r�e� �3�.�2�)� �d�i�s�a�p�p�e�a�r�e�d� �a�s� �t�h�e� �r�e�a�c�t�i�o�n� �p�r�o�c�e�e�d�e�d�,� 

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

�n�i�t�r�o�g�e�n� �(�i�m�i�n�e� �p�h�e�n�y�l�)� �(�7�.�7�5� �p�p�m�)� �(�F�i�g�u�r�e� �3�.�3�)�>�°�°� �i�n�c�r�e�a�s�e�d� �i�n� �i�n�t�e�n�s�i�t�y�.� 

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

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

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

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

�3�.�4�)�>�©� �s�h�o�w�s� �t�h�a�t� �t�h�e� �f�l�u�o�r�i�n�e� �c�o�n�t�a�i�n�i�n�g� �r�i�n�g� �c�i�s� �t�o� �t�h�e� �i�m�i�n�e� �p�h�e�n�y�l� �i�s� �n�o�t� �c�o�p�l�a�n�a�r� �t�o� �t�h�e� 

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

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

�u�p�f�i�e�l�d�,� �i�.�e�.�,� �7�.�1�4� �p�p�m� �f�o�r� �t�h�e� �o�r�t�h�o� �p�r�o�t�o�n�s� �(�o�r�i�g�i�n�a�l�l�y� �a�t� �7�.�8�2� �p�p�m�,� �s�e�e� �F�i�g�u�r�e� �3�.�2�)� �a�n�d� 

�6�.�9�6� �p�p�m� �f�o�r� �t�h�e� �m�e�t�a� �p�r�o�t�o�n�s� �(�o�r�i�g�i�n�a�l�l�y� �a�t� �7�.�1�7� �p�p�m�,� �s�e�e� �F�i�g�u�r�e� �3�.�2�)�,� �d�u�r�i�n�g� �t�h�e� 

�c�o�n�v�e�r�s�i�o�n� �t�o� �k�e�t�i�m�i�n�e�,� �a�s� �s�h�o�w�n� �i�n� �I�H� �N�M�R� �(�F�i�g�u�r�e� �3�.�5�)� �a�n�d� �2�-�D� �1�H� �N�M�R� �(�F�i�g�u�r�e� 
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�3�.�6�)�°�®� �o�f� �t�h�e� �k�e�t�i�m�i�n�e� �m�o�n�o�m�e�r�.� �S�i�n�c�e� �t�h�e� �o�r�t�h�o� �a�n�d� �m�e�t�a� �p�r�o�t�o�n�s� �t�r�a�n�s� �t�o� �t�h�e� �i�m�i�n�e� 

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

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

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

�(�7�.�7�5� �p�p�m� �f�o�r� �t�h�e� �o�r�t�h�o� �p�r�o�t�o�n�s� �a�n�d� �7�.�1�0� �p�p�m� �f�o�r� �t�h�e� �m�e�t�a� �p�r�o�t�o�n�s�)�.� 

�T�h�e� �k�e�t�i�m�i�n�e� �m�o�n�o�m�e�r� �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�w�o� �t�i�m�e�s� �f�r�o�m� �t�o�l�u�e�n�e� 

�f�o�l�l�o�w�e�d� �b�y� �d�r�y�i�n�g� �a�t� �9�0�°�C� �u�n�d�e�r� �v�a�c�u�u�m�.� �I�t� �i�s� �a� �p�u�r�e� �y�e�l�l�o�w� �c�r�y�s�t�a�l�l�i�n�e� �m�a�t�e�r�i�a�l� �w�i�t�h� �a� 

�m�e�l�t�i�n�g� �p�o�i�n�t� �o�f� �1�1�4�-�1�1�5�°�C�.� 

�3�.�1�.�3� �S�y�n�t�h�e�s�i�s� �o�f� �P�o�l�y�(�e�t�h�e�r� �e�t�h�e�r� �k�e�t�i�m�i�n�e�)� �(�P�E�E�K�t�)� 

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

�a�n�i�l�i�n�e�)� �a�n�d� �h�y�d�r�o�q�u�i�n�o�n�e� �i�s� �w�e�l�l� �e�s�t�a�b�l�i�s�h�e�d� �(�F�i�g�u�r�e� �3�.�7�)�.�1�9�.�2�1�5�6� �P�o�l�y�(�e�t�h�e�r� �e�t�h�e�r� 

