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Abstract 

Solutions of poly(2-ethyl-2-oxazoline) and poly(2-methyl-2-oxazoline) in water 

and several alcohols were characterized by light scattering and cloud point 

measurements. The second virial coefficients in water were found to decrease with 

increasing temperature, reflecting lower critical solution behavior, which is consistent 

with the cloud point measurements. The temperature dependence of the second virial 

coefficients revealed that specific interactions between polymer and water dominated 

the free energy of mixing. The Flory-Huggins y parameter determined from light 

scattering was in the range 0.48 - 0.49 in water and 0.32 - 0.41 in ethanol. The Kuhn 

length for PEOX was determined to be 0.77 nm which corresponds to less than two 

monomer units, indicating relatively flexible chains of PEOX. 

The segmental adsorption energy, x,?°, of PEOX was measured using a 

desorption/displacement technique. PEOX was desorbed from silica with five low 

molecular weight organic displacers in two solvents - water and ethanol - to obtain 

values of the critical volume fraction of the displacer at which desorption was 

complete, ¢,,. The high adsorption energy parameters are consistent with the polymer 

adsorbing principally by hydrogen bonding between the carbonyl groups on the 

polymer and surface silanol groups. The difference in adsorption energies in water 

and ethanol reflect specific solvent effects that may be related to the formation of 

hydrogen bond bridges between PEOX and silanol groups in water. 

Adsorption of PEOX from water, alcohols and chlorobenzene onto silica was 

investigated by measuring PEOX adsorption isotherms using a depletion method. A



linear relationship of the plateau adsorption amount, I’,, vs. Jog (molecular weight) 

was obtained, which agreed qualitatively with the Scheutjens-Fleer (S-F) mean field 

adsorption theory. The values of I’, varied significantly with solvent type as well as 

with pH and electrolyte concentration in water. These variations in I’, were due to 

changes of the polymer solvency and the silanol density on the silica particles. 

Competitive adsorption experiments of PEOX with various polymers were 

performed, including poly(ethylene oxide) (PEO), poly(propylene oxide) (PPO) 

poly(vinyl methyl ether) (PVME), and poly(dimethyl siloxane) (PDMS). PEOX 

showed a higher affinity to the silica surface than other polymers. This suggested that 

PEOX had good potential for serving as an anchor block for diblock copolymer 

stabilizers for metal oxides in water. 

The solubility of homopolymers PEOX, PEO, PPO, PVME, and PDMS and 

copolymers PEOX-PDMS and PEOX-PVME was investigated in water, alcohols, and 

chlorobenzene using static light scattering (SLS). The steric stabilization effect of 

silica dispersions in chlorobenzene by PEOX-PDMS was measured by dynamic light 

scattering (DLS). The stability was qualitatively related to the average particle 

hydrodynamic diameter against time. 

The adsorbed amount and layer thickness of diblock copolymer poly(dimethyl 

amino ethyl methacrylate-b-n-butyl methacrylate) (DMAEM-BMA) on silica surfaces 

from isopropanol was measured. The linear dependence of the adsorbed amount and 

thickness with respect to the tail block length was obtained. This is consistent with 

the Marques-Joanny model.
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CHAPTER 1 

Introduction 

GENERAL 

The adsorption of polymer chains at an interface is a complex phenomenon of 

considerable scientific and technological interest. When the interface consists of the 

surface of a colloidal particle in suspension, the state of aggregation of the suspension 

can be affected in several ways. The effects of polymer, whether free or attached, on the 

stability of colloidal dispersions are represented schematically in a greatly simplified 

manner in Figure 1.1.'* At very low free polymer concentrations (~a few ppm), the 

adsorption of polymer chains onto more than one particle can induce bridging 

flocculation. The effects of attached polymer on the stability of colloids with respect to 

aggregation, i.e. steric and electrostatic stabilization, have been the subject of many 

experimental and theoretical studies. At higher adsorbed polymer concentrations 

corresponding to near or complete surface coverage, steric stabilization can result when 

the adsorbed chains are in a good solvent. Steric stabilization occurs due to mutual 

repulsion between adsorbed chains on different particles. Increasing the free polymer 

concentration further may result in depletion flocculation, although stabilization may be 

observed again at even higher polymer concentrations. When the adsorbed chains are 

charged, electrostatic repulsion between particles is enhanced. 

The control of suspension aggregation with adsorbed polymers is critical to a wide 

range of applications.*’ For example, concentrated suspensions of colloidal ceramic 

particles are typically used in casting operations. At typical particle volume fractions of 

0.5 and higher, the suspension viscosity abruptly increases by several orders when 

particles aggregate. This presents severe processing problems.* Some other applications 

of concentrated suspensions where control of particle aggregation is important are listed



Polymer Stabilization and Flocculation 

a Low polymer 
Bridging Concentration 
flocculation 
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Figure 1.1 Polymer stabilization and flocculation effects on dispersions 
as a function of polymer concentration. [2]



in Table 1.1. 

Table 1.1 Applications of steric stabilization by polymers.°® 

  

(1) paints, inks, and adhesives 
(2) emulsions, for pharmaceutical, food, agricultural 

(3) detergents and laundry products 
(4) oils and lubricants 

(5) ceramic particle processing 
(6) paper coating. 

  

Recently, the use of water-soluble polymers as stabilizers has attracted much 

attention due to environmental concerns.’ Many applications in aqueous suspensions such 

as ceramics and paper coatings involve polyelectrolyte stabilizers which work by 

adsorbing onto a colloid particle, thus increasing the repulsive electrostatic forces 

between the particles. 

Steric stabilization has several advantages over electrostatic stabilization. Steric 

Stabilization is feasible in both aqueous and organic solvents whereas electrostatic 

stabilization is most effective in water. Steric stabilization is efficient in both high and 

low solid concentrations whereas electrostatic stabilization is most effective at low 

concentrations. Sterically stabilized suspensions have better freeze/thaw properties than 

electrostatically stabilized suspensions. This is important for storage of suspensions. 

Finally, sterically stabilized suspensions tend to be much less sensitive to electrolyte 

concentration than are electrostatically stabilized suspensions. Given the growing 

importance of environmental issues and the need for convenient usage of polymers, the 

stabilization of suspensions by adsorbed polymers will be done increasingly in aqueous 

media.? 

An understanding and control of steric stabilization requires a knowledge of the 

properties of polymer solutions, the adsorption behavior of homo- and copolymers, and



the subsequent effects of the adsorbed layers on interparticle forces. The following 

sections will briefly introduce each of these topics. These will be followed by a brief 

description of the objectives of this research and an outline of this thesis. 

Water Soluble Polymers in Solution. Considerable attention to water-soluble polymers 

(WSP) has been paid in both academia and industry due to their applications in biological 

systems, foods, and industrial products where the advantage and low cost of water as a 

solvent can be employed. Recently, environmental concerns in the chemical process 

industry have greatly promoted this interest. The production rate of WSP’s is estimated 

to be more than 5 million tons per year.° Of this total, 80-90% were starches and natural 

gums (biopolymers’). A relatively small portion of WSP production are synthetic 

polymers (mainly as poly(vinyl alcohols) and polyacrylamides), which can be used either 

as homopolymers or can be converted to random copolymers. The synthetic polymers are 

especially valuable for ceramics, coatings, textile sizing, detergent production, and oil- 

well drilling.'!*" 

Despite its great economic importance, the physical chemistry of WSP’s is not as 

well understood as is that of polymers soluble in organic solvents. This is due to the 

complex specific interactions between WSP’s and water, primarily by hydrogen bonding 

and strong dipole-dipole interactions. A rigorous equation of state that fully explains 

polymer solution properties in aqueous solutions still does not exist. Thus, nonionic 

water-soluble polymers constitute an important but still poorly understood class of 

polymers. Non-ionic water-soluble polymers generally exhibit solution properties which 

significantly differ from those of polymers soluble in organic solvents. For example, the 

entropy of mixing of water dominates the thermodynamic properties of aqueous polymer 

solutions, resulting in phase separation as temperature increases. This results in the phase 

diagram typically observed for WSP’s. These solutions exhibit both upper critical 

solution temperature (UCST) and lower critical solution temperature (LCST), 

respectively, shown in Figure 1.2(a). Measurements of the thermodynamic properties”
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Figure 1.2 (a) A diagram illustrating two types of phase boundaries commonly 
encountered in polymer solutions; A, the two phase region characterized by the upper 
critical solution temperature (UCST); and B the two-phase region giving the lower critical 
solution temperature (LCST), commonly seen in aqueous solution. Between A and B, 
single-phase region. (b) The cloud points of several WSP's at 25 °C, —= phase separation 
occurs upon cooling, «— phase separation upon heating. [9]



of water in solutions of WSP’s, such as the excess chemical potential (Au), excess 

entropy (As) and excess enthalpy (Ah™) of the solvent, have started to reveal how the 

repeat unit structure is related to the solution behavior in water. WSP’s are complex in 

that a given repeat unit has both hydrophilic and hydrophobic character. The structuring 

of water around a repeat unit reflects this complex character. Thus, the architecture as 

well as the chemical composition of a repeat unit affects the solubility in water. The 

structure of water around a WSP chain profoundly influences the polymer solution 

properties, such as the second virial coefficient, radius of gyration, and effective 

molecular weight. 

The solution properties of polymer are controlled by intramolecular interactions 

between segments and by the thermodynamic interactions between different 

macromolecules. The thermodynamic parameters relevant to polymer adsorption and 

steric stabilization can be characterized using various techniques, including: 

(1) Light Scattering: Dynamic light scattering (DLS) can be used to measure 

polymer hydrodynamic diameter and characterize the polymer conformation in solution. 

Static light scattering (SLS) measures polymer weight-average molecular weight (M,,) and 

second virial coefficient (A,) in dilute solution, according to Equation (1.1a): 

K-c/AR(@) = M,'(1+(gR,)’/3) + 2A,°c (1.1) 

where c is the polymer concentration and q is the scattering vector, defined as 

q = 4an,°sin(6/2)/Xo (1.2a) 

In Equation (1.2a), n, is the refractive index of the solvent, 6 is the scattering angle, dy) 

is the wavelength of the light in vacuo. AR(6) is the excess Rayleigh ratio of scattering 

to primary beam intensities. The optical constant K is defined as:



K = (2% no)” (ony (1.26) 

NjAy oe 

where N, is the Avogadro number and 0n/dc is the specific refractive index increment. 

In this study, (@R,)’/3 is much less than unity due to the low molecular weight of 

polymers and therefore this term is neglected. 

An important experimental value from light scattering is the second virial 

coefficient, A,, which is related to Flory-Huggins coefficient x and the excess chemical 

potential (Ay,) of the solvent. A, is related to x by: 

2 

= (t_yy (2 (1.3) A, G x) GP h(z) 

where v, is the partial specific volume of polymer, and V, is the molar volume of the 

solvent. The term hz) is a function of excluded volume z that accounts for inter-chain 

interactions. At the 6-state, i.e., as z > 0, A(z) ~ 1."° For good solvents, the factor h(z) 

is larger than one. Although the Flory-Huggins (FH) lattice theory fails to describe 

rigorously the behavior of dilute polymer solutions in several aspects, the theory still 

provides a framework for understanding polymer solution properties. 

Classical thermodynamics provides another approach to analyze solution 

properties. The chemical potential of mixing of the solvent can be expressed as: 

Ap, =Ap," + Ap,* (1.4a) 

=Ah, - TAs, 

Similarly, the enthalpy and entropy terms can be expressed as:



Ah, = Ah," + Ah,* 

As, =As,4 + As, (1.4b) 

and Ah,** = 0. The energy of mixing Ay,* = - A,cV,-R7/M, is always negative if the 

polymer is soluble in the solvent, M, is the number-average polymer molecular weight. 

The chemical potential of the solvent Ay, can be related to the osmotic pressure 

II according to: 

fy - wy = - VI (1.5a) 

Thus, the correlation of excess chemical potential and the second virial coefficient A, in 

dilute solutions can be expressed as: 

Au, = - i c+ RTA,c’]V, (1.5b) 

Furthermore, the excess heat and entropy of dilution of the solvent can be obtained from 

the dependence of temperature upon Ayp,, which are expressed as: 

Ah,*=8Ap,/8(1/T) =(B,’T - BV, (1.5¢) 
As,*=d0Ap,/0T - As,“=B,’c’V, (1.5d) 

where As,“ = RT-In X, is the ideal entropy of dilution of the solvent, and X, (= 

n,/(n,+n,)) is the mole fraction of the solvent.’ In addition, B,=RT-A, and B,’ = dB,/dT. 

Thus, the excess thermodynamic properties of solvent can be obtained from values of A, 

as a function of temperature. This is discussed in more detail in Chapter 2. 

The Flory-Huggins solution theory is limited in describing the properties of WSP 

solutions. Flory-Huggins theory assumes all polymer/solvent interactions are non- 

specific, such as van der Waals or electrostatic forces. It does not account for specific 

association of solvent molecules with the polymer chain such as in hydrogen bonding.



This association leads to a highly negative entropy of dilution of the solvent which 

typically is greater than the positive combinatorial entropy of mixing of the solvent with 

the polymer chain.? 

As a consequence, the FH theory cannot predict the LCST which is typically 

observed in WSP’s. From the FH theory, x parameter is predicted to increase as 

temperature decreases until a UCST is reached. This relation is given by 

x = B) + B,/T (1.6) 

where positive 8, is related to negative excess entropy of dilution (As, <0) and positive 

8, corresponds to the endothermic solution (Ah, >0), respectively. The classical FH 

theory predicts that both 8’s are positive for non-polar solvents. Equation (1.6) is 

qualitatively correct in predicting phase separation upon cooling in the organic solvents. 

However, experimental data for WSP’s usually show that 6, is negative indicating an 

exothermic heat of mixing. Also, the entropy of mixing of water in solutions of WSP’s 

is quite negative. These effects are due to the hydrogen bonding between polymer and 

water, and hydrophobic nature in the polymer repeat units.? As a consequence, the 

solution reaches the 6-condition (i.e., A,=0) upon heating. 

Another unique solution property of WSP’s is aggregation in water solution. 

Based on Franks’, the aggregation phenomenon, i.e. hydrophobic hydration, is dominated 

by the negative excess entropy of mixing (As,~<0), and not by the enthalpic repulsion. 

Because of the combination of hydrophobic and hydrophilic nature in the WSP’s repeat 

units, the polymer conformation is very sensitive to interactions of polymers with water 

by hydrogen bonding. 

(2) Cloud point: The cloud point is the temperature corresponding to the onset 

of turbidity in a polymer solution due to phase separation. Phase separation 

measurements over a wide range of molecular weights gives useful information on the



dependence of the Ap, or the x parameter on temperature and concentration. Water- 

soluble polymers typically exhibit a phase diagram shown in part (B) of Figure 1.2(a). 

There is a range of temperature and composition in which a single phase regime exists 

between curves A and B. When the temperature is raised or lowered, the solvent 

becomes thermodynamically poorer for the polymer. Finally a temperature is reached 

beyond which the polymer and solvent are no longer miscible in all proportions. The 

maximum point of the lower curve (A) for the phase separation is designated the UCST. 

For water-soluble polymers the phase separation normally occurs when the temperature 

is raised until a LCST is reached, as shown in the lowest point of the upper curve in 

Figure 1.2 (a). In addition, Figure 1.2(b) shows the cloud point results of several WSP’s 

in the aqueous solutions. The direction of the arrow indicates the type of 6 behavior: ’-’ 

means demixing or phase separation on cooling, and ’<-’ indicates demixing on heating. 

For sufficiently high M,, the FH theory relates the cloud temperature 7, to the 6- 

temperature, 0, by: 

= 7 eM) | (1.7) 

where T, is the critical temperature, the lowest cloud point of each polymer molecular 

weight at various concentrations. 

(3) Viscosity: An isolated linear macromolecule with sufficiently high molecular 

weight tends to assume a random coil configuration. For sufficiently low MW or stiff 

chains, a rigid rod conformation can result. Intrinsic viscosity measurements can be used 

to determine the dimensions of the random coil and estimate the chain configuration at 

a specific temperature. 

The intrinsic viscosity [y] is related to the molecular weight M by the Mark- 

Houwink-Sakurada relation!*!’, expressed as: 
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[yn] = K-M’ (1.8) 

K and a are empirical constants for a given polymer under specified solution conditions. 

The limit a=0.5 corresponds to a Gaussian coil which is typically observed for flexible 

polymers at the 6-state. At the §-condition, the unperturbed chain radius of gyration 

<R,’>,'” is related to [n], by: 

[nly = KyM!? = 6°?-6,<R,?>,37/M (1.9) 

where ®, is a universal constant ~ 2.87x10” mole” for the non-draining case, determined 

from the Kirkwood-Riseman theory’. 

Special Problems with WSP’s, In summary, the thermodynamic properties of the non- 

ionic water-soluble polymers in water are very different from those of polymers in 

organic solvents where specific association of the solvent with the polymer does not 

occur. These differences include (i) strong specific association of solvent (water with 

polymer chains), (ii) the phase separation behavior (LCST) in water which is a 

consequence of (i), (iii) the failure of mean field theories which makes a precise 

description of solution properties in terms of x parameter or the excluded volume effect 

impossible, (iv) commonly observed aggregation of water-soluble polymer in water. A 

quantitative theory of these effects does not yet exist. 

The above thermodynamic properties of polymer solutions are needed especially 

in the studies of polymer adsorption at solid/liquid interfaces. Recently, de Gennes!® 

proposed a general form of the free energy function which attempts to account for at 

least some of the specific solvent association effects. The results suggest that the 

adsorption behavior may depend on the polymer configuration in solution. The 

configuration is related to the polymer-solvent interactions and polymer segment-segment 
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interaction.”? Two phase equilibrium concentration regimes were proposed for 

poly(ethylene oxide) (PEO) in water. At low concentration, the polymer forms the coils 

and at high concentrations, helix configuration responds to the formation of microgel. 

The author speculated that the adsorption of the helical configuration of PEO will be 

inhibited.*!% 

Polymer Adsorption. Self consistent field (SCF) theories!*!* for polymer solutions 

have served as the starting point for theories of polymer adsorption, most notably the 

lattice theory (S-F) of Scheutjens et al.” and scaling theory by de Gennes”. The scaling 

theory seeks to correlate the polymer adsorbed amount and layer thickness with the 

molecular weight, solubility, and, in the case of diblock copolymers, the ratio of the 

block length between anchor and tail blocks. Our current studies focus on how polymer 

adsorption is affected by polymer molecular weight, polymer solubility, solvent 

composition in binary solvent systems, and competitive adsorption from mixtures of 

polymers. 

According to S-F lattice theory, the adsorption behavior of a polymer is affected 

by two energetic parameters: the segmental adsorption energy parameter x,, and polymer- 

solvent interaction parameter y. As defined by Silberberg”, x,X7 is the net free energy 

change associated with the transfer of a polymer segment from a bulk site to a surface 

site minus that of a solvent molecule. This change includes breaking some solvent- 

polymer contacts in solution and some solvent-surface contacts when the polymer 

segment adsorbs. Adsorption occurs when x, is greater than x,,, the critical adsorption 

energy parameter which is the minimum change in free energy that a polymer segment 

has to overcome the loss of entropy upon adsorption. Typical values of x,, are less than 

1 kT *, 

In addition to the interaction considerations such as polymer-surface, polymer- 

solvent and solvent-surface, one of the principal problems still to be adequately resolved 

is the conformation of the polymer chains on the surface. Jenckel and Rumbach”’ in 1952 
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suggested that adsorbed polymer chains can have segments arranged in loops (Figure 

1.3(a)), flat sequences in contact with the surface are defined as ’trains’, and the free 

ends of the molecule extending into solution, defined as ’tails’. This has been verified 

for adsorbed homopolymer chains.?*4*! In a study by Barnett er al.™, the estimation of 

the segment density profiles of poly(vinyl acetate) on polystyrene latex particles from 

water have been carried out using solid-state NMR and small angle neutron scattering 

(SANS) techniques. 