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

�s�o�l�u�b�l�e� �i�n� �s�o�l�v�e�n�t�s� �s�u�c�h� �a�s� �N�M�P�,� �t�o�l�u�e�n�e�,� �T�H�F�,� �D�M�A�c� �a�n�d� �c�h�l�o�r�o�f�o�r�m�.� �I�t�s� �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� �i�s� �1�6�4�°�C� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �D�S�C�.�5�6� �T�h�e� �1�H� �N�M�R� �s�p�e�c�t�r�u�m� �o�f� 

�P�E�E�K�t� �i�n� �C�D�C�l�3� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�.�8�.� 

�3�.�1�.�4� �H�y�d�r�o�l�y�s�i�s� �o�f� �P�o�l�y�(�e�t�h�e�r� �e�t�h�e�r� �k�e�t�i�m�i�n�e�)� �t�o� �P�o�l�y�(�e�t�h�e�r� �e�t�h�e�r� �k�e�t�o�n�e�)� 

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

�f�u�n�c�t�i�o�n�a�l�i�t�i�e�s� �t�o� �k�e�t�o�n�e� �(�F�i�g�u�r�e� �3�.�9�)�.� �S�i�n�c�e� �p�o�l�y�(�e�t�h�e�r� �e�t�h�e�r� �k�e�t�o�n�e�)� �i�s� �s�e�m�i�-�c�r�y�s�t�a�l�l�i�n�e� 

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

�e�s�s�e�n�t�i�a�l�l�y� �i�d�e�n�t�i�c�a�l� �t�o� �t�h�a�t� �o�f� �c�o�m�m�e�r�c�i�a�l� �P�E�E�K� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �T�G�A� �a�n�d� �D�S�C�.�>�®� 

�T�h�e� �P�E�E�K� �p�a�r�t�i�c�l�e�s� �w�e�r�e� �d�i�s�p�e�r�s�e�d� �i�n� �w�a�t�e�r� �u�s�i�n�g� �T�r�i�t�o�n� �X�-�1�0�0� �(�a�n� �a�q�u�e�o�u�s� 

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

�A�n�a�l�y�z�e�r� �(�P�S�A�)� �b�y� �t�h�e� �s�e�d�i�m�e�n�t�a�t�i�o�n� �m�e�t�h�o�d� �b�a�s�e�d� �o�n� �S�t�o�k�e�s�'� �l�a�w�.� �S�e�d�i�m�e�n�t�a�t�i�o�n� �f�r�o�m� 

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

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

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

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

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

�i�n� �F�i�g�u�r�e� �3�.�1�0�.� �T�h�e� �m�e�d�i�a�n� �d�i�a�m�e�t�e�r� �i�s� �t�h�e� �p�a�r�t�i�c�l�e� �s�i�z�e� �a�t� �w�h�i�c�h� �t�h�e� �a�c�c�u�m�u�l�a�t�i�o�n� �o�f� �t�h�e� 

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

�P�E�E�K� �p�a�r�t�i�c�l�e�s�,� �s�u�p�p�l�i�e�d� �b�y� �I�C�I�,� �h�a�s� �a� �m�e�d�i�a�n� �d�i�a�m�e�t�e�r� �o�f� �1�2� �m�i�c�r�o�n�s� �a�s� �m�e�a�s�u�r�e�d� �b�y� 

�P�S�A� �(�F�i�g�u�r�e� �3�.�1�0�)�.� �T�h�e�s�e� �p�a�r�t�i�c�l�e�s� �a�r�e� �m�a�d�e� �b�y� �b�a�l�l� �m�i�l�l�i�n�g�,� �a�n�d� �t�h�e� �P�S�A� �r�e�s�u�l�t�s� �s�h�o�w� �a� 

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

�c�o�n�c�e�n�t�r�a�t�i�o�n� �a�n�d� �s�o�l�v�e�n�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�.�>�®� 

�3�.�1�.�5� �S�y�n�t�h�e�s�i�s� �o�f� �P�o�l�y�(�p�y�r�i�d�i�n�e� �e�t�h�e�r�-�c�o�-�e�t�h�e�r� �e�t�h�e�r� �k�e�t�i�m�i�n�e�)� �(�S�t�a�b�i�l�i�z�e�r� �P�r�e�c�u�r�s�o�r�)� �a�n�d� 

�P�o�l�y�(�p�y�r�i�d�i�n�e� �e�t�h�e�r�-�c�o�-�e�t�h�e�r� �e�t�h�e�r� �k�e�t�o�n�e�)� �(�S�t�a�b�i�l�i�z�e�r�)� 

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

�o�f� �2�,�6�-�d�i�c�h�l�o�r�o�p�y�r�i�d�i�n�e� �a�n�d� �4�,�4�'�-�d�i�f�l�u�o�r�o�(�N�-�b�e�n�z�o�h�y�d�r�o�x�y�l�i�d�e�n�e� �a�n�i�l�i�n�e�)� �w�i�t�h� 

�h�y�d�r�o�q�u�i�n�o�n�e� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �s�c�h�e�m�e� �o�u�t�l�i�n�e�d� �i�n� �F�i�g�u�r�e� �3�.�1�2�.� �P�o�l�y�(�p�y�r�i�d�i�n�e� �e�t�h�e�r�-�c�o�-� 

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

�i�n�t�o� �p�o�l�y�(�p�y�r�i�d�i�n�e� �e�t�h�e�r�-�c�o�-�e�t�h�e�r� �e�t�h�e�r� �k�e�t�o�n�e�)� �b�y� �a�c�i�d� �h�y�d�r�o�l�y�s�i�s� �(�F�i�g�u�r�e� �3�.�1�3�)�.� �U�p�o�n� 

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

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

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

�s�t�a�b�i�l�i�z�e�r�.� �I�t�s� �t�e�m�p�e�r�a�t�u�r�e� �a�t� �5�%� �w�e�i�g�h�t� �l�o�s�s� �i�s� �5�2�3�°�C� �i�n� �a�i�r� �b�y� �T�G�A�.�>�©� �T�h�e�r�e�f�o�r�e� �i�t� 

�s�h�o�u�l�d� �w�i�t�h�s�t�a�n�d� �c�o�m�p�o�s�i�t�e� �c�o�n�s�o�l�i�d�a�t�i�o�n� �c�o�n�d�i�t�i�o�n�s� �o�f� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4�0�0�°�C� �w�i�t�h�o�u�t� 

�d�e�g�r�a�d�a�t�i�o�n� �o�r� �b�u�r�n�-�o�u�t�.� 

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

�m�a�t�r�i�x�,� �P�E�E�K�.� �T�h�e� �m�i�s�c�i�b�i�l�i�t�y� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �u�s�i�n�g� �D�S�C� �b�y� �V�.� �V�e�l�i�k�o�v�e� �i�n� �P�r�o�f�.� 

�M�a�r�a�n�d�'�s� �g�r�o�u�p�.� �T�h�e� �5�0�:�5�0� �b�l�e�n�d� �o�f� �t�h�e� �s�t�a�b�i�l�i�z�e�r� �(�w�i�t�h� �3�0� �m�o�l�e� �%� �p�y�r�i�d�i�n�e�)� �a�n�d� �P�E�E�K� 

�s�h�o�w�s� �o�n�l�y� �o�n�e� �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� �(�F�i�g�u�r�e� �3�.�1�4�)�,�>�°� �i�n�d�i�c�a�t�i�n�g� �t�h�a�t� �t�h�e� �s�t�a�b�i�l�i�z�e�r� 

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

�A�l�s�o�,� �t�h�e� �p�y�r�i�d�i�n�e� �u�n�i�t�s� �m�i�g�h�t� �o�f�f�e�r� �s�p�e�c�i�f�i�c� �i�n�t�e�r�a�c�t�i�o�n�s� �w�i�t�h� �t�h�e� �c�a�r�b�o�n� �f�i�b�e�r� �a�n�d� �t�h�u�s� 
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�F�i�g�u�r�e� �3�.�1�4� �D�S�C� �d�e�m�o�n�s�t�r�a�t�i�o�n� �o�f� �t�h�e� �m�i�s�c�i�b�i�l�i�t�y� �o�f� �P�E�E�K� �a�n�d� �p�o�l�y�(�p�y�r�i�d�i�n�e� �e�t�h�e�r�-�c�o�-� 
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�3�.�2� �A�d�s�o�r�p�t�i�o�n� �S�t�u�d�i�e�s� �o�f� �t�h�e� �S�t�a�b�i�l�i�z�e�r� �P�r�e�c�u�r�s�o�r� �o�n�t�o� �P�E�E�K� �P�a�r�t�i�c�l�e�s� 