If the polymer molecule is composed of two blocks with different affinities for 

the surface, i.e., the AB diblock copolymer (in Figure 1.3(b)), then the anchor block 

may preferentially adsorb in a loop-train conformation (with small loops) while the 

soluble block or B segments remain in solutions with one long tail. One of the most 

significant advantages of copolymer stabilizers over homopolymers stabilizers is the 

copolymer tail blocks can extend into the medium to form a relatively thick steric layer. 

Several studies””**”* have shown that the extension is a function of polymer molecular 

weight and the block length ratio of tail to anchor. This present work is focused on 

designing criteria for such a diblock system since this can result in a very efficient 

colloid stabilizer. 

Adsorption Theories. The adsorption of polymer is different from the adsorption of small 

molecules or low molecular weight surfactants. There are at least three qualitative 

differences: 

(1) The conformation of the adsorbed polymer chains differ from that in bulk 

solutions, due to the complex interactions between surfaces and polymer chains, surfaces 

and solvents, and solvents and polymer chains. There is no such change in conformation 

upon adsorption of low molecular weight compounds. The conformation of the chains is 

strongly dependent upon the added polymer concentration and the molecular weight of 

polymer chains. 

(2) The chain character of polymer chains leads to high affinity isotherms that are 
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Figure 1.3 Schematic representation of polymer adsorption conformation 
on solid surface. (A) Homopolymer; (B) Diblock Copolymer; (C) Grafted 

Copolymer. [34] 
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not predicted rigorously by the Langmuir adsorption theory, which has been proven to 

work well with low MW species. The chain character of polymers leads to competitive 

(or displacement) adsorption between polymers resulting from differences in the 

molecular weights of the polymer chains and their chemical structures. 

(3) The translational entropy loss during adsorption is more significant than that 

for small molecules, due to the large mass of the polymer. 

Homopolymer Adsorption Since the 1960’s, several theories have attempted to 

explain the behavior of polymer adsorption on a surface.*?°° A model, proposed by 

Perkel and Ullman*’, connected the plateau adsorbed amount (I',), i.e., the amount of 

adsorbed polymer at full surface coverage, and polymer molecular weight (Mw): 

T, = B-Mw* (1.10) 

where £ is an adjustable parameter that increases with the polymer adsorption affinity. 

Attempts have been made to relate the empirical exponent a with polymer conformations 

on the surface. However, this simplified relation was criticized by Fleer’, who pointed 

out that the Perkel-Ullman model did not consider the lateral interactions between the 

adsorbed polymer chains. 

More recently, the scaling theory of de Gennes” and the mean lattice theory (S-F) 

developed by Scheutjens and Fleer”, have had some success in describing polymer 

adsorption at the solid/liquid interface. The S-F lattice theory takes into account all 

possible chain conformations on and near the surface. The theory predicts that polymer 

adsorption strongly depends on several factors: molecular weight (Mw), polymer volume 

fraction in solution in equilibrium with surface (¢*), polymer segment-solvent interaction 

parameter (x), and segmental adsorption energy parameter (x,).”* According to the S-F 

mean field theory, polymer adsorption increases with x, (greater polymer-solvent 

attraction) and x (less solubility). The polymer adsorption process is sometimes regarded 
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�T�h�e� �s�c�a�l�i�n�g� �a�p�p�r�o�a�c�h� �i�s� �a�n�o�t�h�e�r� �w�a�y� �t�o� �m�o�d�e�l� �p�o�l�y�m�e�r� �a�d�s�o�r�p�t�i�o�n�.� �M�a�r�q�u�e�s� �a�n�d� 

�J�o�a�n�n�y� �(�M�J�) ��*� �a�d�a�p�t�e�d� �s�c�a�l�i�n�g� �t�h�e�o�r�y� �t�o� �e�x�p�l�a�i�n� �d�i�b�l�o�c�k� �c�o�p�o�l�y�m�e�r� �a�d�s�o�r�p�t�i�o�n�.� �W�h�e�n� 

�b�o�t�h� �b�l�o�c�k�s� �a�r�e� �d�i�s�s�o�l�v�e�d� �i�n� �a� �g�o�o�d� �s�o�l�v�e�n�t�,� �a� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �a�s�y�m�m�e�t�r�y� �r�a�t�i�o� �8� �c�a�n� �b�e� 

�d�e�f�i�n�e�d� �i�n� �t�e�r�m�s� �o�f� �t�h�e� �F�l�o�r�y� �r�a�d�i�i� �o�f� �t�h�e� �c�o�m�p�o�n�e�n�t� �p�o�l�y�m�e�r�s�,� �B�=�(�R�,�/�R�,�)�* �� �~� 

�(�N�,�/�N�g�)�° ��a ��,� �w�h�e�r�e� �a �� �i�s� �t�h�e� �m�o�n�o�m�e�r� �l�e�n�g�t�h� �r�a�t�i�o� �o�f� �t�a�i�l� �b�l�o�c�k�s� �t�o� �a�n�c�h�o�r� �b�l�o�c�k�s�,� �R�,� 

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

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

�o�n� �a�d�s�o�r�p�t�i�o�n�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �M�J� �t�h�e�o�r�y�,� �t�h�e� �a�d�s�o�r�b�e�d� �l�a�y�e�r� �t�h�i�c�k�n�e�s�s� �(�L�)� �c�a�n� �b�e� �r�e�l�a�t�e�d� �t�o� 

�t�h�e� �d�e�g�r�e�e� �o�f� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �o�f� �t�h�e� �t�a�i�l� �b�l�o�c�k� �(�N�,�)� �a�n�d� �a�d�s�o�r�b�e�d� �s�u�r�f�a�c�e� �d�e�n�s�i�t�y� �(�0�)� �b�y�:� 

�L� �~� �N�,�0�'�%� �(�1�.�1�4�)� 

�s�i�n�c�e� �s�u�r�f�a�c�e� �d�e�n�s�i�t�y� �¢�=�(�T ��, ��N�,�/�M�w�)�:�1�0�7�'� �~� �N�,�"�, �� �w�h�e�r�e� �I ��,� �i�s� �t�h�e� �a�d�s�o�r�b�e�d� �a�m�o�u�n�t� �o�f� 

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

�L� �~� �N�a�N�,� �f�o�r� �B�<�N�,�} ��,� �(�1�.�1�5�)� 

�a�n�d� 

�L� �~� �N�,�O�N�,�2 �� �f�o�r� �B�>�N�,�) ��.� �(�1�.�1�6�)� 

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

�B�=�N�,�' ��,� �a�t� �w�h�i�c�h� �b�o�t�h� �t�h�e� �a�d�s�o�r�b�e�d� �a�m�o�u�n�t� �(�I�)� �a�n�d� �t�h�i�c�k�n�e�s�s� �(�L�)� �r�e�a�c�h� �a� �m�a�x�i�m�u�m�.� 

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

�a� �n�o�n�-�s�e�l�e�c�t�i�v�e� �s�o�l�v�e�n�t�.� �W�u� �a�n�d� �c�o�-�w�o�r�k�e�r�s�®� �v�e�r�i�f�i�e�d� �t�h�e� �S�-�F� �t�h�e�o�r�y� �(�E�q�u�a�t�i�o�n�s� �1�.�1�2�-� 

�1�.�1�3�)� �a�n�d� �M�J� �m�o�d�e�l� �(�E�q�u�a�t�i�o�n�s� �1�.�1�5�-�1�.�1�6�)� �w�i�t�h� �e�x�p�e�r�i�m�e�n�t�s� �m�e�a�s�u�r�i�n�g� �t�h�e� �a�d�s�o�r�p�t�i�o�n� 

�o�f� �p�o�l�y�(�d�i�m�e�t�h�y�l� �a�m�i�n�o� �e�t�h�y�l� �m�e�t�h�a�c�r�y�l�a�t�e�-�b�-�b�u�t�y�l� �m�e�t�h�a�c�r�y�l�a�t�e�)� �(�D�M�A�E�M�-�B�M�A�)� �o�n� 

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

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

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

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

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

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

�o�f� �c�e�r�a�m�i�c� �s�u�s�p�e�n�s�i�o�n�s�,� �e�m�u�l�s�i�o�n�s�,� �a�n�d� �c�o�a�t�i�n�g�s�.� �I�n� �o�r�d�e�r� �f�o�r� �a� �p�o�l�y�m�e�r� �t�o� �b�e� �a�n� 
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�e�f�f�e�c�t�i�v�e� �s�t�e�r�i�c� �s�t�a�b�i�l�i�z�e�r�,� �s�e�v�e�r�a�l� �r�e�q�u�i�r�e�m�e�n�t�s� �n�e�e�d� �t�o� �b�e� �m�e�t�:�'� �(�i�)� �t�h�e� �s�e�g�m�e�n�t�a�l� �e�n�e�r�g�y� 

�x�,� �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� �x�,�,�;� �(�i�i�)� �p�o�l�y�m�e�r� �c�h�a�i�n�s� �s�h�o�u�l�d� �c�o�v�e�r� 

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

�t�h�e� �l�i�q�u�i�d� �p�h�a�s�e� �i�.�e�.�,� �x�<�0�.�5�,� �a�n�d� �(�i�v�)� �t�h�e� �a�d�s�o�r�b�e�d� �l�a�y�e�r� �m�u�s�t� �b�e� �s�u�f�f�i�c�i�e�n�t�l�y� �t�h�i�c�k� �t�o� 

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

�t�h�e� �a�d�s�o�r�b�e�d� �l�a�y�e�r�s� �r�e�q�u�i�r�e�d� �f�o�r� �s�t�e�r�i�c� �s�t�a�b�i�l�i�z�a�t�i�o�n� �l�i�e� �i�n� �t�h�e� �r�a�n�g�e� �2�-�2�0� �n�m�.� �B�a�s�e�d� �o�n� 

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

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

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

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

�s�t�a�b�i�l�i�z�i�n�g� �a�n�d� �a�n�c�h�o�r�i�n�g� �c�h�a�i�n�s�,� �F�i�g�u�r�e� �1�.�3�(�b�,�c�)�.� �S�e�v�e�r�a�l� �s�t�u�d�i�e�s� �h�a�v�e� �s�h�o�w�n� �t�h�a�t� �d�i�b�l�o�c�k� 

�c�o�p�o�l�y�m�e�r�s� �c�a�n� �s�e�r�v�e� �a�s� �b�e�t�t�e�r� �s�t�a�b�i�l�i�z�e�r�s� �t�h�a�n� �h�o�m�o�p�o�l�y�m�e�r�s�.�*�*�*�>� �L�o�w�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� 

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

�t�h�i�c�k�n�e�s�s� �o�f� �t�h�e� �s�t�e�r�i�c� �l�a�y�e�r� �c�a�n� �b�e� �c�o�n�t�r�o�l�l�e�d� �b�y� �a�d�j�u�s�t�i�n�g� �t�h�e� �M�W� �o�f� �t�a�i�l� �b�l�o�c�k�.� �T�h�i�s� 

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

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

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

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

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

�M�o�d�i�f�i�e�d� �D�L�V�O� �T�h�e�o�r�y� �T�o� �c�o�n�t�r�o�l� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �d�i�s�p�e�r�s�i�o�n�s�,� �i�t� �i�s� �n�e�c�e�s�s�a�r�y� �t�o� 

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

�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�!� �w�h�i�c�h� �w�a�s� �m�o�d�i�f�i�e�d� �t�o� �t�a�k�e� �i�n�t�o� 

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

�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� �V�;�(�h�)�:� 

�V�r�(�h�)� �=� �V�a�(�h�)� �+� �V�e�h�)� �+� �V�s�(�h�)� �(�1�.�1�7�)� 

�1�9



�w�h�e�r�e� �h� �i�s� �t�h�e� �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�,� �V�;�,� �V�,� �a�n�d� �V�a�z� �a�r�e� �t�h�e� 

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

�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� �V�,�(�h�)� �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� �m�e�d�i�u�m� �(�3�)� �c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �i�n� �t�h�e� �f�o�r�m�:� 

�A� �i�,� �1� �2� �V�,�=�-� �3�]� �+�2�I�n�(�~�*�2�*�_�]� �(�1�.�1�8�)� 
�1�2� �¢�2�4�2�x� �x�2�4�2�x�4�1� �x�7�4�+�2�x�4�+�1� 
� � 

�w�h�e�r�e� �x�=�h�/�(�2�-�R�)�,� �R� �i�s� �t�h�e� �p�a�r�t�i�c�l�e� �r�a�d�i�u�s�.� �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� �g�i�v�e�n� �b�y�:� 

�A�y�s�,� �=� �(�A�y� �~�A�g�3�) �� �(�1�.�1�9�)� 

�w�h�e�r�e� �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� �i�s� �d�i�r�e�c�t�l�y� �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� �b�y�:�*� 

�A�y�=�3�7�h�,�V�0�,�7�q�,�7�/�4� �(�1�.�2�0�)� 

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

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

�H�a�m�a�k�e�r� �c�o�n�s�t�a�n�t� �A�;� �«� �a ��.� �T�h�e� �L�o�r�e�n�z�-�L�o�r�e�n�t�z� �e�q�u�a�t�i�o�n� �i�s� �a� �r�e�l�a�t�i�o�n�s�h�i�p� �b�e�t�w�e�e�n� 

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

� � � � 

�a� �n�?�-� �1�,� �,�3�v� �=�  �� �1�.�2�1� �i�n�e�,� �C�c�;� �)�G�)� �(�1�.�2�1�)� 

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

�l�i�q�u�i�d� �s�t�a�t�e�.� �T�h�e� �L�o�r�e�n�z�-�L�o�r�e�n�t�z� �e�q�u�a�t�i�o�n� �s�h�o�w�s� �t�h�a�t� �A�,� �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� 

�2�0



�i�n�d�e�x� �n�.� �S�e�v�e�r�a�l� �c�o�m�m�o�n� �v�a�l�u�e�s� �o�f� �H�a�m�a�k�e�r� �c�o�n�s�t�a�n�t�s� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �1�.�2�.� 

�T�a�b�l�e� �1�.�2� �H�a�m�a�k�e�r� �c�o�n�s�t�a�n�t�s� �f�o�r� �v�a�r�i�o�u�s� �m�a�t�e�r�i�a�l�s� 

� � 

� � 

�M�a�t�e�r�i�a�l� �A�,�,�(�1�0�7�°�J�)� �R�e�f�.� 

�w�a�t�e�r� �3�.�0� �-� �6�.�1� �3�6� 
�P�o�l�y�(�s�t�y�r�e�n�e�)� �5�.�6� �-� �6�.�4� �3�6� 
�P�o�l�y�(�m�e�t�h�y�l� �m�e�t�h�a�c�r�y�l�a�t�e�)� �7�.�1�1� �3�4� 
�S�i�l�i�c�a� �(�S�i�O�,�)� �8�.�6� �3�6� 
�T�i�t�a�n�i�u�m� �o�x�i�d�e� �(�T�i�O�,�)� �1�1� �-� �3�1� �4�4� 
�A�l�u�m�i�n�a� �(�A�l�]�,�O�,�)� �1�4�.�8�-�1�5�.�5� �4�4� 

� � 

�B�a�s�e�d� �o�n� �E�q�u�a�t�i�o�n� �(�1�.�1�8�)�,� �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� �i�n�c�r�e�a�s�e�s� �w�i�t�h� �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�.� �T�h�u�s�,� �p�o�l�y�(�s�t�y�r�e�n�e�)� �l�a�t�e�x� �p�a�r�t�i�c�l�e�s� �c�a�n� �b�e� �s�t�a�b�i�l�i�z�e�d� �i�n� 

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

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

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

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

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

�e�l�e�c�t�r�o�s�t�a�t�i�c� �d�o�u�b�l�e�-�l�a�y�e�r�,� �«�!�,� �a�n�d� �i�s� �e�x�p�r�e�s�s�e�d� �a�s�:� 

�K�!� �=� �(�e�°�k�T�/�2�e ��1�) �� �(�1�.�2�2�)� 

�w�h�e�r�e� �e�=�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�=�B�o�l�t�z�m�a�n�n ��s� �c�o�n�s�t�a�n�t�;� �T�=�t�e�m�p�e�r�a�t�u�r�e�;� 

�e�=�e�l�e�c�t�r�o�n�i�c� �c�h�a�r�g�e�.� �T�h�e� �i�o�n�i�c� �s�t�r�e�n�g�t�h� �J�=�'�4�-�n�,�(�z�,�) ��,� �w�h�e�r�e� �n�;�=� �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�;�=�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�w� �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�s� �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� �c�a�n� �b�e� �e�x�p�r�e�s�s�e�d� �q�u�a�n�t�i�t�a�t�i�v�e�l�y� �i�n� �t�h�e� �f�o�r�m�s�:� 

�2�1



�V�i�(�h�)� �=� �2�x ¬�, ¬�o�y�, ��-�I�n�[�1�+�e�x�p�(�-�x�h�)�]� �f�o�r� �x�-�R�>�1�0� �(�1�.�2�3�a�)� 

�V�,�(�h�)� �=� �4�x ¬�, ¬�9�¥�,�2�°�R�:�e�x�p�(�-�x�h�)�/�(�h�+�2�R�)� �f�o�r� �c�R�<�3� �(�1�.�2�3�b�)� 

�w�h�e�r�e� �e�,� �a�n�d�  ¬�,� �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� �s�p�a�c�e�.� 

�V�z� �i�s� �o�f�t�e�n� �i�g�n�o�r�e�d� �w�h�e�r�e� �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� �w�h�e�r�e� �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�.� 

�T�h�e� �s�t�e�r�i�c� �i�n�t�e�r�a�c�t�i�o�n� �(�V�;�)� �c�o�n�t�a�i�n�s� �t�w�o� �c�o�m�p�o�n�e�n�t�s�:� �a�n� �o�s�m�o�t�i�c� �(�e�n�t�h�a�l�p�i�c�)� 

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

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

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

�t�h�e� �s�u�r�f�a�c�e�s�.� 

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

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

�t�w�i�c�e� �o�f� �t�h�e� �a�d�s�o�r�b�e�d� �l�a�y�e�r� �t�h�i�c�k�n�e�s�s�,� �2�5�,� �t�h�e�r�e� �i�s� �n�o� �s�t�e�r�i�c� �r�e�p�u�l�s�i�o�n�.� �A�s� �p�a�r�t�i�c�l�e�s� 

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

�f�o�r� �6�<�h�<�2�6�.� �I�n� �g�e�n�e�r�a�l�,� �t�h�e� �e�l�a�s�t�i�c� �i�n�t�e�r�a�c�t�i�o�n� �i�n� �t�h�e� �i�n�t�e�r�p�e�n�e�t�r�a�t�i�o�n� �d�o�m�a�i�n� �i�s� 

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

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

�V�r�)� �4�n�R�8�?� �1� �1� �h� �2� �r�r� �(�7�7� �G�-�x�)� �+�1�5� �f� �G�o�m�l�a�-�z�)� �6� �<�h�x�2�6� �(�1�.�2�4�)� 

�V�.�(�h�)�=�0� �h�>�2�8� 

� � 

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

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

�p�a�r�a�m�e�t�e�r� �x�,� �a�n�d� �x�=�x�,�+�x�,�"�f�.� �R�e�p�u�l�s�i�v�e� �i�n�t�e�r�p�a�r�t�i�c�l�e� �f�o�r�c�e�s� �t�h�u�s� �i�n�c�r�e�a�s�e� �w�i�t�h� �t�h�e� 

�s�o�l�u�b�i�l�i�t�y� �o�f� �t�h�e� �t�a�i�l� �b�l�o�c�k� �(�d�e�c�r�e�a�s�i�n�g� �x�)�.� �W�h�e�n� �p�a�r�t�i�c�l�e�s� �f�u�r�t�h�e�r� �a�p�p�r�o�a�c�h� �s�u�c�h� �t�h�a�t� 
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�h�<�6�,� �a�n� �e�l�a�s�t�i�c� �f�a�c�t�o�r� �i�s� �s�i�g�n�i�f�i�c�a�n�t� �a�n�d� �d�o�m�i�n�a�t�e�s� �t�h�e� �r�e�p�u�l�s�i�o�n� �f�o�r�c�e�s�.� 

�F�r�o�m� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �i�n� �E�q�u�a�t�i�o�n� �(�1�.�2�4�)�,� �t�h�e� �s�t�e�r�i�c� �r�e�p�u�l�s�i�v�e� �p�o�t�e�n�t�i�a�l� �V�,� �i�s� 

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

�p�o�l�y�m�e�r� �s�o�l�u�b�i�l�i�t�y� �(�x�)�.� �C�o�s�g�r�o�v�e� �e�t� �a�l�.�*�3�"�*�'�?� �m�e�a�s�u�r�e�d� �t�h�e� �s�e�g�m�e�n�t�-�d�e�n�s�i�t�y� �d�i�s�t�r�i�b�u�t�i�o�n� 

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

�h�o�m�o�p�o�l�y�m�e�r�s� �s�u�c�h� �a�s� �P�E�O�,� �p�o�l�y�(�v�i�n�y�l�]� �a�c�e�t�a�t�e�)�(�P�V�A�)�,� �b�l�o�c�k� �c�o�p�o�l�y�m�e�r�s� �s�u�c�h� �a�s� �t�r�i�b�l�o�c�k� 

�P�E�O�-�P�P�O�-�P�E�O� �a�n�d� �d�i�b�l�o�c�k� �p�o�l�y�(�s�t�y�r�e�n�e�-�v�i�n�y�l� �p�y�r�r�o�l�i�d�o�n�e�)�(�P�S�-�P�V�P�)�)�,� �r�a�n�d�o�m� 

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

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

�s�i�l�i�c�a�)� �b�y� �s�o�l�i�d�-�s�t�a�t�e� �N�M�R� �a�n�d� �s�m�a�l�l� �a�n�g�l�e� �n�e�u�t�r�o�n� �s�c�a�t�t�e�r�i�n�g� �(�S�A�N�S�)� �t�e�c�h�n�i�q�u�e�s�.� �T�h�e� 

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

�T�h�u�s�,� �u�s�i�n�g� �s�o�l�i�d�-�s�t�a�t�e� �N�M�R� �a�n�d� �S�A�N�S� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �s�e�g�m�e�n�t�-�d�e�n�s�i�t�y� �f�u�n�c�t�i�o�n� 

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

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

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

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

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

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

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

�D�i�f�f�e�r�e�n�t� �p�a�r�t�i�c�l�e� �i�n�t�e�r�a�c�t�i�o�n�s� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �d�i�s�t�a�n�c�e� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�.�4�.� 

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

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

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

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

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

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

�(�B�)� 

�(�C�)� 

� � 

�P�r�i�m�a�r�y� 
�m�a�x�i�m�u�m� �(�V�m�a�x�)� 

�[�\�_� 
 �� �D�i�s�t�a�n�c�e� 

�S�e�c�o�n�d�a�r�y� 
�m�i�n�i�m�u�m� �P�r�i�m�a�r�y� �(�V�s�m�)� 

�_� �m�i�n�i�m�u�m� �(�V�m�i�n�)� 

� � 

� � 
�W�C� �D�i�s�t�a�n�c�e� 

� � 

� � 
�a� �D�i�s�t�a�n�c�e� 

�F�i�g�u�r�e� �1�.�4� �T�o�t�a�l� �e�n�e�r�g�y�-�d�i�s�t�a�n�c�e� �c�u�r�v�e�s� �f�o�r� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �s�t�a�b�i�l�i�z�a�t�i�o�n� �m�e�c�h�a�n�i�s�m�s�.� 
�(�A�)� �E�l�e�c�t�r�o�s�t�a�t�i�c�;� �(�B�)� �S�t�e�r�i�c� �(�p�o�l�y�m�e�r�s�)�;� �(�C�)� �E�l�e�c�t�r�o�s�t�a�t�i�c� �+� �s�t�e�r�i�c� �(�p�o�l�y�e�l�e�c�t�r�o�l�y�t�e�s�)�.�[�1�]� 
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�c�h�a�r�a�c�t�e�r�i�z�e� �t�h�e� �s�u�s�p�e�n�s�i�o�n� �s�t�a�b�i�l�i�t�y�,� �a�n�d� �d�e�f�i�n�e�d� �a�s�:� 

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

�T�h�e� �r�a�t�i�o� �W� �v�a�l�u�e� �c�a�n� �a�l�s�o� �b�e� �e�x�p�r�e�s�s�e�d� �i�n� �t�e�r�m�s� �o�f� �t�h�e� �t�o�t�a�l� �e�n�e�r�g�y� �V�7�(�h�)� �b�y�:� 

�(�1�.�2�5�)� � � 

�_� �»� �e�x�p�(�V�,� �(�A�)�/�k�T�)� �d�h� 

�W� �=� �2�R�f� �(�h� �+� �2�R�y� 

�I�n� �t�h�e� �a�b�s�e�n�c�e� �o�f� �a�n� �e�n�e�r�g�y� �b�a�r�r�i�e�r�,� �i�.�e�.� �V�;�=�0�,� �W�=�1�,� �t�h�e� �p�a�r�t�i�c�l�e�s� �a�g�g�r�e�g�a�t�e� �r�a�p�i�d�l�y�.� 

�F�o�r� �l�a�r�g�e� �V�;�,� �W� �i�n�c�r�e�a�s�e�s� �a�n�d� �t�h�e� �r�a�t�e� �o�f� �c�o�a�g�u�l�a�t�i�o�n� �s�l�o�w�s� �d�o�w�n�.� �F�o�r� �V�,�,�,� �i�S� �g�r�e�a�t�e�r� 

�t�h�a�n� �1�5� �k�T�,� �W�~� �1�0�°�.� �F�o�r� �V�,�,�,�,�=�2�5� �k�T�,� �W� �~� �1�0�°� �a�n�d� �s�u�s�p�e�n�s�i�o�n�s� �c�a�n� �b�e� �s�t�a�b�l�e� �f�o�r� �s�e�v�e�r�a�l� 

�m�o�n�t�h�s�.�?� 

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

�s�u�s�p�e�n�s�i�o�n�s�.� �F�i�g�u�r�e� �1�.�5�(�a�)� �i�s� �a� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �p�l�o�t� �o�f� �v�i�s�c�o�s�i�t�y� �v�e�r�s�u�s� �s�t�r�e�s�s� �f�o�r� �t�w�o� 

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

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

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

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

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

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

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

�s�t�a�b�i�l�i�z�a�t�i�o�n� �c�o�n�d�i�t�i�o�n�s�:� �c�u�r�v�e� �A� �-� �c�o�a�g�u�l�a�t�e�d� �p�a�r�t�i�c�l�e�s�,� �c�u�r�v�e� �B� �-� �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�a�r�t�i�c�l�e�s�,� �c�u�r�v�e� �C� �-� �w�e�a�k�l�y� �f�l�o�c�c�u�l�a�t�e�d� �p�a�r�t�i�c�l�e�s�,� �a�n�d� �c�u�r�v�e� �D� �-� �t�h�e� �h�a�r�d�-�s�p�h�e�r�e� 

�b�a�s�e� �l�i�n�e� �w�i�t�h� �s�t�e�r�i�c� �s�t�a�b�i�l�i�z�a�t�i�o�n�.� 
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�F�i�g�u�r�e� �1�.�5� �(�A�)� �D�e�p�e�n�d�e�n�c�e� �o�f� �t�h�e� �s�u�s�p�e�n�s�i�o�n� �v�i�s�c�o�s�i�t�y� �o�n� �s�h�e�a�r� �s�t�r�e�s�s� �f�o�r� �s�t�e�r�i�c�a�l�l�y� �s�t�a�b�i�l�i�z�e�d� 
�m�a�t�e�r�i�a�l� �( � �� �_�)�,� �a�n�d� �f�l�o�c�c�u�l�a�t�e�d� �m�a�t�e�r�i�a�l� �(�.�.�.�.�.�.� �)�.� �(�B�)� �E�f�f�e�c�t� �o�f� �p�a�r�t�i�c�l�e� �i�n�t�e�r�a�c�t�i�o�n�s� �o�n� �t�h�e� �l�o�w� 
�s�h�e�a�r� �v�i�s�c�o�s�i�t�y� �o�f� �s�u�s�p�e�n�s�i�o�n�s� �r�e�l�a�t�i�v�e� �t�o� �t�h�a�t� �o�f� �t�h�e� �s�o�l�v�e�n�t� �v�o�l�u�m�e� �f�r�a�c�t�i�o�n�.� �C�u�r�v�e� �A�,� �c�o�a�g�u�l�a�t�e�d� 
�p�a�r�t�i�c�l�e�s�;� �B�,� �s�m�a�l�l� �s�t�a�b�l�e� �a�n�d� �c�h�a�r�g�e�d� �p�a�r�t�i�c�l�e�s�,� �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�,� �w�e�a�k�l�y� �f�l�o�c�c�u�l�a�t�e�d� 
�l�a�r�g�e� �p�a�r�t�i�c�l�e�s�,� �a�n�d� �D�,� �h�a�r�d�-�s�p�h�e�r�e� �b�a�s�e� �l�i�n�e� �w�i�t�h� �s�t�e�r�i�c� �s�t�a�b�i�l�i�z�a�t�i�o�n�.� �[�8�]� 
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�A�P�P�L�I�C�A�T�I�O�N�S� �O�F� �T�H�I�S� �W�O�R�K� 

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

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

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

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

�p�a�c�k�e�d� �g�r�e�e�n� �m�i�c�r�o�s�t�r�u�c�t�u�r�e�s�,� �f�i�n�e� �p�o�w�d�e�r� �s�i�z�e� �(�~� �0�.�0�1� �-� �0�.�1� �u�m�)� �w�i�t�h� �a� �n�a�r�r�o�w� �p�a�r�t�i�c�l�e� 

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

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

�@�>�5�0�%�.� �H�i�g�h�l�y� �a�g�g�r�e�g�a�t�e�d� �s�u�s�p�e�n�s�i�o�n�s� �c�a�n� �l�e�a�d� �t�o� �v�o�i�d�s� �i�n� �t�h�e� �g�r�e�e�n� �b�o�d�y�,� �w�h�i�c�h� �w�i�l�l� 

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

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

�d�i�e�l�e�c�t�r�i�c� �b�r�e�a�k�d�o�w�n� �i�n� �e�l�e�c�t�r�o�n�i�c� �c�e�r�a�m�i�c�s�.� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�e�x�p�l�a�i�n� �w�a�t�e�r�-�s�o�l�u�b�l�e� �p�o�l�y�m�e�r� �s�o�l�u�t�i�o�n� �b�e�h�a�v�i�o�r�,� �s�u�c�h� �a�s� �t�h�e� �L�C�S�T� �a�n�d� �n�e�g�a�t�i�v�e� �e�n�t�r�o�p�y� 
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�o�f� �d�i�l�u�t�i�o�n� �o�f� �t�h�e� �w�a�t�e�r�.� �A�n�y� �q�u�a�n�t�i�t�a�t�i�v�e� �t�h�e�o�r�y� �f�o�r� �s�t�e�r�i�c� �s�t�a�b�i�l�i�z�a�t�i�o�n� �m�u�s�t� �r�e�s�t� �o�n� �a� 

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

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

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

�h�o�m�o�p�o�l�y�m�e�r�s�.� 

�G�O�A�L�S� �O�F� �T�H�E� �S�T�U�D�Y� 

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

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

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

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

�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�.� �S�e�v�e�r�a�l� �p�r�o�b�l�e�m�s� �w�e�r�e� �a�d�d�r�e�s�s�e�d�:� 

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

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

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

�r�e�l�a�t�e� �t�o� �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�.� �T�h�e�s�e� �p�r�o�p�e�r�t�i�e�s� �a�r�e� �p�r�i�m�a�r�i�l�y� �A�,�,� �A�s ��,� �A�h!"�*�.� �T�h�e� 

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

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

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

�a�n�s�w�e�r� �i�n�c�l�u�d�e�:� 

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

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

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

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

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

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

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

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

�s�y�n�t�h�e�s�i�z�e�d� �i�n� �a� �w�i�d�e� �s�i�z�e� �r�a�n�g�e� �f�r�o�m� �0�.�0�5� �t�o� �0�.�3� �u�m� �b�y� �t�h�e� �S�t�é�b�e�r� �m�e�t�h�o�d�. �� �T�h�u�s�,� 

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

�w�o�r�k� �c�a�n� �b�e� �e�x�t�e�n�d�e�d� �t�o� �o�t�h�e�r� �c�e�r�a�m�i�c� �m�e�t�a�l� �o�x�i�d�e� �p�a�r�t�i�c�l�e�s�,� �s�u�c�h� �a�s� �T�i�O�,�,� �a�n�d� �A�l�,�O�3�.� 

�T�h�e� �p�o�l�y�m�e�r�s� �u�s�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �i�n�c�l�u�d�e� �p�o�l�y�(�2�-�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)� �(�P�E�O�X�)�,� �p�o�l�y�(�2�-� 

�m�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)� �(�P�M�O�X�)�,� �p�o�l�y�(�d�i�m�e�t�h�y�l� �s�i�l�o�x�a�n�e�)� �(�P�D�M�S�)�,� �p�o�l�y�(�v�i�n�y�l� �m�e�t�h�y�l� �e�t�h�e�r�)� 

�(�P�V�M�E�)�,� �p�o�l�y�(�e�t�h�y�l�e�n�e� �o�x�i�d�e�)� �(�P�E�O�)� �a�n�d� �p�o�l�y�(�p�r�o�p�y�l�e�n�e� �o�x�i�d�e�)� �(�P�P�O�)�.� �T�h�e� �c�h�e�m�i�c�a�l� 

�s�t�r�u�c�t�u�r�e�s� �a�r�e� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �1�.�6�.� �I�n� �a�d�d�i�t�i�o�n�,� �c�o�p�o�l�y�m�e�r�s� �o�f� �P�E�O�X�-�P�D�M�S� �a�n�d� �P�E�O�X�-� 

�P�V�M�E� �w�e�r�e� �p�r�e�p�a�r�e�d�.� �T�h�e� �p�o�l�y�(�d�i�m�e�t�h�y�l� �a�m�i�n�o� �e�t�h�y�l� �m�e�t�h�a�c�r�y�l�a�t�e�-�b�-�b�u�t�y�l� �m�e�t�h�a�c�r�y�l�a�t�e�)� 

�(�D�M�A�E�M�-�B�M�A�)� �w�e�r�e� �g�e�n�e�r�o�u�s�l�y� �d�o�n�a�t�e�d� �b�y� �D�r�.� �D�.� �T�.� �W�u� �i�n� �t�h�e� �D�u� �P�o�n�t� �C�h�e�m�i�c�a�l� 

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

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

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

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

�r�i�n�g�-�o�p�e�n�i�n�g� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �(�v�i�a� �a�n� �S�,�2� �r�e�a�c�t�i�o�n�)� �o�f� �2�-�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e� �i�n�i�t�i�a�t�e�d� �b�y� 

�b�e�n�z�y�l� �i�o�d�i�d�e�s� �i�n� �c�h�l�o�r�o�b�e�n�z�e�n�e� �a�t� �1�1�0�°�C�. �� 

�T�H�E�S�I�S� �O�R�G�A�N�I�Z�A�T�I�O�N� 

�C�h�a�p�t�e�r�s� �2� �t�o� �6� �a�r�e� �w�r�i�t�t�e�n� �i�n� �a� �m�a�n�u�s�c�r�i�p�t� �f�o�r�m�a�t�.� �E�a�c�h� �c�h�a�p�t�e�r� �h�a�s� �i�t�s� �o�w�n� 

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

�c�o�n�c�l�u�s�i�o�n�s�,� �a�n�d� �r�e�f�e�r�e�n�c�e�s�.� 
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�P�o�l�y�(�e�t�h�y�l� �o�x�a�z�o�l�i�n�e�)�:� �P�E�O�X� 

�P�o�l�y�(�v�i�n�y�l� �m�e�t�h�y�l� �e�t�h�e�r�)�:� �P�V�M�E� 

�P�o�l�y�(�d�i�m�e�t�h�y�l� �s�i�l�o�x�a�n�e�)�:� �P�D�M�S� 

�P�o�l�y�(�e�t�h�y�l�e�n�e� �o�x�i�d�e�)�:� �P�E�O� 

�P�o�l�y�(�p�r�o�p�y�l�e�n�e� �o�x�i�d�e�)�:� �P�P�O� 

 ��f� �C�H�, �� �C�H�, ��N�T�_� 
�|� �o�n� 
�C�=�O� 

�C�H�;� �C�H�,� 

 ��T�t� �C�H�5 �� �C�H�T �� 
�n� 

�C�H�3� 

�r� 
�n� 

�C�H�3� 

 ��T�t� �C�H�5 �� �C�H�, �� �O�T� 

 ��t� �C�H�,�5 �� �C�H�  ��O�-�+ �� 
�2� �|� �n�h� 

�C�H�,� 

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



�C�o�p�o�l�y�m�e�r�:� �P�E�O�X�-�P�V�M�E� 

 � ¬� �C�H�> �� �C�H�)�-� �N�n� �R � ¬�C�H�) �� �U�Y�,� 

� � 

�O�=�C� �O� 

�|� �|� 
�H�3�C�  ��C�H� �4� �C�H�,� 

�C�o�p�o�l�y�m�e�r�:� �P�E�O�X�-�P�D�M�S� 

�1�3�  ��¢� �C�H�)� �C�H�?� �-�N� �}�-�R�- ¬�O� �S�r� 

�O�=�6� �C�H�;� 

�F�3�C�  ��C�H�9� 

�R� �=� �a�l�k�y�l�,� �b�e�n�z�y�l� 
� � � � � � 

�p�o�l�y�(�d�i�m�e�t�h�y�l� �a�m�i�n�o� �e�t�h�y�l� �m�e�t�h�a�c�r�y�l�a�t�e�-�b�-�b�u�t�y�l� 
�m�e�t�h�a�c�r�y�l�a�t�e�)� �(�D�M�A�E�M�-�B�M�A�)�:� 