�3�.�2�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

�I�n� �r�e�c�e�n�t� �y�e�a�r�s�,� �p�o�l�y�(�e�t�h�e�r� �e�t�h�e�r� �k�e�t�o�n�e�)�s�,� �e�.�g�.� �P�E�E�K�,� �h�a�v�e� �b�e�c�o�m�e� �o�n�e� �o�f� �t�h�e� 

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

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

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

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

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

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

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

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

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

�c�a�n�'�t� �b�e� �d�i�s�p�e�r�s�e�d� �i�n� �w�a�t�e�r�.� �T�h�e�r�e�f�o�r�e�,� �a�n� �a�q�u�e�o�u�s� �d�i�s�p�e�r�s�i�o�n� �s�t�a�b�i�l�i�z�e�r� �i�s� �r�e�q�u�i�r�e�d� �f�o�r� 

�p�r�e�p�a�r�i�n�g� �a�q�u�e�o�u�s� �d�i�s�p�e�r�s�i�o�n�s� �o�f� �P�E�E�K� �p�a�r�t�i�c�l�e�s�.� �T�h�i�s� �s�t�a�b�i�l�i�z�e�r� �s�h�o�u�l�d� �a�l�s�o� �h�a�v�e� �g�o�o�d� 

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

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

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

�d�e�f�i�n�i�n�g� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �p�r�e�p�a�r�i�n�g� �a�n�d� �c�h�a�r�a�c�t�e�r�i�z�i�n�g� �a�q�u�e�o�u�s� �s�u�s�p�e�n�s�i�o�n�s� �o�f� �P�E�E�K� 

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

�A�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �3�.�1�5�,� �t�h�e� �p�r�e�p�a�r�a�t�i�o�n� �o�f� �a�q�u�e�o�u�s� �P�E�E�K� �s�u�s�p�e�n�s�i�o�n�s� �f�r�o�m� �t�h�e� 

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

�p�o�l�y�(�p�y�r�i�d�i�n�e� �e�t�h�e�r�-�c�o�-�e�t�h�e�r� �e�t�h�e�r� �k�e�t�i�m�i�n�e�)�,� �o�n�t�o� �P�E�E�K� �p�a�r�t�i�c�l�e�s� �f�r�o�m� �a�n� �o�r�g�a�n�i�c� �s�o�l�v�e�n�t�,� 

�f�o�l�l�o�w�e�d� �b�y� �h�y�d�r�o�l�y�s�i�s� �o�f� �t�h�e� �k�e�t�i�m�i�n�e� �m�o�i�e�t�y� �o�n� �t�h�i�s� �p�a�r�t�i�c�l�e� �c�o�a�t�i�n�g� �i�n� �c�o�n�j�u�n�c�t�i�o�n� �w�i�t�h� 
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�P�E�E�K� �P�a�r�t�i�c�l�e�s� �S�u�s�p�e�n�d�e�d� �i�n� �O�r�g�a�n�i�c� �A�c�i�d� �H�y�d�r�o�l�y�s�i�s� 
�S�o�l�v�e�n�t� �W�i�t�h� �P�o�l�y�(�p�y�r�i�d�i�n�e� �e�t�h�e�r�-�c�o�-� �(�K�e�t�i�m�i�n�e� �t�o� �K�e�t�o�n�e�,� 
�e�t�h�e�r� �e�t�h�e�r� �k�e�t�i�m�i�n�e�)� �a�n�d� �P�r�o�t�o�n�a�t�i�o�n� �o�f� 

�P�y�r�i�d�i�n�e�)� 

�v�s� �6�:� �F�i�l�t�e�r�,� �W�a�s�h� �W�i�t�h� �W�a�t�e�r�,�.� �e�n� �r�e�r� 
�Q�i� �o�w� !"� �R�e�s�u�s�p�e�n�d� �I�n� �W�a�t�e�r�,� �(�Q�:� �&� �c�e� 