�H�G�H� �H�O�H� 
�C�E�E� �O�n� �C�E�E� 

�H� �¢�=�0� �H� �¢�=�0� 

�0� �0� 
�(�C�H�?� �)�2� �(�C�H�2�)�3� 

�N�Y� �C�H�3� 
�H�3�C� �C�H�3� 

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

� � � � 

�I�n�i�t�i�a�t�i�o�n� �R ��I� �4� �M�l� 

�C�H�,�C�H�,�  ��N�o� 

�T�=�1�1�5�°�C� 

�I� �*�N� �R ��N� �n� �|�|� 
�P�r�o�p�a�g�a�t�i�o�n� �I� �+� �+� �L�A� 

�C�H�,�C�H�,�~�  ��N�o� �C�H� �C�H�,� �O� 

�T�=�1�1�5�°�C� 

�R� �N�C�H� �)�C�H�,� �X� �r� 
�C� �=�O� �K� 

�T�e�r�m�i�n�a�t�i�o�n� �C�H�,�C�H� �;� �C�,�H� �O� 

�R�o�o�m� �T�e�m�p�e�r�a�t�u�r�e� 

�K�O�H�/�M�e�O�H�,� �o�r� �N�H� �3�/�M�e�O�H� 

�R�  ��E� �N�-�C�H�,� �C�H�)� �}�-�N�-�C�H�)� �C�H� �-�O�H� 

�C�=�0� �C�=�0� � � 

� � 
�|� �|� �_� 
�C�H�,�C�H�,� � �C�H�,�C�H�;� �R� �=� �a�l�k�y�l�,� �b�e�n�z�y�l� � � � � 

�F�i�g�u�r�e� �1�.�8� �A�n� �s�c�h�e�m�a�t�i�c� �i�l�l�u�s�t�r�a�t�i�o�n� �o�f� �t�h�e� �P�o�l�y�(�a�l�k�y�l� �o�x�a�z�o�l�i�n�e�)� �r�i�n�g�-�o�p�e�n�i�n�g� 
�p�o�l�y�m�e�r�i�z�a�t�i�o�n� �p�r�o�c�e�s�s�.� 
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�C�h�a�p�t�e�r� �2� �p�r�i�m�a�r�i�l�y� �c�o�n�c�e�r�n�s� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �s�o�l�u�t�i�o�n�s� �o�f� �p�o�l�y�(�2�-�e�t�h�y�l�-�2�-� 

�o�x�a�z�o�l�i�n�e�)� �i�n� �w�a�t�e�r� �a�n�d� �a�l�c�o�h�o�l�s� �u�s�i�n�g� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g�,� �G�P�C�,� �v�i�s�c�o�s�i�m�e�t�r�y� �a�n�d� �c�l�o�u�d� 

�p�o�i�n�t� �m�e�a�s�u�r�e�m�e�n�t�s�.� �F�r�o�m� �t�h�i�s�,� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�s� �o�f� �P�E�O�X�,� �t�h�e� �K�u�h�n� �l�e�n�g�t�h� �o�f� 

�P�E�O�X� �s�e�g�m�e�n�t�s�,� �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�s� �o�f� �P�E�O�X� �i�n� �s�o�l�v�e�n�t�s�,� �a�n�d� �t�h�e� �e�n�t�h�a�l�p�y� �a�n�d� 

�e�n�t�r�o�p�y� �o�f� �d�i�l�u�t�i�o�n� �o�f� �w�a�t�e�r� �i�n� �P�E�O�X�-�w�a�t�e�r� �s�o�l�u�t�i�o�n� �w�e�r�e� �m�e�a�s�u�r�e�d�.� 

�C�h�a�p�t�e�r� �3� �c�o�n�c�e�r�n�s� �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�,�°�°�,� �o�f� �P�E�O�X� 

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

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

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

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

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

�f�r�a�m�e�w�o�r�k� �f�o�r� �i�n�t�e�r�p�r�e�t�i�n�g� �e�x�p�e�r�i�m�e�n�t�a�l� �a�d�s�o�r�p�t�i�o�n� �r�e�s�u�l�t�s�.� �F�r�o�m� �t�h�e� �h�i�g�h� �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� �v�a�l�u�e�s� �o�f� �P�E�O�X� �i�n� �w�a�t�e�r� �a�n�d� �e�t�h�a�n�o�l�,� �d�i�f�f�e�r�e�n�t� �a�d�s�o�r�p�t�i�o�n� �m�e�c�h�a�n�i�s�m�s� 

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

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

�C�h�a�p�t�e�r� �4� �f�o�c�u�s�e�s� �f�u�r�t�h�e�r� �o�n� �t�h�e� �a�d�s�o�r�p�t�i�o�n� �b�e�h�a�v�i�o�r� �o�f� �P�E�O�X� �o�n� �s�i�l�i�c�a� �f�r�o�m� 

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

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

�a�d�d�i�t�i�o�n�,� �t�h�e� �i�n�f�l�u�e�n�c�e�s� �o�f� �p�H� �v�a�l�u�e� �a�n�d� �s�a�l�t� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�n� �t�h�e� �a�d�s�o�r�p�t�i�o�n� �o�f� �P�E�O�X� 

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

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

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

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

�s�y�s�t�e�m�s�.� 

�C�h�a�p�t�e�r� �5� �d�e�a�l�s� �w�i�t�h� �t�h�e� �s�o�l�u�t�i�o�n� �p�r�o�p�e�r�t�i�e�s� �a�n�d� �t�h�e� �a�d�s�o�r�p�t�i�o�n� �b�e�h�a�v�i�o�r� �o�f� 

�P�E�O�X�-�P�D�M�S� �a�n�d� �P�E�O�X�-�P�V�M�E� �c�o�p�o�l�y�m�e�r�s� �o�n� �s�i�l�i�c�a�.� �T�h�e� �s�o�l�u�t�i�o�n� �p�r�o�p�e�r�t�i�e�s� �(�p�r�e�s�e�n�c�e� 

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

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

�3�3



�e�x�p�e�r�i�m�e�n�t�s�.� �C�o�m�p�e�t�i�t�i�v�e� �a�d�s�o�r�p�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s� �e�s�t�a�b�l�i�s�h�e�d� �t�h�a�t� �P�E�O�X� �s�h�o�u�l�d� �s�e�r�v�e� �a�s� 

�a�n� �e�f�f�e�c�t�i�v�e� �a�n�c�h�o�r� �b�l�o�c�k� �f�o�r� �a�l�l� �o�f� �t�h�e� �d�i�b�l�o�c�k�s� �s�t�u�d�i�e�d�.� �T�h�e� �P�E�O�X�-�P�D�M�S� �d�i�b�l�o�c�k� 

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

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

�I�n� �C�h�a�p�t�e�r� �6�,� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �t�h�e� �a�d�s�o�r�b�e�d� �l�a�y�e�r� �t�h�i�c�k�n�e�s�s� �a�n�d� �t�h�e� �a�d�s�o�r�b�e�d� 

�a�m�o�u�n�t� �o�f� �D�M�A�E�M�-�B�M�A� �d�i�b�l�o�c�k� �c�o�p�o�l�y�m�e�r�s� �i�n� �i�s�o�p�r�o�p�a�n�o�l� �w�e�r�e� �p�e�r�f�o�r�m�e�d�.� �T�h�e� 

�S�t�é�b�e�r� �a�n�d� �C�a�b�-�O�-�S�i�l� �s�i�l�i�c�a� �s�e�r�v�e�d� �a�s� �t�h�e� �a�d�s�o�r�b�e�n�t�s� �f�o�r� �t�h�i�c�k�n�e�s�s� �a�n�d� �a�d�s�o�r�p�t�i�o�n� 

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

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

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

�v�e�r�y� �w�e�l�l�.� 
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�R�E�F�E�R�E�N�C�E�S� 

�(�1�)� 

�(�2�)� 

�(�3�)� 

�(�4�)� 

�(�3�)� 

�(�6�)� 

�(�7�)� 

�(�8�)� 

�(�9�)� 

�(�1�0�)� 

�(�1�1�)� 

�(�1�2�)� 

�(�1�3�)� 

�(�1�4�)� 

�N�a�p�p�e�r�,� �D�.� �H�.�,� �"�P�o�l�y�m�e�r�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�, �� �N�.�Y�.� �1�9�8�3�.� 

�H�u�n�t�e�r�,� �R�.�J�.�,�  ��F�o�u�n�d�a�t�i�o�n� �o�f� �C�o�l�l�o�i�d� �S�c�i�e�n�c�e�, �� �V�o�l� �I�,� �O�x�f�o�r�d�,� �L�o�n�d�o�n�,� �1�9�8�6�.� 

�T�a�d�r�o�s�,� �T�h�.� �F�.�,� �i�n� �"�Z�h�e� �E�f�f�e�c�t� �o�f� �P�o�l�y�m�e�r�s� �o�n� �D�i�s�p�e�r�s�i�o�n� �P�r�o�p�e�r�t�i�e�s�,�"� 

�A�c�a�d�e�m�i�c� �P�r�e�s�s�,� �L�o�n�d�o�n�,� �1�9�8�2�.� 

�F�o�n�t�a�n�a�,� �N�.�J�.�,� �i�n�  ��C�h�e�m�i�s�t�r�y� �o�f� �B�i�o�s�u�r�f�a�c�e�s�,�"� �H�a�i�r�,� �M�.�L�.�(�E�d�.�)� �v�o�l�.�I�,� �D�e�k�k�e�r�,� 

�N�e�w� �Y�o�r�k�,� �1�9�7�1�.� 

�I�v�e�s�,� �K�.�J�.�,�  ��T�h�e� �s�c�i�e�n�t�i�f�i�c� �B�a�s�i�s� �o�f� �F�l�o�c�c�u�l�a�t�i�o�n�, ��,� �S�i�j�t�h�o�f�f� �a�n�d� �N�o�o�r�d�h�o�f�f�,� 

�A�l�p�h�e�n�a�a�n� �d�e�n� �R�i�j�n�,� �N�e�t�h�e�r�l�a�n�d�s�,� �1�9�7�8�.� 

�P�a�t�r�i�c�,� �R�.�L�.�,� �"�T�r�e�a�t�i�s�e� �o�n� �A�d�h�e�s�i�o�n� �a�n�d� �A�d�h�e�s�i�v�e�s�, �� �v�o�l�.�I� �D�e�k�k�e�r�,� �N�.�Y�.� �1�9�6�7�.� 

�K�r�a�u�s�,� �G�.�,� �"�R�e�i�n�f�o�r�c�e�m�e�n�t� �o�f� �E�l�a�s�t�o�m�e�r�s�,�"� �W�i�l�e�y�,� �N�.�Y�.� �1�9�6�5�.� 

�G�o�o�d�w�i�n�,� �J�.�W�.� �C�e�r�a�m�i�c� �B�u�l�l�e�t�i�n�,� �6�9�,� �1�6�9�4� �(�1�9�9�0�)�;� �R�i�n�g�,� �T�.�A�.� �M�a�t�e�r�i�a�l� �R�e�s�e�a�r�c�h� 

�S�c�i�.� �B�u�l�l�.� �3�4�,� �J�a�n�u�a�r�y� �(�1�9�9�0�)�.� 

�F�i�n�c�h�,� �C�.�A�.� �(�E�d�.�)�,�  ��C�h�e�m�i�s�t�r�y� �a�n�d� �T�e�c�h�n�o�l�o�g�y� �o�f� �W�a�t�e�r�-�S�o�l�u�b�l�e� �P�o�l�y�m�e�r�s�,�"� 

�P�l�e�n�u�m� �P�r�e�s�s�,� �C�h�a�p�t�e�r�s� �1�,�7�,�9� �N�e�w� �Y�o�r�k�,� �1�9�8�1�.� 

�C�h�i�u�,� �T�.�T�.�,� �T�h�i�l�l�,� �B�.�P�.�,� �F�a�i�r�c�h�o�k�,� �W�.�J�.� �i�n� �"�W�a�t�e�r�-�S�o�l�u�b�l�e� �P�o�l�y�m�e�r�s�,� �B�e�a�u�t�y� 

�w�i�t�h� �P�e�r�f�o�r�m�a�n�c�e�,�"� �G�l�a�s�s�,� �J�.�E�.� �(�E�d�.�)�,� �A�d�v�a�n�c�e�s� �i�n� �C�h�e�m�i�s�t�r�y� �S�e�r�i�e�s�,� �v�o�l�.� 

�2�1�3�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.�,� �1�9�8�6�.� 

�S�t�a�h�l�,� �G�.�A�.�,� �S�c�h�u�l�z�,� �D�.�N�.�,�  ��W�a�t�e�r�-�S�o�l�u�b�l�e� �P�o�l�y�m�e�r�s� �f�o�r� �P�e�t�r�o�l�e�u�m� 

�R�e�c�o�v�e�r�y�, �� �P�l�e�n�u�m� �P�r�e�s�s�,� �N�e�w� �Y�o�r�k�,� �1�9�8�7�.� 

�M�o�l�y�n�e�u�x�,� �P�.�,�  ��W�a�t�e�r�-�S�o�l�u�b�l�e� �S�y�n�t�h�e�t�i�c� �P�o�l�y�m�e�r�s�:� �P�r�o�p�e�r�t�i�e�s� �a�n�d� �B�e�h�a�v�i�o�r�, �� 

�V�o�l�.� �I� �&� �I�f�,� �C�R�C� �P�r�e�s�s�,� �1�9�8�3�.� 

�S�h�a�l�a�b�y�,� �S�.�W�.�,� �M�c�C�o�r�m�i�c�,� �C�.�L�.�,� �B�u�t�l�e�r�,� �G�.�B�.�,�  ��W�a�t�e�r�-�S�o�l�u�b�l�e� �P�o�l�y�m�e�r�s�,� 

�S�y�n�t�h�e�s�i�s�,� �S�o�l�u�t�i�o�n� �P�r�o�p�e�r�t�i�e�s� �a�n�d� �A�p�p�l�i�c�a�t�i�o�n�s�, �� �A�C�S� �S�y�m�p�o�s�i�u�m� �S�e�r�i�e�s� �4�6�7�,� 

�W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.�,� �1�9�9�1�.� 

�G�l�a�s�s�,� �J�.�E�.�,�  ��P�o�l�y�m�e�r�s� �i�n� �A�q�u�e�o�u�s� �M�e�d�i�a�,� �P�e�r�f�o�r�m�a�n�c�e� �T�h�r�o�u�g�h� �A�s�s�o�c�i�a�t�i�o�n�,�"� 

�A�d�v�a�n�c�e�s� �i�n� �C�h�e�m�i�s�t�r�y� �S�e�r�i�e�s� �2�2�3�,� �A�C�S� �P�r�e�s�s�,� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.�,� �1�9�8�9�.� 
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�(�1�5�)� 
�(�1�6�)� 

�(�1�7�)� 
�(�1�8�)� 
�(�1�9�)� 
�(�2�0�)� 

�(�2�1�)� 

�(�2�2�)� 

�(�2�3�)� 

�(�2�4�)� 

�(�2�5�)� 

�(�2�6�)� 

�(�2�7�)� 
�(�2�8�)� 
�(�2�9�)� 
�(�3�0�)� 
�(�3�1�)� 

�(�3�2�)� 

�(�3�3�)� 

�C�h�e�n�,� �F�.�P�.�,� �A�m�e�s�,� �A�.�E�.�,� �a�n�d� �T�a�y�l�o�r�,� �L�.�D�.�,� �M�a�c�r�o�m�o�l�e�c�u�l�e�s� �2�3�,� �4�6�8�8� �(�1�9�9�0�)�.� 

�K�o�n�i�n�g�s�v�e�l�d�,� �R�.� �S�t�o�c�k�m�a�y�e�r�,� �W�.�H�.�,� �K�e�n�n�e�d�y�,� �J�.�W�.�,� �K�l�e�i�n�t�j�e�n�s�,� �L�.�A�.�,� 

�M�a�c�r�o�m�o�l�e�c�u�l�e�s� �7�,� �7�3� �(�1�9�7�4�)�.� 

�F�l�o�r�y�,� �P�.�J�.�,�  ��P�r�i�n�c�i�p�l�e�s� �o�f� �P�o�l�y�m�e�r� �C�h�e�m�i�s�t�r�y�, �� �C�o�r�n�e�l�l� �P�r�e�s�s�,� �I�t�h�a�c�a�,� �1�9�5�3�.� 

�P�a�t�t�e�r�s�o�n�,� �D�.�,� �D�e�l�m�a�s�,� �G�.�,� �T�r�a�n�s� �F�a�r�a�d�a�y� �S�o�c�.�,� �6�5�,� �7�0�8� �(�1�9�6�9�)�.� 

�d�e� �G�e�n�n�e�s�,� �P�.�G�.�,� �P�u�r�e� �&� �A�p�p�l�.� �C�h�e�m�.� �6�4�,� �1�5�8�5� �(�1�9�9�2�)�.� 

�I�s�r�a�e�l�a�c�h�v�i�l�i�,� �J�.�,� �T�a�n�d�o�n�,� �R�.�,� �W�h�i�t�e�,� �L�.� �J�.� �C�o�l�l�o�i�d� �I�n�t�e�r�f�a�c�e� �S�c�i�.� �7�8�,� �4�3�0� 

�(�1�9�8�0�)�;� �K�l�e�i�n�,� �J�.�,� �L�u�c�k�h�a�m�,� �P�.�,� �M�a�c�r�o�m�o�l�e�c�u�l�e�s� �1�7�,� �1�0�4�1� �(�1�9�8�4�)�.� 

�H�o�w�a�r�d�,� �G�.�J�.�,� �i�n�  ��I�n�t�e�r�f�a�c�i�a�l� �P�h�e�n�o�m�e�n�a� �i�n� �A�p�o�l�a�r� �M�e�d�i�a�, �� �S�u�r�f�a�c�t�a�n�t� 

�S�c�i�e�n�c�e� �S�e�r�i�e�s�;� �v�o�l�.� �2�1�,� �E�i�c�k�e�,� �H�.�-�F�.�,� �P�a�r�f�i�t�t�,� �G�.�D�.� �(�E�d�.�)� �M�a�r�c�e�l� �D�e�k�k�e�r�,� �I�n�c�.� 

�N�e�w� �Y�o�r�k�,� �1�9�8�7�.� 

�G�o�d�d�a�r�d�,� �E�.�D�.�,� �V�i�n�c�e�n�t�,� �B�.�,�  ��P�o�l�y�m�e�r� �A�d�s�o�r�p�t�i�o�n� �a�n�d� �D�i�s�p�e�r�s�i�o�n� �S�t�a�b�i�l�i�t�y�, �� 

�A�C�S� �S�y�m�p�o�s�i�u�m� �S�e�r�i�e�s� �2�4�0�,� �A�C�S� �W�a�s�h�i�n�g�t�o�n�,� �D�.�C�.� �1�9�8�4�.� 

�S�c�h�e�u�t�j�e�n�s�,� �J�.�M�.�H�.�M�.�,� �F�l�e�e�r� �G�.�J�.�,� �J�.� �P�h�y�s�.� �C�h�e�m�.� �8�3�,� �1�6�1�9� �(�1�9�7�9�)�;� �8�4�,� �1�7�8� 

�(�1�9�8�0�)�.� 

�d�e� �G�e�n�n�e�s�,� �P�.�G�.�,� �J�.� �d�e� �P�h�y�s�.� �3�6�,� �1�1�9�9� �(�1�9�7�5�)�;� �3�7�,� �1�4�4�5� �(�1�9�7�6�)�.� 

�S�i�l�b�e�r�b�e�r�g�,� �A�.�,� �J�.� �C�h�e�m�.� �P�h�y�s�.� �4�8�,� �2�8�3�5� �(�1�9�6�8�)�.� 

�C�o�h�e�n� �S�t�u�a�r�t� �M�.�A�.�,� �C�o�s�g�r�o�v�e�,� �T�.�,� �V�i�c�e�n�t�,� �B�.� �A�d�v�.� �C�o�l�l�o�i�d� �I�n�t�e�r�f�a�c�e� �S�c�i�e�n�c�e� �2�4�,� 

�1�4�3� �(�1�9�8�6�)� 

�J�e�n�c�k�e�l�,� �E�.� �a�n�d� �R�u�m�b�a�c�h�,� �R�.�,� �A�.� �E�l�e�c�k�t�r�o�c�h�e�m�.� �5�5�,� �6�1�2� �(�1�9�5�2�)�.� 

�M�a�r�q�u�e�s�,� �C�.�M�.�,� �J�o�a�n�n�y�,� �J�.�F�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s� �2�2�,� �1�4�5�4� �(�1�9�8�9�)�.� 

�F�l�e�e�r� �G�.�J�.�,� �S�c�h�e�u�t�j�e�n�s�,� �J�.�M�.�H�.�M�.� �C�o�l�l�o�i�d�s� �a�n�d� �S�u�r�f�a�c�e� �5�1�,� �2�8�1� �(�1�9�9�0�)�.� 

�P�e�r�k�e�l�,� �R�.�,� �U�l�l�m�a�n�,� �R�.�,� �J�.� �P�o�l�y�m�.� �S�c�i�.� �5�4�,� �1�2�7� �(�1�9�6�1�)�.� 

�C�o�h�e�n� �S�t�u�a�r�t�,� �M�.�A�.�,� �F�l�e�e�r�,� �G�.�J�.� �a�n�d� �S�c�h�e�u�t�j�e�n�s�,� �J�.�H�.�H�.�M�.�,� �J�.� �C�o�l�l�o�i�d� �I�n�t�e�r�f�.� �S�c�i�.� 

�9�7�,� �5�2�6� �(�1�9�8�4�)�;� �9�0�,� �3�1�0�;� �3�2�1� �(�1�9�8�2�)�.� �|� 

�G�u�z�o�n�a�s�,� �D�.�,� �H�a�i�r�,� �M�.�L�.�,� �C�o�s�g�r�o�v�e�,� �T�,�,� �M�a�c�r�o�m�o�l�e�c�u�l�e�s� �2�5�,� �2�7�7�7� �(�1�9�9�2�)�;� 

�G�u�z�o�n�a�s�,� �D�.�,�B�o�i�l�s�,� �D�.�,� �H�a�i�r�,� �M�.�L�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s� �2�4�,� �3�3�8�3� �(�1�9�9�1�)�.� 

�W�u�,� �D�.�T�.�,� �Y�o�k�o�y�a�m�a�,� �A�.�,� �S�e�t�t�l�e�r�q�u�i�s�t�,� �R�.�L�.� �P�o�l�y�m�e�r� �2�3�,� �7�0�9� �(�1�9�9�1�)�.� 
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�(�3�4�)� 

�(�3�5�)� 

�(�3�6�)� 

�(�3�7�)� 

�(�3�8�)� 

�(�3�9�)� 

�(�4�0�)� 

�(�4�1�)� 

�(�4�2�)� 

�(�4�3�)� 

�(�4�4�)� 

�B�u�s�c�a�l�l�,� �R�.�,� �C�o�r�n�e�r�,� �T�.�,� �S�t�a�g�e�m�a�n�,� �J�.�F�.� �"�P�o�l�y�m�e�r� �C�o�l�l�o�i�d�s �� �E�l�s�e�v�i�e�r� �A�p�p�l�i�e�d� 

�S�c�i�e�n�c�e� �P�u�b�l�i�s�h�e�r�s�,� �N�e�w� �Y�o�r�k�,� �1�9�8�5�.� 

�C�o�s�g�r�o�v�e�,� �T�.�,� �P�h�i�p�p�s�,� �J�.�S�.�,� �R�i�c�h�a�r�d�s�o�n�,� �R�.�M�.�,� �H�a�i�r�,� �M�.�L�.�,� �G�u�z�o�n�a�s�,� �D�.�A�.� 

�M�a�c�r�o�m�o�l�e�c�u�l�e�s� �2�6�,� �4�3�6�3� �(�1�9�9�3�)�.� 

�S�h�a�w�,� �D�.� �J�.�,�  ��I�n�t�r�o�d�u�c�t�i�o�n� �t�o� �C�o�l�l�o�i�d� �a�n�d� �S�u�r�f�a�c�e� �C�h�e�m�i�s�t�r�y�"� �B�u�t�t�e�r�w�o�r�t�h�s�,� 

�B�o�s�t�o�n�,� �1�9�8�0�.� 

�T�a�d�r�o�s�,� �T�h�.� �F�.�,�  ��P�o�l�y�m�e�r�s� �i�n� �C�o�l�l�o�i�d� �S�y�s�t�e�m�s�,� �A�d�s�o�r�p�t�i�o�n�,� �S�t�a�b�i�l�i�t�y� �a�n�d� 

�F�l�o�w �� �A�c�a�d�e�m�i�c� �P�r�e�s�s�,� �L�o�n�d�o�n�,� �1�9�8�8�.� 

�K�e�r�k�a�r�,� �A�.�V�.�,� �H�e�n�d�e�r�s�o�n�,� �R�.�J�.�M�.�,� �F�e�k�e�,� �D�.�L�.�,� �J�.� �A�m�.� �C�e�r�a�m�.� �S�o�c�.� �7�3�(�1�0�)�,� 

�2�8�7�9�,� �2�8�8�6� �(�1�9�9�0�)�.� 

�S�t�d�b�e�r�,� �W�.�,� �F�i�n�k�,� �A�.�,� �B�o�h�n�,� �E�.�,� �J�.� �C�o�l�l�o�d�.� �I�n�t�e�r�f�a�c�e� �S�c�i�.� �2�6�,� �6�2� �(�1�9�6�8�)�.� 

�(�a�)� �L�i�u�,� �Q�.�,� �K�o�n�a�s�,� �M�.�,� �R�i�f�f�l�e�,� �J�.�S�.�,� �M�a�c�r�o�m�o�l�e�c�u�l�e�s� �2�6�,� �5�5�7�2�,� �(�1�9�9�3�)�;� �(�b�)� �L�i�u�,� 

�Q�.�,� �K�o�n�a�s�,� �M�.�,� �D�a�v�i�s�,� �R�.�M�.�,� �R�i�f�f�l�e�,� �J�.�S�.�,� �J�.� �P�o�l�y�m�e�r� �S�c�i�e�n�c�e�:� �P�a�r�t� �(�A�)�,� �P�o�l�y�m�e�r� 

�C�h�e�m�i�s�t�r�y� �3�1�,� �1�7�0�9� �(�1�9�9�3�)�;� �(�c�)� �L�i�u�,� �Q�.�,� �W�i�l�s�o�n�,� �G�.�R�.�,� �D�a�v�i�s�,� �R�.�M�.�,� �R�i�f�f�l�e�,� �J�.�S�.�,� 

�P�o�l�y�m�e�r� �3�4�,� �3�0�3�0� �(�1�9�9�3�)�.� 

�B�a�r�n�e�t�t�,� �K�.�,� �C�o�s�g�r�o�v�e�,� �T�.�,� �C�r�o�w�l�e�y�,� �T�a�d�r�o�s�,� �T�h�.� �F�.�,� �V�i�n�c�e�n�t�,� �B�.� �i�n� �"�T�h�e� �E�f�f�e�c�t� 

�o�f� �P�o�l�y�m�e�r�s� �o�n� �D�i�s�p�e�r�s�i�o�n� �P�r�o�p�e�r�t�i�e�s�, �� �T�a�d�r�o�s�,� �T�h�.� �F�.� �(�E�d�.�)� �A�c�a�d�e�m�i�c� �P�r�e�s�s�,� 

�L�o�n�d�o�n�,� �1�9�8�2�.� 

�(�a�)� �C�o�s�g�r�o�v�e�,� �T�.�,� �H�e�a�t�h�,� �T�.�G�.�,� �P�h�i�p�p�s�,� �J�.�S�.�,� �R�i�c�h�a�r�d�s�o�n�,� �M�a�c�r�o�m�o�l�e�c�u�l�e�s� �2�4�,� 

�9�4� �(�1�9�9�1�)� �(�b�)� �C�o�s�g�r�o�v�e�,� �T�.�,� �F�i�n�c�h�,� �N�.�A�.�,� �W�e�b�s�t�e�r�,� �R�.�P�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s� �2�3�,� 

�3�3�5�3� �(�1�9�9�0�)�.� 

�D�a�v�i�s�,� �R�.�M�.�,� �T�A�P�P�I� �J�o�u�r�n�a�l� �7�4�(�4�)�,� �9�9� �1�9�8�7�.� 

�V�i�s�s�e�r�,� �J�.� �A�d�v�.� �C�o�l�l�o�i�d� �a�n�d� �I�n�t�e�r�f�.� �S�c�i�.� �3�,� �3�3�1� �(�1�9�7�2�)�.� 
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�C�h�a�p�t�e�r� �2� 

�S�o�l�u�t�i�o�n� �P�r�o�p�e�r�t�i�e�s� �o�f� �P�o�l�y�(�2�-�a�l�k�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)�s�:� �L�i�g�h�t� 

�S�c�a�t�t�e�r�i�n�g�,� �C�l�o�u�d� �P�o�i�n�t� �a�n�d� �V�i�s�c�o�s�i�t�y� �S�t�u�d�i�e�s� 

�A�B�S�T�R�A�C�T� 

�S�o�l�u�t�i�o�n�s� �o�f� �p�o�l�y�(�2�-�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)� �a�n�d� �p�o�l�y�(�2�-�m�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)� �i�n� �w�a�t�e�r� �a�n�d� 

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

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

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

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

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

�P�E�O�X� �a�n�d� �P�M�O�X� �i�n� �w�a�t�e�r�.� �T�h�e� �m�a�g�n�i�t�u�d�e�s� �o�f� �A�h�*� �a�n�d� �A�s�®� �w�e�r�e� �h�i�g�h�e�r� �f�o�r� �P�M�O�X� �t�h�a�n� 

�f�o�r� �P�E�O�X�.� �T�h�e� �m�a�g�n�i�t�u�d�e�s� �o�f� �A�h�®� �a�n�d� �A�s�®� �f�o�r� �P�E�O�X� �i�n�c�r�e�a�s�e�d� �w�i�t�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�.� 

�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�s� �o�f� �P�E�O�X� �i�n� �w�a�t�e�r� �w�e�r�e� �s�y�s�t�e�m�a�t�i�c�a�l�l�y� �l�o�w�e�r� �t�h�a�n� �i�n� 

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

�l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g� �w�a�s� �i�n� �t�h�e� �r�a�n�g�e� �0�.�4�8�-�0�.�4�9� �i�n� �w�a�t�e�r� �a�n�d� �i�n� �t�h�e� �r�a�n�g�e� �0�.�3�2�-�0�.�4�1� �i�n� 

�e�t�h�a�n�o�l�.� �T�h�e� �K�u�h�n� �l�e�n�g�t�h� �f�o�r� �P�E�O�X� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �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� �t�o� �b�e� �0�.�7�7� �n�m� �w�h�i�c�h� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �l�e�s�s� �t�h�a�n� �t�w�o� �m�o�n�o�m�e�r� �u�n�i�t�s�.� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

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

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

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

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

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

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

�o�f� �a� �F�l�o�r�y� �x� �p�a�r�a�m�e�t�e�r ��?� �o�r� �a�n� �e�x�c�l�u�d�e�d� �v�o�l�u�m�e� �t�e�r�m�*�°�,� �a�n�d� �a� �p�o�l�y�m�e�r� �s�e�g�m�e�n�t�-�s�u�r�f�a�c�e� 

�i�n�t�e�r�a�c�t�i�o�n� �t�e�r�m� �x�,�°�*�.� �T�h�i�s� �p�a�p�e�r� �f�o�c�u�s�e�s� �o�n� �t�h�e� �c�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �o�f� �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�s� �i�n� �v�a�r�i�o�u�s� �s�o�l�v�e�n�t�s� �f�o�r� �p�o�l�y�(�2�-�a�l�k�y�l�-�2�-�o�x�a�z�o�l�i�n�e�s�)� �a�s� �p�a�r�t� �o�f� �a� �p�r�o�g�r�a�m� �t�o� 

�d�e�v�e�l�o�p� �d�i�b�l�o�c�k� �c�o�p�o�l�y�m�e�r� �s�t�e�r�i�c� �s�t�a�b�i�l�i�z�e�r�s�.� �P�o�l�y�(�2�-�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)�,� �P�E�O�X�,� �h�a�s� �b�e�e�n� 

�u�s�e�d� �i�n� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �t�w�o� �n�o�v�e�l� �d�i�b�l�o�c�k� �s�y�s�t�e�m�s� �-� �p�o�l�y�(�d�i�m�e�t�h�y�]� �s�i�l�o�x�a�n�e�-�2�-�e�t�h�y�l�-�2�-� 

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

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

�s�u�b�j�e�c�t� �o�f� �C�h�a�p�t�e�r� �3�.� 

�P�E�O�X�,� �a�n�d� �p�o�l�y�(�2�-�m�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)�,� �P�M�O�X�,� �a�r�e� �a�m�o�r�p�h�o�u�s�,� �n�o�n�i�o�n�i�c�,� �t�e�r�t�i�a�r�y� 

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

�t�h�e� �P�E�O�X� �b�l�o�c�k� �w�i�l�l� �f�u�n�c�t�i�o�n� �a�s� �a�n� �e�f�f�e�c�t�i�v�e� �a�n�c�h�o�r� �b�l�o�c�k� �o�n� �s�u�r�f�a�c�e�s� �w�i�t�h� �h�y�d�r�o�g�e�n� 

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

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

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

�c�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�G�P�C�)�.� �S�e�c�o�n�d� �v�i�r�i�a�l� �c�o�e�f�f�i�c�i�e�n�t�s� �w�e�r�e� �a�l�s�o� �m�e�a�s�u�r�e�d� �f�o�r� �P�M�O�X� �t�o� 

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

�o�f� �i�n�t�r�i�n�s�i�c� �v�i�s�c�o�s�i�t�y� �[�7�]� �a�t� �6�-�c�o�n�d�i�t�i�o�n�,� �s�e�c�o�n�d� �v�i�r�i�a�l� �c�o�e�f�f�i�c�i�e�n�t� �A�,�,� �K�u�h�n� �l�e�n�g�t�h� �L�,�,� �a�n�d� 

�t�h�e� �F�l�o�r�y� �x� �p�a�r�a�m�e�t�e�r� �f�o�r� �P�E�O�X� �s�a�m�p�l�e�s� �o�v�e�r� �t�h�e� �r�a�n�g�e� �o�f� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�s� �i�n� �w�h�i�c�h� 

�P�E�O�X� �s�h�o�u�l�d� �f�u�n�c�t�i�o�n� �m�o�s�t� �e�f�f�e�c�t�i�v�e�l�y� �a�s� �a�n� �a�n�c�h�o�r� �b�l�o�c�k�.� �T�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� 

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

�d�i�s�t�r�i�b�u�t�i�o�n� �i�s� �e�s�s�e�n�t�i�a�l� �i�n� �t�e�s�t�i�n�g� �a�d�s�o�r�p�t�i�o�n� �t�h�e�o�r�i�e�s�.�'� 

�I�n� �t�h�e� �m�o�s�t� �c�o�m�p�r�e�h�e�n�s�i�v�e� �s�t�u�d�y� �t�o� �d�a�t�e� �o�f� �t�h�e� �s�o�l�u�t�i�o�n� �p�r�o�p�e�r�t�i�e�s� �o�f� �P�E�O�X�,� �C�h�e�n� 

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

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

�s�e�p�a�r�a�t�i�o�n� �m�e�a�s�u�r�e�m�e�n�t�s� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �P�E�O�X� �e�x�h�i�b�i�t�s� �l�o�w�e�r� �c�r�i�t�i�c�a�l� �s�o�l�u�t�i�o�n� 

�t�e�m�p�e�r�a�t�u�r�e� �(�L�C�S�T�)� �b�e�h�a�v�i�o�r� �i�n� �w�a�t�e�r� �w�i�t�h� �t�h�e� �6�-�t�e�m�p�e�r�a�t�u�r�e�=�5�6�°�C�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� 

�3�9



�(�a�)� 

�P�o�l�y�(�e�t�h�y�l� �o�x�a�z�o�l�i�n�e�)�:� �P�E�O�X� 

 ��t� �C�H�, �� �C�H�, ��N�T �� 
�|�  ��n� �f�°� 

�C�H� �C�H�,� 

�(�b�)� 

�P�o�l�y�(�m�e�t�h�y�]� �o�x�a�z�o�l�i�n�e�)�:� �P�M�O�X� 

 ��f� �C�H�, �� �C�H�, ��~�N�T �� 
�|�  ��n� 

�i�?� 
�C�H�,� 

�F�i�g�u�r�e� �2�.�1� �C�h�e�m�i�c�a�l� �f�o�r�m�u�l�a� �o�f� �t�h�e� �r�e�p�e�a�t� �u�n�i�t�s� �o�f� �(�a�)� �P�o�l�y�(�2�-�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)�,� 
�P�E�O�X�,� �a�n�d� �(�b�)� �P�o�l�y�(�2�-�m�e�t�h�y�]�-�2�-�o�x�a�z�o�l�i�n�e�)�,� �P�M�O�X�.