 �� �k�e�:� �u�s� �S�o�n�i�c�a�t�e� �e�e� �A� �a�e� 
�r�e�:� �Q�H� �O�o� �.�.� �Q� 
�'�Q�'� �a�n� �O�N�G� �<� �Q�:� �a�e� �O�N� 

�a� �|�S� �O�e� �O�G� �G� 
�E�l�e�c�t�r�o�s�t�a�t�i�c�a�l�l�y� �S�t�a�b�i�l�i�z�e�d� �E�l�e�c�t�r�o�s�t�a�t�i�c�a�l�l�y� �S�t�a�b�i�l�i�z�e�d� 
 ��P�E�E�K� �P�a�r�t�i�c�l�e�s� �i�n� �W�a�t�e�r� �P�E�E�K� �P�a�r�t�i�c�l�e�s� �i�n� �N�M�P� 
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�p�r�o�t�o�n�a�t�i�o�n� �o�f� �t�h�e� �p�y�r�i�d�i�n�e� �u�m�t�s�.� �T�h�e�s�e� �e�l�e�c�t�r�o�s�t�a�t�i�c�a�l�l�y� �s�t�a�b�i�l�i�z�e�d� �P�E�E�K� �p�a�r�t�i�c�l�e�s� �a�r�e� 

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

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

�a�s� �a� �g�i�f�t� �b�y� �t�h�e� �I�C�T� �C�o�m�p�a�n�y�.� �T�h�e�s�e� �p�a�r�t�i�c�l�e�s� �h�a�v�e� �a� �m�e�d�i�a�n� �d�i�a�m�e�t�e�r� �o�f� �1�2� �m�i�c�r�o�n�s� �a�s� 

�m�e�a�s�u�r�e�d� �b�y� �t�h�e� �P�a�r�t�i�c�l�e� �S�i�z�e� �A�n�a�l�y�z�e�r�.� �T�h�e�s�e� �P�E�E�R�.� �p�a�r�t�i�c�:�e�s� �w�i�l�l� �b�e� �r�e�f�e�r�r�e�d� �t�o� �a�s� �1�2� 

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

�0�.�3�5� �m�i�c�r�o�n� �w�e�r�e� �p�r�e�p�a�r�e�d� �b�y� �r�a�p�i�d�l�y� �a�c�i�d� �h�y�d�r�o�l�y�s�i�s� �o�f� �a� �s�o�l�u�b�l�e� �p�r�e�c�u�r�s�o�r�,� �p�o�l�y�(�e�t�h�e�r� 

�e�t�h�e�r� �k�e�t�i�m�i�n�e�)�.� 

�S�m�e�e� �t�h�e� �1�2� �m�i�c�r�o�n� �P�E�E�R� �p�a�r�t�i�c�l�e�s� �a�n�d� �t�h�e� �s�u�b�m�i�c�r�o�n� �p�a�r�t�i�c�l�e�s� �h�a�v�e� �g�r�e�a�t�l�y� 

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

�t�h�e�s�e� �t�w�o� �k�i�n�d�s� �o�f� �p�a�r�t�i�c�i�e�s� �w�e�r�e� �d�i�f�f�e�r�e�n�t�.� �T�o� �a�n�a�l�y�z�e� �t�h�e� �s�t�a�b�i�l�i�t�i�e�s� �o�f� �1�2� �m�i�c�r�o�n� �P�E�E�K� 

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

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

�u�y� 

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

�r�g� �T�h�u�s�,� �t�h�e�s�e� �p�a�r�t�i�c�i�e�s� �n�e�v�e�r� �c�o�m�p�l�e�t�e�l�y� �s�e�t�t�l�e�.� �T�h�e�r�e�f�o�r�e�,� �s�e�d�i�m�e�n�t�a�t�i�o�n� �t�e�c�i�m�i�q�u�e�s� �c�a�n�'�t� �b�e� 

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

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

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

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

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

�o�f� �s�u�s�p�e�n�s�i�o�n�s� �o�f� �t�h�e� �1�2� �m�i�c�r�o�n� �P�E�E�K� �p�a�r�t�i�c�l�e�s� �a�n�d� �t�h�e� �s�u�b�m�i�c�r�o�n� �p�a�r�t�i�c�l�e�s�,� �i�s�o�t�h�e�r�m�a�l� 

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