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

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

�(�-�C�=�O�)� �g�r�o�u�p� �o�n� �t�h�e� �p�o�l�y�m�e�r� �a�n�d� �w�a�t�e�r�.� �F�T�I�R� �s�p�e�c�t�r�o�s�c�o�p�y� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �h�y�d�r�o�g�e�n� 

�b�o�n�d�s� �f�o�r�m�e�d� �b�e�t�w�e�e�n� �P�E�O�X� �a�n�d� �d�e�u�t�e�r�i�u�m� �o�x�i�d�e�.� �T�h�e� �e�x�c�e�s�s� �e�n�t�r�o�p�y� �o�f� �d�i�l�u�t�i�o�n�,� �A�s�*�,� 

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

�P�E�O�X� �c�h�a�i�n�.� �P�E�O�X� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �m�o�r�e� �s�o�l�u�b�l�e� �i�n� �e�t�h�a�n�o�l� �t�h�a�n� �i�n� �w�a�t�e�r�.� �P�E�O�X� �i�s� 

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

�P�E�O�X� �i�s� �c�o�m�p�a�t�i�b�l�e� �w�i�t�h� �a� �n�u�m�b�e�r� �o�f� �p�o�l�y�m�e�r�s� �f�o�r� �t�h�e� �s�a�m�e� �r�e�a�s�o�n�*�"�,� �N�o�t�h�i�n�g� �h�a�s� 

�b�e�e�n� �r�e�p�o�r�t�e�d� �o�n� �t�h�e� �s�o�l�u�t�i�o�n� �p�r�o�p�e�r�t�i�e�s� �o�f� �P�M�O�X�.� 

�I�n� �t�h�i�s� �c�h�a�p�t�e�r�,� �w�e� �s�t�u�d�i�e�d� �w�e�l�l�-�d�e�f�i�n�e�d� �P�E�O�X� �h�o�m�o�p�o�l�y�m�e�r� �s�a�m�p�l�e�s� �b�y� �s�t�a�t�i�c� 

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

�a�n�d� �e�n�t�r�o�p�y� �o�f� �d�i�l�u�t�i�o�n� �f�o�r� �P�E�O�X� �i�n� �w�a�t�e�r� �f�o�r� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�s� �i�n� �t�h�e� �r�a�n�g�e� �=� �2�0�-�6�0� 

�k�g� �m�o�l�e �� �a�s� �p�a�r�t� �o�f� �o�u�r� �w�o�r�k� �t�o� �u�n�d�e�r�s�t�a�n�d� �h�o�w� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �P�E�O�X� �i�n� �s�o�l�u�t�i�o�n� �i�s� 

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

�P�M�O�x�X� �t�o� �s�t�u�d�y� �t�h�e� �e�f�f�e�c�t�s� �o�f� �p�o�l�y�m�e�r� �s�t�r�u�c�t�u�r�e� �o�n� �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�s�.� 

�E�x�p�e�r�i�m�e�n�t�a�l� 

�M�a�t�e�r�i�a�l�s� �a�n�d� �S�o�l�u�t�i�o�n� �P�r�e�p�a�r�a�t�i�o�n� 

�P�E�O�X� �a�n�d� �P�M�O�X� �w�e�r�e� �s�y�n�t�h�e�s�i�z�e�d� �o�v�e�r� �a� �r�a�n�g�e� �o�f� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�s� �u�s�i�n�g� �a� 

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

�p�r�e�v�i�o�u�s�l�y�' ��*�"�*� �a�n�d� �L�i�u� �e�t� �a�l�.�* ��5�.� �T�h�e� �l�i�v�i�n�g� �n�a�t�u�r�e� �o�f� �t�h�e� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �m�a�k�e�s� �i�t� 

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

�f�u�n�c�t�i�o�n�a�l� �t�e�r�m�i�n�a�t�i�o�n�'�*�' ��.� �L�i�u� �e�t� �a�l�.� �e�s�t�a�b�l�i�s�h�e�d� �t�h�a�t� �t�h�e� �M�,� �o�f� �P�E�O�X� �i�n�c�r�e�a�s�e�d� �l�i�n�e�a�r�l�y� 

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

�I�n� �t�h�a�t� �s�a�m�e� �s�t�u�d�y�,� �g�e�l� �p�e�r�m�e�a�t�i�o�n� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �s�h�o�w�e�d� �t�h�a�t� �P�E�O�X� �h�o�m�o�p�o�l�y�m�e�r� 

�s�a�m�p�l�e�s� �w�i�t�h� �M�,�<�4�0� �k�g� �m�o�l�e�!� �h�a�d� �M�,�/�M�,� �=� �1�.�3�.� �T�h�o�s�e� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �n�o�t� 

�s�t�r�a�i�g�h�t�f�o�r�w�a�r�d� �d�u�e� �t�o� �t�h�e� �a�d�s�o�r�p�t�i�o�n� �o�f� �P�E�O�X� �o�n�t�o� �c�o�m�p�o�n�e�n�t�s� �i�n� �t�h�e� �G�P�C� �s�y�s�t�e�m�.� �T�h�e� 

�t�y�p�i�c�a�l� �M�,�/�M�,� �v�a�l�u�e�s�,� �1�.�3�,� �w�e�r�e� �s�o�m�e�w�h�a�t� �l�a�r�g�e�r� �t�h�a�n� �e�x�p�e�c�t�e�d� �f�o�r� �a� �l�i�v�i�n�g� 

�4�1



�p�o�l�y�m�e�r�i�z�a�t�i�o�n� �s�y�s�t�e�m�.� �T�h�i�s� �m�i�g�h�t� �b�e� �e�x�p�l�a�i�n�e�d� �b�y� �s�l�i�g�h�t� �a�g�g�r�e�g�a�t�i�o�n� �o�f� �t�h�e� �P�E�O�X� �i�n� 

�t�h�e� �m�o�b�i�l�e� �p�h�a�s�e� �(�8�5�/�1�5� �v�/�v� �T�H�F�/�M�e�O�H�)�.� �I�n� �t�h�i�s� �c�h�a�p�t�e�r�,� �i�t� �i�s� �s�h�o�w�n� �t�h�a�t� �P�E�O�X� 

�a�g�g�r�e�g�a�t�e�s� �i�n� �w�a�t�e�r� �a�n�d� �n�-�b�u�t�a�n�o�l�.� �S�a�m�p�l�e�s� �o�f� �P�E�O�X� �w�e�r�e� �s�t�o�r�e�d� �i�n� �a� �d�e�s�i�c�c�a�t�o�r� 

�c�h�a�m�b�e�r� �p�r�i�o�r� �t�o� �u�s�e� �s�i�n�c�e� �P�E�O�X� �i�s� �v�e�r�y� �h�y�g�r�o�s�c�o�p�i�c�.� �D�e�i�o�n�i�z�e�d� �w�a�t�e�r� �w�i�t�h� �a� �r�e�s�i�s�t�i�v�i�t�y� 

�o�f� �1�7�x�1�0�°� �o�h�m�-�c�m� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �a� �B�a�r�n�s�t�e�a�d� �N�A�N�O�P�U�R�E� �I�I!"� �w�a�t�e�r� �p�u�r�i�f�i�c�a�t�i�o�n� 

�s�y�s�t�e�m�.� �E�t�h�a�n�o�l� �(�2�0�0�-�p�r�o�o�f�,� �A�a�p�e�r� �A�l�c�o�h�o�l� �a�n�d� �C�h�e�m�i�c�a�l� �C�o�m�p�a�n�y�)� �w�a�s� �f�u�r�t�h�e�r� �d�r�i�e�d� 

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

�w�i�t�h� �0�.�2�2� �m�i�c�r�o�n� �A�c�r�o�d�i�s�k� �f�i�l�t�e�r�s�.� �T�h�e� �s�o�l�v�e�n�t�s� �w�e�r�e� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� 

�C�o�m�p�a�n�y�.� �I�s�o�p�r�o�p�a�n�o�l� �(�a�n�h�y�d�r�o�u�s�,� �9�9�+�%�)�,� �n�-�b�u�t�a�n�o�l� �(�H�P�L�C� �g�r�a�d�e�)�,� �a�n�d� �b�e�n�z�e�n�e� 

�(�S�p�e�c�t�r�o�p�h�o�t�o�m�e�t�r�i�c� �g�r�a�d�e�,� �9�9�%�)� �w�e�r�e� �u�s�e�d�.� 

�P�a�r�t�i�a�l� �S�p�e�c�i�f�i�c� �V�o�l�u�m�e� 

�T�h�e� �p�a�r�t�i�a�l� �s�p�e�c�i�f�i�c� �v�o�l�u�m�e� �v�,� �o�f� �P�E�O�X� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �d�e�n�s�i�t�y� 

�m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �P�E�O�X� �i�n� �w�a�t�e�r� �a�n�d� �a�n�h�y�d�r�o�u�s� �e�t�h�a�n�o�l� �u�s�i�n�g� �a� �M�e�t�t�l�e�r� �K�E�M� �D�A�-�3�0�0� 

�d�e�n�s�i�t�y� �m�e�t�e�r� �t�h�a�t� �i�s� �a�c�c�u�r�a�t�e� �t�o� �w�i�t�h�i�n� �+�0�.�0�0�0�1� �g� �c�m�®� �a�t� �t�e�m�p�e�r�a�t�u�r�e�s� �o�v�e�r� �t�h�e� �r�a�n�g�e� 

�5�-�4�5�°�C� �+� �0�.�0�1�°�C�.� �T�h�e� �v�a�l�u�e�s� �o�f� �v�,� �w�e�r�e� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �w�i�t�h� �v�,� �=� �0�.�8�7� 

�c�m ��g�"� �f�o�r� �w�a�t�e�r� �a�n�d� �v�,� �=� �0�.�8�6� �c�m�*�g�"� �f�o�r� �e�t�h�a�n�o�l�.� �T�h�i�s� �c�o�m�p�a�r�e�s� �w�i�t�h� �t�h�e� �v�a�l�u�e� �o�f� �v�,� 

�=� �0�.�8�7�7� �c�m�*�g�"� �f�o�r� �a�n� �i�d�e�a�l� �s�o�l�u�t�i�o�n� �o�f� �P�E�O�X� �a�t� �2�5�°�C� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �d�e�n�s�i�t�y� �o�f� �s�o�l�i�d� 

�P�E�O�X� �o�f� �1�.�1�4� �g� �c�m�®�  ��.� �T�h�e� �v�a�l�u�e�s� �o�f� �v�,� �w�i�l�l� �b�e� �u�s�e�d� �i�n� �c�a�l�c�u�l�a�t�i�n�g� �a�p�p�r�o�x�i�m�a�t�e� �F�l�o�r�y� 

�X� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �s�t�u�d�y� �o�f� �P�E�O�X� �a�d�s�o�r�p�t�i�o�n� �o�n� �s�i�l�i�c�a ��.� 

�L�i�g�h�t� �S�c�a�t�t�e�r�i�n�g� 

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

�2�0�3�0�A�T� �i�n�s�t�r�u�m�e�n�t�.� �T�h�e� �l�i�g�h�t� �s�o�u�r�c�e� �w�a�s� �a�n� �a�r�g�o�n� �i�o�n� �l�a�s�e�r� �o�p�e�r�a�t�e�d� �a�t� �a� �w�a�v�e�l�e�n�g�t�h� 

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

�n�m� �w�i�t�h� �a� �M�o�d�e�l� �6�0�/�E�D� �r�e�f�r�a�c�t�o�m�e�t�e�r� �m�a�d�e� �b�y� �B�e�l�l�i�n�g�h�a�m� �&� �S�t�a�n�l�e�y�,� �L�t�d�.� �e�q�u�i�p�p�e�d� 

�w�i�t�h� �a� �d�i�f�f�e�r�e�n�t�i�a�l� �c�e�l�l�.� 

�T�h�e� �a�n�g�u�l�a�r� �d�e�p�e�n�d�e�n�t� �s�c�a�t�t�e�r�i�n�g� �i�n�t�e�n�s�i�t�y�,� �I�1�(�@�)�,� �w�a�s� �u�s�e�d� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� 
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�R�a�y�l�e�i�g�h� �r�a�t�i�o�,� �R�(�@�)� �f�o�r� �p�o�l�a�r�i�z�e�d� �l�i�g�h�t� �a�c�c�o�r�d�i�n�g� �t�o�'�®� 

�R�(�8�)� �=�C�a�l�(�8�)�s�i�n�(�9�)�(�n�,�/�n�,�)�/�1�,� �(�2�.�1�)� 

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

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

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

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

�o�f� �9�0�°� �i�s� �R�y�(�9�0�°�)� �=� �3�0�.�4�x�1�0�°� �c�m�'�.�"�*� �T�h�e� �e�f�f�e�c�t� �o�f� �t�e�m�p�e�r�a�t�u�r�e� �o�n� �t�h�e� �R�a�y�l�e�i�g�h� �r�a�t�i�o� �w�a�s� 

�t�a�k�e�n� �i�n�t�o� �a�c�c�o�u�n�t� �u�s�i�n�g� �t�h�e� �m�e�t�h�o�d� �r�e�c�o�m�m�e�n�d�e�d� �b�y� �C�h�u�!� �w�h�i�c�h� �c�o�r�r�e�c�t�s� �t�h�e� �r�a�t�i�o� �a�t� 

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

�t�h�a�t� �t�e�m�p�e�r�a�t�u�r�e � ��?�!�,� �T�h�e� �e�x�c�e�s�s� �R�a�y�l�e�i�g�h� �r�a�t�i�o�,� �a�R�(�@�)�,� �(�=� �R�(�®�)�,�o�t�t�i�o�n �� �R�C�)� �s�o�t�v�e�n�t�)� �i�S� �r�e�l�a�t�e�d� 

�t�o� �t�h�e� �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� �M�,�,� �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�,�,� �a�n�d� �t�h�e� 

�r�a�d�i�u�s� �o�f� �g�y�r�a�t�i�o�n� �R�,� �b�y ��:� 

�K�e�l�a�R�(�0�)� �=� �M�,�"�(�1�+�(�q�R�,�)�?�/�3�)� �+� �2�A�,�c� �(�2�.�2�)� 

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

�q�=� �4�a�n�y�s�i�n�(�8�/�2�)�/�X�o� �(�2�.�3�)� 

�a�n�d� �n�,� �i�s� �t�h�e� �s�o�l�v�e�n�t� �r�e�f�r�a�c�t�i�v�e� �i�n�d�e�x�.� �I�n� �e�q�u�a�t�i�o�n� �(�2�.�2�)�,� �K� �i�s� �d�e�f�i�n�e�d� �f�o�r� �v�e�r�t�i�c�a�l�l�y� 

�p�o�l�a�r�i�z�e�d� �l�i�g�h�t� �b�y� 

�K� �=� �(�2�x�n�,�(�d�n�/�d�c�)�) ��/�N�,�A�o�'�.� �(�2�.�4�)� 

�F�o�r� �a�l�l� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g� �e�x�p�e�r�i�m�e�n�t�s� �f�r�o�m� �5�°� �-� �4�5�°�C�,� �a�R�(�#�)� �w�a�s� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �t�h�e� 

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

�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�s� �e�m�p�l�o�y�e�d� �a�n�d� �d�u�e� �t�o� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �l�o�w� �d�e�g�r�e�e� �o�f� �c�h�a�i�n� �e�x�p�a�n�s�i�o�n� �o�f� 
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�t�h�e� �P�E�O�X�.� �T�h�u�s�,� �e�q�u�a�t�i�o�n� �(�2�.�2�)� �c�a�n� �b�e� �s�i�m�p�l�i�f�i�e�d� �a�s�:� 

�K�c�/�a�R�(�6�)� �=� �M�,�,�;�!� �+� �2�A�,�¢�.� �(�2�.�5�)� 

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

�o�f� �9�0�°� �w�i�t�h� �d�i�l�u�t�e� �s�o�l�u�t�i�o�n�s� �w�i�t�h� �p�o�l�y�m�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n� �c�<�0�.�0�1� �g� �c�m ��®�.� �A� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� 

�s�c�a�t�t�e�r�i�n�g� �i�n�t�e�n�s�i�t�y� �p�l�o�t� �f�o�r� �t�h�e� �s�a�m�p�l�e�s� �P�E�O�X� �2�0�K� �a�n�d� �3�0�K� �i�n� �e�t�h�a�n�o�l� �i�s� �s�h�o�w�n� �i�n� 

�F�i�g�u�r�e� �2�.�2�.� 

�G�P�C� �A�n�a�l�y�s�e�s�.� 

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

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

�d�e�t�e�c�t�o�r� �a�n�d� �a� �V�I�S�C�O�T�E�K� �i�n�t�r�i�n�s�i�c� �v�i�s�c�o�s�i�t�y� �d�e�t�e�c�t�o�r� �w�h�i�c�h� �p�e�r�m�i�t�t�e�d� �t�h�e� �u�s�e� �o�f� �a� 

�u�n�i�v�e�r�s�a�l� �c�a�l�i�b�r�a�t�i�o�n� �c�u�r�v�e�. �� �P�E�R�M�A�G�E�L� �c�o�l�u�m�n�s� �w�e�r�e� �u�s�e�d� �w�i�t�h� �a� �c�o�l�u�m�n� �p�a�c�k�i�n�g� 

�s�i�z�e� �o�f� �1�0� �m�i�c�r�o�n�s�.� �D�e�t�a�i�l�s� �o�f� �t�h�i�s� �p�r�o�c�e�d�u�r�e� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �p�r�e�v�i�o�u�s�l�y�. �� �T�h�e� �m�o�b�i�l�e� 

�p�h�a�s�e� �w�a�s� �a�n� �8�5�/�1�5� �v�/�v� �m�i�x�t�u�r�e� �o�f� �t�e�t�r�a�h�y�d�r�o�f�u�r�a�n� �a�n�d� �m�e�t�h�a�n�o�l� �a�n�d� �t�h�e� �m�e�a�s�u�r�e�m�e�n�t�s� 

�w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �2�5�°�C�.� 

�I�n�t�r�i�n�s�i�c� �V�i�s�c�o�s�i�t�y� �E�x�p�e�r�i�m�e�n�t�s�.� 

�V�i�s�c�o�s�i�t�i�e�s� �o�f� �d�i�l�u�t�e� �s�o�l�u�t�i�o�n�s� �o�f� �P�E�O�X� �i�n� �w�a�t�e�r� �w�e�r�e� �m�e�a�s�u�r�e�d� �w�i�t�h� �a� �C�a�n�n�o�n� 

�U�b�b�e�l�o�h�d�e� �L�-�5�0� �v�i�s�c�o�m�e�t�e�r� �i�n� �a� �w�a�t�e�r� �b�a�t�h� �o�v�e�r� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �r�a�n�g�e� �2�5�-�5�6�°�C�.� �T�h�e� 

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

�C�l�o�u�d� �P�o�i�n�t�.� 

�P�E�O�X� �s�o�l�u�t�i�o�n�s� �i�n� �w�a�t�e�r� �w�e�r�e� �p�r�e�p�a�r�e�d� �a�t� �d�i�f�f�e�r�e�n�t� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �f�o�r� �c�l�o�u�d� �p�o�i�n�t� 

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

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

�c�o�n�t�a�i�n�i�n�g� �s�i�l�i�c�o�n�e� �o�i�l�.� �S�o�l�u�t�i�o�n�s� �w�e�r�e� �h�e�a�t�e�d� �a�t� �a� �r�a�t�e� �o�f� �1�.�0� �°�C�/�m�i�n�.� 
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� � � � � � � � � � � � � � �4�e�- ��0�0�5� �|� �|� 
�0�.�0�0�0� �0�.�0�0�2� �0�.�0�0�4� �0�.�0�0�6� �0�.�0�0�8� �0�.�0�1�0� 
� � 

�P�o�l�y�m�e�r� �C�o�n�c�e�n�t�r�a�t�i�o�n�,� �g�/�m�l� 

�F�i�g�u�r�e� �2�.�2� �R�e�p�r�e�s�e�n�t�a�t�i�v�e� �s�t�a�t�i�c� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g� �p�l�o�t� �o�f� �P�E�O�X�(�2�0�K�)� �a�n�d� �P�E�O�X�(�3�0�K�)� �i�n� 
�e�t�h�a�n�o�l� �a�t� �2�5�°�C�;� �e� �P�E�O�X�(�2�0�K�)�;� �v� �P�E�O�X�(�3�0�K�)�.� 
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�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t� �M�e�a�s�u�r�e�m�e�n�t�s� 

�T�a�b�l�e� �2�.�1� �l�i�s�t�s� �v�a�l�u�e�s� �o�f� �t�h�e� �r�e�f�r�a�c�t�i�v�e� �i�n�d�e�x� �i�n�c�r�e�m�e�n�t�,� �d�n�/�d�c� �f�o�r� �P�E�O�X� �a�n�d� 

�P�M�O�x�X� �a�t� �d�i�f�f�e�r�e�n�t� �t�e�m�p�e�r�a�t�u�r�e�s� �a�n�d� �i�n� �d�i�f�f�e�r�e�n�t� �s�o�l�v�e�n�t�s�.� �T�h�e� �v�a�l�u�e�s� �o�f� �M�,�,� �i�n� �T�a�b�l�e� �2�.�2� 

�f�o�r� �P�E�O�X� �2�0�K� �a�n�d� �P�E�O�X� �3�0�K� �i�n� �e�t�h�a�n�o�l� �a�n�d� �i�s�o�p�r�o�p�a�n�o�l� �a�g�r�e�e�d� �r�e�a�s�o�n�a�b�l�y� �w�e�l�l�.� �T�h�e� 

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

�I�,� �a�c�c�o�r�d�i�n�g� �t�o� �t�h�e� �l�e�a�s�t� �s�q�u�a�r�e�s� �m�e�t�h�o�d�.� �I�n� �a�d�d�i�t�i�o�n�,� �T�a�b�l�e� �2�.�3� �s�u�m�m�a�r�i�z�e�s� �t�h�e� 

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

�c�h�r�o�m�a�t�o�g�r�a�p�h�y�.� �T�h�e� �M�,� �m�e�a�s�u�r�e�m�e�n�t�s� �i�n� �w�a�t�e�r� �f�o�r� �P�E�O�X� �2�0�K�,� �3�0�K�,� �a�n�d� �6�0�K� �w�e�r�e� 

�s�o�m�e�w�h�a�t� �h�i�g�h�e�r� �t�h�a�n� �i�n� �a�l�c�o�h�o�l�s�.� �W�e� �b�e�l�i�e�v�e� �t�h�i�s� �i�s� �d�u�e� �t�o� �s�o�m�e� �a�g�g�r�e�g�a�t�i�o�n� �o�f� �P�E�O�X� 

�i�n� �w�a�t�e�r�.� �I�n�d�e�e�d�,� �a� �P�E�O�X� �s�a�m�p�l�e� �w�i�t�h� �a� �n�u�m�b�e�r� �a�v�e�r�a�g�e� �M�,� �=� �2� �k�g� �m�o�l�e�"� �a�s� 

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

�M�,�,� �=� �5�7� �k�g� �m�o�l�e ��.� �A�g�g�r�e�g�a�t�i�o�n� �o�f� �n�o�n�i�o�n�i�c� �w�a�t�e�r� �s�o�l�u�b�l�e� �p�o�l�y�m�e�r�s� �i�n� �w�a�t�e�r� �w�a�s� 

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

�p�o�l�y�(�v�i�n�y�l� �p�y�r�r�o�l�i�d�o�n�e�)�,� �P�V�P�.� �I�n� �o�n�e� �s�t�u�d�y�,� �P�E�O� �w�i�t�h� �a�n� �a�p�p�r�o�x�i�m�a�t�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� 

�2�0� �k�g� �m�o�l�e �� �h�a�d� �a�n� �a�p�p�a�r�e�n�t� �M�y� �~� �2�6�0� �k�g� �m�o�l�e�"� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g�.� �T�h�e� 

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

�n�o�n�p�o�l�a�r� �r�e�g�i�o�n�s� �o�f� �t�h�e� �p�o�l�y�m�e�r� �c�h�a�i�n ��.� �P�V�P�,� �w�h�o�s�e� �s�t�r�u�c�t�u�r�e� �i�s� �s�i�m�i�l�a�r� �t�o� �P�E�O�X�,� �a�l�s�o� 

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

�M�y� �f�o�r� �P�E�O�X� �i�n� �n�-�b�u�t�a�n�o�l� �t�h�a�n� �i�n� �e�t�h�a�n�o�l� �a�n�d� �i�s�o�p�r�o�p�a�n�o�l� �m�a�y� �b�e� �d�u�e� �t�o� �s�o�m�e� �s�l�i�g�h�t� 

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

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

�v�a�l�u�e�s� �w�h�i�l�e� �t�h�e� �t�r�u�e� �v�a�l�u�e�s� �o�f� �M�y� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �i�n� �e�t�h�a�n�o�l� �a�n�d� �i�s�o�p�r�o�p�a�n�o�l�.� 
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�T�a�b�l�e� �2�.�1�.� �R�e�f�r�a�c�t�i�v�e� �I�n�d�e�x� �I�n�c�r�e�m�e�n�t�s�,� �d�n�/�d�c�,� �f�o�r� �P�o�l�y�(�2�-�a�l�k�y�l�-�o�x�a�z�o�l�i�n�e�s�)� �a�t� �5�1�0� �n�m� 

� � 

� � 

�P�o�l�y�m�e�r�/�S�o�l�v�e�n�t� �d�n�/�d�c�,� �c�m�*�g�?� 
�5�°�C� �2�5�°�C� �4�5�°�C� 

�P�E�O�X�/�W�a�t�e�r� �0�.�1�8�4�+�0�.�0�0�2� �0�.�1�7�6�+�0�.�0�0�2� �0�.�1�7�4�+�0�.�0�0�2� 
�P�E�O�X�/�E�t�h�a�n�o�l� �-�-� �0�.�1�5�5� �+�0�.�0�0�2� �-�-� 
�P�E�O�X�/�T�s�o�p�r�o�p�a�n�o�l� �-�-� �0�.�1�5�5�+�0�.�0�0�3� �~� �0�.�1�5�9�+�0�.�0�0�1� 
�P�E�O�X�/�n�-�B�u�t�a�n�o�l� �-�-� �0�.�1�1�0�+�0�.�0�0�1� �-�-� 
�P�M�O�X�/�W�a�t�e�r� �0�.�1�8�0�+�0�.�0�0�2� �0�.�1�7�2�+�0�.�0�0�2� �0�.�1�7�2�+�0�.�0�0�2� 

� � 

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

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

�r�e�s�u�l�t�i�n�g� �i�n� �h�i�g�h�l�y� �n�o�n�l�i�n�e�a�r� �p�l�o�t�s� �o�f� �K�c�/�A�R�(�@�)� �v�e�r�s�u�s� �c� �(�s�e�e� �e�q�u�a�t�i�o�n� �(�2�.�5�)�)�.� �I�n� �E�l�i�a�s �� 

�n�o�m�e�n�c�l�a�t�u�r�e�,� �t�h�e� �r�e�s�u�l�t�s� �f�o�r� �P�E�O�X� �c�o�r�r�e�s�p�o�n�d� �t�o� �t�h�e� �T�y�p�e� �I�V�B� �c�a�s�e� �w�h�e�r�e� �t�h�e� �p�o�l�y�m�e�r� 

�i�s� �i�n� �a� �g�o�o�d� �s�o�l�v�e�n�t� �a�n�d� �t�h�e� �s�c�a�t�t�e�r�i�n�g� �p�l�o�t� �o�f� �K�c�/�A�R�(�@�)� �v�e�r�s�u�s� �c� �i�s� �l�i�n�e�a�r� �b�u�t� �t�h�e� 

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

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

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.�2� �o�v�e�r� �t�h�e� �P�E�O�X� �c�o�n�c�e�n�t�r�a�t�i�o�n� �r�a�n�g�e� �0�.�0�0�1�-�0�.�0�0�8� �g� �c�m�®�.� �A�l�l� �o�f� �t�h�e� 

�s�c�a�t�t�e�r�i�n�g� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �i�n� �t�h�e� �c�o�n�c�e�n�t�r�a�t�i�o�n� �r�a�n�g�e� �0�.�0�0�1�-�0�.�0�1� �g� �c�m ��.� �W�e� 

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

�e�x�p�e�r�i�m�e�n�t�s�.� 

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

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

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

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

�a�s�s�o�c�i�a�t�i�o�n� �o�f� �P�E�O�X� �i�s� �o�p�e�n� �o�r� �c�l�o�s�e�d�.� �T�y�p�e� �I�V�B� �b�e�h�a�v�i�o�r� �i�s� �e�x�h�i�b�i�t�e�d� �b�y� �p�o�l�y�m�e�r�s� 

�u�n�d�e�r�g�o�i�n�g� �b�o�t�h� �o�p�e�n� �a�n�d� �c�l�o�s�e�d� �a�s�s�o�c�i�a�t�i�o�n ��.� �I�n� �v�i�e�w� �o�f� �t�h�i�s�,� �t�h�e� �A�,� �v�a�l�u�e�s� �o�f� �P�E�O�X� 

�i�n� �w�a�t�e�r� �a�n�d� �n�-�b�u�t�a�n�o�l� �r�e�p�r�e�s�e�n�t� �e�f�f�e�c�t�i�v�e� �a�v�e�r�a�g�e�s� �o�v�e�r� �t�h�e� �a�s�s�o�c�i�a�t�e�d� �s�t�a�t�e�s� �i�n� �s�o�l�u�t�i�o�n�.� 
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�T�A�B�L�E� �2�.�2�.� �S�e�c�o�n�d� �V�i�r�i�a�l� �C�o�e�f�f�i�c�i�e�n�t�s� �a�n�d� �M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t�s� �f�o�r� �P�o�l�y�(�2�-�a�l�k�y�l�-�2�-� 
�o�x�a�z�o�l�i�n�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� �a�n�d� �s�o�l�v�e�n�t� �t�y�p�e�.� 

� � 

� � 

�S�a�m�p�l�e� �S�o�l�v�e�n�t� �T� �M�, �� �S�e�c�o�n�d� �V�i�r�i�a�l� �C�o�e�f�f�i�c�i�e�n�t�,� �A�,� 
�°�C� �k�g� �m�o�l�e�?� �m�o�l�e� �c�m�?� �g �� �x� �1�0�*� 

�P�E�O�X� �2�0�K� �W�a�t�e�r� �5� �2�2�.�9�+�0�.�9� �1�2�.�2�4�+�1�.�4� 
�2�5� �2�3�.�1�+�0�.�8� �1�0�.�8�+�1�.�0� 
�4�5� �2�3�.�2�+�0�.�7� �9�.�4�4�+�1�.�1� 

�E�t�h�a�n�o�l� �2�5� �1�6�.�6�+�0�.�6� �1�9�.�5�+�2�.�1� 

�I�s�o�p�r�o�p�a�n�o�l� �2�5� �1�4�.�4�+�0�.�5� �2�9�.�1�+�1�.�9� 
�4�5� �1�6�.�5�+�0�.�4� �3�3�.�8�4�+�1�.�2� 

�n�-�B�u�t�a�n�o�l� �2�5� �2�0�.�2�+�0�.�3� �2�0�.�4�+�1�.�2� 

�P�E�O�X� �3�0�K� �W�a�t�e�r� �5� �3�2�.�0� �9�.�5�6� 
�2�5� �3�4�.�0� �7�.�4�1� 
�4�5� �3�3�.�8� �5�.�9�2� 

�E�t�h�a�n�o�l� �2�5� �2�3�.�2�+�1�.�2� �2�2�.�6�4�1�.�6� 

�I�s�o�p�r�o�p�a�n�o�l� �2�5� �2�2�+�0�.�9� �3�0�.�9�+�1�.�9� 
�4�5� �2�2�.�3�+�0�.�4� �2�5�.�8�+�0�.�8� 

�P�E�O�X� �6�0�K� �W�a�t�e�r� �5� �6�7�.�1�+�0�.�4� �8�.�8�+�0�.�7� 
�2�5� �6�6�.�9�+�4�.�7� �7�.�5�+�0�.�8� 
�4�5� �6�2�.�1�4�2�.�3� �4�.�2�+�0�.�5� 

�I�s�o�p�r�o�p�a�n�o�l� �2�5� �4�7�.�0�+�0�.�1� �9�.�8�7�+�0�.�6� 
�4�5� �4�6�.�0�+�0�.�1� �1�0�.�8�+�0�.�8� 

�P�M�O�X� �2�0�K� �W�a�t�e�r� �2�5� �2�1�.�8�+�1�.�1� �1�7�.�1�4�1�.�9� 

�P�M�O�X� �3�0�K� �W�a�t�e�r� �5� �2�4�.�3� �1�7�.�3� 
�2�5� �2�3�.�7� �1�3�.�7� 
�4�5� �2�1�.�7� �1�1�.�2� 

� � 

�*� �F�r�o�m� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g� �a�t� �s�c�a�t�t�e�r�i�n�g� �a�n�g�l�e� �=� �9�0�°�.� 
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�T�h�i�s� �i�s� �a�n�a�l�o�g�o�u�s� �t�o� �t�h�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �A�,� �m�e�a�s�u�r�e�m�e�n�t�s� �f�o�r� �s�o�l�u�t�i�o�n�s� �o�f� �s�i�n�g�l�e� �c�h�a�i�n�s� 

�w�i�t�h� �s�o�m�e� �p�o�l�y�d�i�s�p�e�r�s�i�t�y ��®�.� 

�M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t� �D�e�p�e�n�d�e�n�c�e�.� 

�T�h�e� �s�a�m�p�l�e�s� �w�i�t�h� �t�h�e� �t�h�r�e�e� �l�o�w�e�s�t� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�s� �-� �P�E�O�X� �2�K�,� �5�K�,� �a�n�d� �7�K� �-� 

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

�n�u�m�b�e�r� �o�f� �P�E�O�X� �c�h�a�i�n�s� �p�e�r� �a�g�g�r�e�g�a�t�e�,� �(�M�w�)�a�p�e�r�e�g�a�t�e�/�(�M�w�)�s�i�n�g�t�e� �c�h�a�i�n� �T�a�n�g�e�d� �f�r�o�m� �1�4� �f�o�r� 

�P�E�O�X� �2�K� �t�o� �2� �f�o�r� �P�E�O�X� �7�K�.� �T�h�e�s�e� �r�a�t�i�o�s� �a�r�e� �b�a�s�e�d� �o�n� �t�h�e� �v�a�l�u�e� �o�f� �(�M�w�)�s�i�n�g�l�e� �c�h�a�i�n� 

�o�b�t�a�i�n�e�d� �b�y� �G�P�C� �a�n�d� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �2�.�3�.� �I�t� �i�s� �b�e�l�i�e�v�e�d� �t�h�a�t� �t�h�e� �P�E�O�X� �c�h�a�i�n�s� �a�g�g�r�e�g�a�t�e� 

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

�T�A�B�L�E� �2�.�3� �M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �D�a�t�a� �f�o�r� �P�o�l�y�(�2�-�a�l�k�y�l�-�o�x�a�z�o�l�i�n�e�s�)� 

� � 

� � 

�S�a�m�p�l�e� �M�.�(�G�P�C�)�M�,� �(�G�P�C�)� �M�,�/�M�,�(�G�P�C�)� �M�,� �(�S�L�S�)� 
�k�g� �m�o�l�e�!� 

�P�E�O�X� �2�K� �3�.�7� �4�.�1� �1�.�1�0� �~� �5�7� 
�P�E�O�X� �5�K� �7�.�3� �8�.�1� �1�.�1�1� �~� �3�4�°� 
�P�E�O�X� �7�K� �6�.�1� �7�.�4� �1�.�2�1� �~� �1�3�°� 
�P�E�O�X� �2�0�K� �1�9�.�4� �2�9�.�0� �1�.�5�0� �2�2�.�6�°� 
�P�E�O�X� �3�0�K� �3�6�.�8� �4�3�.�8� �1�.�1�9� �3�3�.�2�"� 
�P�E�O�X� �6�0�K� �5�4�.�0� �8�3�.�2� �1�.�5�4� �6�3�.�5�*� 

�P�M�O�X� �2�0�K� �2�1�.�8�°� 
�P�M�O�X� �3�0�K� �2�3�.�2�°� 

� � 

�*� �A�v�e�r�a�g�e� �v�a�l�u�e�s� �f�r�o�m� �s�t�a�t�i�c� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g� �a�t� �5�°�,� �2�5�°�,� �a�n�d� �4�5�°�C� �i�n� �w�a�t�e�r� �a�t� �s�c�a�t�t�e�r�i�n�g� 
�a�n�g�l�e� �=� �9�0�°�.� 
�>� �F�r�o�m� �s�t�a�t�i�c� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g� �a�t� �2�5�°� �i�n� �w�a�t�e�r� �w�i�t�h� �s�c�a�t�t�e�r�i�n�g� �a�n�g�l�e� �=� �9�0�°�.� 
�°� �A�g�g�r�e�g�a�t�e�d� 

�S�e�c�o�n�d� �V�i�r�i�a�l� �C�o�e�f�f�i�c�i�e�n�t�s� 

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

�P�E�O�X� �a�n�d� �P�M�O�X� �a�r�e� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �2�.�2�.� �T�h�e� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� �f�o�r� �A�,�,� �o�,�,� �a�r�e� 
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�a�l�s�o� �s�h�o�w�n� �i�n� �A�p�p�e�n�d�i�x� �I�.� �T�h�e� �d�e�c�r�e�a�s�e� �o�f� �A�,� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �t�e�m�p�e�r�a�t�u�r�e� �r�e�f�l�e�c�t�s� �t�h�e� 

�l�o�w�e�r� �c�r�i�t�i�c�a�l� �s�o�l�u�t�i�o�n� �b�e�h�a�v�i�o�r� �o�f� �P�E�O�X� �a�n�d� �P�M�O�X� �i�n� �w�a�t�e�r�.� �T�h�e� �m�a�g�n�i�t�u�d�e� �o�f� 

�d�A�,�/�d�T�,� �s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �2�.�4� �f�o�r� �v�a�r�i�o�u�s� �p�o�l�y�m�e�r�s� �i�n� �w�a�t�e�r�,� �g�e�n�e�r�a�l�l�y� �i�n�c�r�e�a�s�e�d� �w�i�t�h� 

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

�P�E�O�X� �i�n� �w�a�t�e�r� �i�s� �s�i�m�p�l�i�f�i�e�d� �b�y� �t�h�e� �l�a�c�k� �o�f� �s�y�s�t�e�m�a�t�i�c� �v�a�r�i�a�t�i�o�n� �o�f� �t�h�e� �e�x�t�r�a�p�o�l�a�t�e�d� �M�,�,� 

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

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

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

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

�T�a�b�l�e� �2�.�4� �E�f�f�e�c�t� �o�f� �T�e�m�p�e�r�a�t�u�r�e� �o�n� �S�e�c�o�n�d� �V�i�r�i�a�l� �C�o�e�f�f�i�c�i�e�n�t�s� �f�o�r� �P�o�l�y�(�2�-� 
�a�l�k�y�l�o�x�a�z�o�l�i�n�e�s�)� 

� � 

� � 

�P�o�l�y�m�e�r�/�S�o�l�v�e�n�t� �M�,� �d�A�,�/�d�T� �B�, �� 
�k�g� �m�o�l�e�!� �m�o�l�e� �c�m�?� �g�?� �°�K� �c�a�l� �c�m ��g�?� �°�K�?� 

�x� �1�0�°� �x� �1�0�°� 

�P�E�O�X� �2�0�K�/�w�a�t�e�r� �2�3�.�1�°� �-�0�.�7�+�0�.�0�1� �-�1�.�9�9�+�0�.�1�6� 
�P�E�O�X� �3�0�K�/�w�a�t�e�r� � �3�3�.�3�°� �-�0�.�9�1�+�0�.�0�9� �-�3�.�8�5�+�0�.�3�5� 
�P�E�O�X� �6�0�K�/�w�a�t�e�r� � �6�5�.�4�°� �-�1�.�1�5�+�0�.�2�8� �-�§�.�5�4�+�1�.�9� 
�P�E�O�X�(�C�h�e�n�)�/�w�a�t�e�r� �1�1�6�°� �-�3�.�3� �-�1�9�.�0� 

�P�M�O�X� �3�0�K�/�w�a�t�e�r� �2�3�.�2�°� �-�1�.�5�2�+�0�.�1� �-�6�.�2�+�0�.�2� 

� � 

�*�B�, ��=�d�(�R�T�A�,�)�/�d�T� �=� �A�s�®�/�c ��V�,� �,� �r�e�d�u�c�e�d� �e�x�c�e�s�s� �e�n�t�r�o�p�y� �o�f� �d�i�l�u�t�i�o�n�,� �f�r�o�m� �e�q�u�a�t�i�o�n� �(�2�.�7�)�.� 
�»� �A�v�e�r�a�g�e� �v�a�l�u�e�s� �f�r�o�m� �s�t�a�t�i�c� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g� �a�t� �5�°�,� �2�5�°�,� �a�n�d� �4�5�°�C� �i�n� �w�a�t�e�r� �w�i�t�h� �a�n�g�l�e� �9�0�°�.� 
�°� �F�r�o�m� �S�t�a�t�i�c� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g� �b�y� �C�h�e�n� �e�r� �a�l�.�,� �r�e�f�e�r�e�n�c�e� �(�8�)�.� 

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

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

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

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

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

�A�h�F� �=� �(�B�, �� �T�-� �B�,�)�c �� �V�,� �(�2�.�6�)� 

�w�h�e�r�e� �B�,� �=� �R�T�A�,�,� �B�, �� �=� �d�B�/�d�T�,� �a�n�d� �V�,� �i�s� �t�h�e� �p�a�r�t�i�a�l� �m�o�l�a�r� �v�o�l�u�m�e� �o�f� �w�a�t�e�r�.� �T�h�e� 

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

�A�s�?� �=� �B�, ��c�*� �V�j�.� �(�2�.�7�)� 

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

�A�p�?� �=� �A�h�=� �-� �T�A�s�=�.� �(�2�.�8�)� 

�F�o�r� �s�o�l�u�t�i�o�n�s� �o�f� �P�E�O�X� �a�n�d� �P�M�O�X� �i�n� �w�a�t�e�r�,� �t�h�e� �e�x�c�e�s�s� �e�n�t�h�a�l�p�y� �A�h�®� �a�n�d� �t�h�e� 

�e�x�c�e�s�s� �e�n�t�r�o�p�y� �A�s �� �w�e�r�e� �n�e�g�a�t�i�v�e� �d�u�e� �t�o� �h�y�d�r�o�g�e�n� �b�o�n�d�i�n�g� �b�e�t�w�e�e�n� �P�E�O�X� �a�n�d� �w�a�t�e�r�.� 

�T�h�e� �r�e�d�u�c�e�d� �q�u�a�n�t�i�t�i�e�s� �T�A�s�®�/�c�?� �V�,� �(�=� �T� �B�, ��)� �a�n�d� �A�h�®�/�c�?� �V�,� �f�o�r� �P�E�O�X� �i�n� �w�a�t�e�r� �a�t� �4�5�°�C�,� 

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.�3�,� �b�e�c�a�m�e� �m�o�r�e� �n�e�g�a�t�i�v�e� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�.� �T�h�e� �d�a�t�a� 

�f�r�o�m� �C�h�e�n� �e�t� �a�l�.� �f�o�r� �a� �r�e�l�a�t�i�v�e�l�y� �p�o�l�y�d�i�s�p�e�r�s�e� �s�a�m�p�l�e� �o�f� �P�E�O�X� �w�i�t�h� �h�i�g�h�e�r� �M�,� �(�M�,� �=� 

�1�1�6� �k�g� �m�o�l�e ��,� �M�,�/�M�,�=�2�.�4�)� �a�r�e� �a�l�s�o� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.�3� �a�n�d� �a�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� 

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

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

�i�n� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �r�a�n�g�e� �5�°�-�4�5�°�C�.� �W�h�i�l�e� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �d�e�p�e�n�d�e�n�c�e� �o�f� �A�h�¥� �a�n�d� �A�s�®� 

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

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

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

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

�a�n� �e�n�t�h�a�l�p�i�c� �t�e�r�m� �x�,� �a�n�d� �a�n� �e�n�t�r�o�p�i�c� �t�e�r�m� �x�,� �o�r� �e�q�u�i�v�a�l�e�n�t�l�y�,� �t�h�e� �t�e�r�m�s� �x� �a�n�d� �y� �f�r�o�m� �t�h�e� 
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�0�.�0� �T� �q� �f� �T� �|� �o�T� �~� �|� �4� 

�5� 

�E�,� �2� �e� �@� �0� �O� �P�E�O�X� �T�*�A�S� �/�C ��V�,� 
�Q�O� �-�1�.�5� �_� �e� �_ �� 

�>� �O�o� �E� �,�2� 
 ¬� �@� �P�E�O�X� �A�h� �/�C� �V�,� 

 �� �2� �E� �,�W�.�2� 
�i� �v� �P�E�O�X� �T�A�S� �/�C� �V�,� �f�r�o�m� �C�h�e�n� �(�8�)� �©� �1� �-�3�.�0� �+� �4� 
�=� �E� �,� �2� 

�c�o� �v� �P�E�O�X� �A�h� �/�C� �V�,� �f�r�o�m� �C�h�e�n� �(�8�)� 
�>� �E�,� �2� 
�g� �O� �P�M�O�X�(�3�0�K�)� �T�*�A�S� �/�C� �V� 
�5�3� �-�4�.�5� �5�+� �1� �a�m� 

�7� �E�,� �2� �u�n� �=� �P�M�O�X�(�3�0�K�)� �A�h�  ��/�C ��V�,� 

�©� 
�g� �-�6�.�0�+� �3� �-� 

�- ��7�.�5� �\� �|� �1� �|� �L� �|� �!� �|� �!� 

�0� �4�0� �8�0� �1�2�0� �1�6�0� �2�0�0� 

�M�,�,� �K�g�/�m�o�l�e� 

�F�i�g�u�r�e� �2�.�3� �R�e�d�u�c�e�d� �e�x�c�e�s�s� �t�h�e�r�m�o�d�y�n�a�m�i�c� �d�i�l�u�t�i�o�n� �f�u�n�c�t�i�o�n�s� �e�n�t�h�a�l�p�y� �o�f� �m�i�x�i�n�g�,� 
�a�h�®�/�C�,�?�V�,� �(�e�q�u�a�t�i�o�n� �(�2�.�6�)�)�,� �a�n�d� �e�n�t�r�o�p�y� �o�f� �m�i�x�i�n�g� �T�a�s�®�/�C�,�?�V�,� �(�e�q�u�a�t�i�o�n� �(�2�.�7�)�)� �f�o�r� �P�E�O�X� 
�a�n�d� �P�M�O�X� �i�n� �w�a�t�e�r� �f�o�r� �4�5�°�C� �p�l�o�t�t�e�d� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �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�.� 
�A�l�s�o� �p�l�o�t�t�e�d� �a�r�e� �d�a�t�a� �f�r�o�m� �C�h�e�n� �e�t� �a�l�.�,� �r�e�f�e�r�e�n�c�e� �(�8�)�.� 
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�o�r�i�g�i�n�a�l� �F�l�o�r�y�-�H�u�g�g�i�n�s� �t�h�e�o�r�y� �s�o�l�u�t�i�o�n� �t�h�e�o�r�y ��.� �H�o�w�e�v�e�r�,� �t�h�i�s� �a�p�p�r�o�a�c�h� �f�a�i�l�s� �t�o� �a�c�c�o�u�n�t� 

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

�m�o�l�e�c�u�l�e�s�.� 

�E�f�f�e�c�t�_�o�f� �P�o�l�y�m�e�r� �S�t�r�u�c�t�u�r�e�.� �B�o�t�h� �T�a�b�l�e� �2�.�3� �a�n�d� �F�i�g�u�r�e� �2�.�3� �s�h�o�w� �t�h�a�t� �t�h�e� 

�m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �r�e�d�u�c�e�d� �e�x�c�e�s�s� �e�n�t�r�o�p�y� �o�f� �m�i�x�i�n�g�,� �B�, ��,� �w�a�s� �a�b�o�u�t� �4�0�%� �h�i�g�h�e�r� �f�o�r� 

�P�M�O�X� �3�0�K� �t�h�a�n� �f�o�r� �P�E�O�X� �2�0�K� �w�h�i�c�h� �h�a�d� �a� �c�o�m�p�a�r�a�b�l�e� �v�a�l�u�e� �o�f� �M�y� �i�n� �w�a�t�e�r�.� �T�h�i�s� 

�S�u�g�g�e�s�t�s� �w�a�t�e�r� �m�o�l�e�c�u�l�e�s� �f�o�r�m� �m�o�r�e� �h�i�g�h�l�y� �o�r�d�e�r�e�d� �s�t�r�u�c�t�u�r�e�s� �a�r�o�u�n�d� �P�M�O�X�.� �T�h�e� 

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

�t�h�e� �c�a�r�b�o�n�y�l� �g�r�o�u�p� �i�n� �P�E�O�X� �i�s� �l�e�s�s� �p�o�l�a�r� �t�h�a�n� �t�h�e� �c�a�r�b�o�n�y�l� �g�r�o�u�p� �i�n� �P�M�O�X� �a�n�d� �s�h�o�u�l�d� 

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

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

�a�r�o�u�n�d� �t�h�e� �P�E�O�X� �b�a�c�k�b�o�n�e� �t�h�a�n� �d�o�e�s� �t�h�e� �m�e�t�h�y�l� �g�r�o�u�p� �i�n� �P�M�O�X�.� 

�E�f�f�e�c�t� �o�f� �S�o�l�v�e�n�t� �T�y�p�e�.� �A�t�a� �g�i�v�e�n� �t�e�m�p�e�r�a�t�u�r�e�,� �t�h�e� �v�a�l�u�e�s� �o�f� �A�,� �f�o�r� �P�E�O�X� �2�0�K�,� 

�3�0�K�,� �a�n�d� �6�0�K� �i�n� �d�i�f�f�e�r�e�n�t� �a�l�c�o�h�o�l�s� �w�e�r�e� �h�i�g�h�e�r� �t�h�a�n� �t�h�e� �v�a�l�u�e�s� �o�f� �A�,� �i�n� �w�a�t�e�r� �a�s� �s�e�e�n� 

�i�n� �T�a�b�l�e� �2�.�2�.� �T�h�e� �t�r�e�n�d�s� �a�r�e� �a�l�s�o� �q�u�a�l�i�t�a�t�i�v�e�l�y� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �e�s�t�i�m�a�t�e�d� �s�o�l�u�b�i�l�i�t�y� 

�p�a�r�a�m�e�t�e�r�s� �f�o�r� �P�E�O�X� �a�n�d� �t�h�e� �s�o�l�v�e�n�t�s�.� �T�h�e� �H�a�n�s�e�n� �s�o�l�u�b�i�l�i�t�y� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �w�a�t�e�r�,� 

�e�t�h�a�n�o�l�,� �i�s�o�p�r�o�p�a�n�o�l� �a�n�d� �b�u�t�a�n�o�l� �a�r�e� �4�8�.�0�,� �2�6�.�3�,� �2�3�.�6�,� �2�3�.�2� �J�'�?�/�c�m�? ��,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� 

�s�o�l�u�b�i�l�i�t�y� �p�a�r�a�m�e�t�e�r� �o�f� �P�E�O�X� �w�a�s� �e�s�t�i�m�a�t�e�d� �a�s� �=� �2�6� �J�'�?�/�c�m�* �� �b�y� �t�h�e� �g�r�o�u�p� �c�o�n�t�r�i�b�u�t�i�o�n� 

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

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

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

�C�h�a�i�n� �S�t�i�f�f�n�e�s�s�.� �T�h�e� �K�u�h�n� �l�e�n�g�t�h� �L�,� �c�h�a�r�a�c�t�e�r�i�z�e�s� �t�h�e� �c�h�a�i�n� �s�t�i�f�f�n�e�s�s�.� �T�h�e� �r�a�t�i�o� 

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

�L�y� �=� �(�6�M�o�a�a�/�L�i�n�o�n�)� �R�g�e�?�/�M�)� �(�2�.�9�)� 
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�w�h�e�r�e� �M�,�,�,�,� �i�s� �t�h�e� �m�o�n�o�m�e�r� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �(�=� �0�.�0�9�9� �k�g�/�m�o�l�e�)� �a�n�d� �L�,�,�,�,� �i�s� �t�h�e� 

�m�o�n�o�m�e�r� �l�e�n�g�t�h� �(�=� �0�.�4�6� �n�m�)� �f�o�r� �P�E�O�X�.� �T�h�e� �n�u�m�b�e�r� �o�f� �K�u�h�n� �s�e�g�m�e�n�t�s� �N�,�,� �i�.�e�.� �t�h�e� 

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

�N�,� �=� �L�/�L�,� �(�2�.�1�0�)� 

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

�a�n�d� �m�o�n�o�m�e�r� �l�e�n�g�t�h� �L�,�,�,�.� 

�A�n�o�t�h�e�r� �e�s�t�i�m�a�t�e� �o�f� �(�R�,�,�?�/�M�)� �c�o�m�e�s� �f�r�o�m� �t�h�e� �v�a�l�u�e�s� �o�f� �[�n�]�,� �u�s�i�n�g� �t�h�e� �F�l�o�r�y�-�F�o�x� 

�e�q�u�a�t�i�o�n �� 

�(�R�y�o� �/�M�)�*�?� �=� �[�1�]�9�/�(�6�°�°�M�,�,�°�8�,�)� �(�2�.�1�1�)� 

�T�h�i�s� �g�i�v�e�s� �a�n� �a�v�e�r�a�g�e� �v�a�l�u�e� �o�f� �(�R�,�, ��/�M�)� �=� �5�.�9�5�x�1�0�*� �n�m �� �m�o�l�e� �g!"� �w�h�i�c�h� �l�e�a�d�s� �L�,� �t�o� �b�e� 

�0�.�7�7� �n�m� �o�f� �P�E�O�X� �i�n� �s�t�u�d�y�.� �T�h�e� �r�a�n�g�e� �o�f� �t�h�e� �K�u�h�n� �l�e�n�g�t�h� �L�,� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �l�e�s�s� �t�h�a�n� 

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

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

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

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

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

�P�a�t�t�e�r�s�o�n� �e�t� �a�l�.�*�°� �a�n�d� �F�l�o�r�y� �e�t� �a�l�.�*�'� �a�n�d� �r�e�v�i�e�w�e�d� �i�n� �C�h�a�p�t�e�r� �1�.� �B�a�s�e�d� �o�n� �t�h�e� �F�l�o�r�y�-� 

�H�u�g�g�i�n�s� �(�F�H�)� �t�h�e�o�r�y� �f�o�r� �o�r�g�a�n�i�c� �s�o�l�u�t�i�o�n�s� �(�n�o�n�-�p�o�l�a�r� �s�o�l�v�e�n�t�s�)�,� �t�h�e� �x� �p�a�r�a�m�e�t�e�r� �i�n�c�r�e�a�s�e�s� 

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

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

�s�o�l�u�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �(�L�C�S�T�)�.� �I�n� �F�H� �t�h�e�o�r�y�,� �t�h�e� �t�e�m�p�e�r�a�t�u�r�e� �a�t� �w�h�i�c�h� �p�h�a�s�e� �s�e�p�a�r�a�t�i�o�n� 

�o�c�c�u�r�s� �i�s� �g�i�v�e�n� �b�y� 
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�1�  �� �=� �1� �+�( � ��_�)�( � ��_� �+� �7� �(�S�l�  ��Q�E� �a�x� 

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

� � �7� �(�2�.�1�2�)� 

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

�(�2�.�1�3�)�:� 

�A�s�,�=� �=� �R�V�,�¢�, �� �(�2�.�1�3�)� 

�i�n� �m�o�d�i�f�i�e�d� �F�l�o�r�y�-�H�u�g�g�i�n�s� �t�h�e�o�r�y�.�'�*�*�!� �T�h�e� �i�n�t�e�r�c�e�p�t� �o�f� �E�q�u�a�t�i�o�n� �(�2�.�1�2�)� �p�r�o�v�i�d�e�s� �t�h�e� 

�i�n�f�o�r�m�a�t�i�o�n� �o�f� �t�h�e� �t�h�e�t�a� �t�e�m�p�e�r�a�t�u�r�e�,� �0�.� 

�F�i�g�u�r�e� �2�.�4� �s�h�o�w�s� �t�h�e� �c�l�o�u�d� �p�o�i�n�t� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �P�E�O�X� �i�n� �w�a�t�e�r� �a�t� �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�.� �A�l�l� �c�u�r�v�e�s� �e�x�h�i�b�i�t� �t�h�e� �c�o�n�c�a�v�e� �s�h�a�p�e�s�,� �w�h�i�c�h� �a�r�e� �t�y�p�i�c�a�l� �f�o�r� �w�a�t�e�r�-� 

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

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

�a� �p�l�o�t� �o�f� �T�,� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �P�E�O�X� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �f�o�l�l�o�w�i�n�g� �E�q�u�a�t�i�o�n� �(�2�.�1�2�)�.� �A� �p�l�o�t� 

�o�f� �t�h�e� �r�e�c�i�p�r�o�c�a�l� �c�r�i�t�i�c�a�l� �t�e�m�p�e�r�a�t�u�r�e� �(�T�,�!�)� �a�g�a�i�n�s�t� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �f�u�n�c�t�i�o�n�,� �x�,� �1 �� 

�+� �(�2�x�,�)�'�,� �i�s� �p�l�o�t�t�e�d� �i�n� �F�i�g�u�r�e� �2�.�5�.� �T�h�e� �n�u�m�b�e�r�-�a�v�e�r�a�g�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�s� �m�e�a�s�u�r�e�d� �b�y� 

�G�P�C� �w�e�r�e� �u�s�e�d� �f�o�r� �t�h�i�s� �c�a�l�c�u�l�a�t�i�o�n�.� �A� �n�e�g�a�t�i�v�e� �s�l�o�p�e� �o�f� �1�/�(�@�-�¥�)� �a�n�d� �a� �p�o�s�i�t�i�v�e� �i�n�t�e�r�c�e�p�t� 

�o�f� �(�1�/�8�)� �w�e�r�e� �o�b�t�a�i�n�e�d�.� �B�y� �e�x�t�r�a�p�o�l�a�t�i�o�n� �o�f� �t�h�e� �c�l�o�u�d� �p�o�i�n�t� �t�o� �i�n�f�i�n�i�t�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� 

�t�h�e� �6�-�t�e�m�p�e�r�a�t�u�r�e� �o�f� �P�E�O�X� �i�n� �w�a�t�e�r� �i�s� �o�b�t�a�i�n�e�d� �a�t� �6�0�+�2� �°�C�,� �w�h�i�c�h� �i�s� �r�e�l�a�t�i�v�e�l�y� �c�l�o�s�e� 

�t�o� �t�h�e� �v�a�l�u�e� �o�f� �5�6� �°�C� �r�e�p�o�r�t�e�d� �e�a�r�l�i�e�r� �b�y� �C�h�e�n� �e�r� �a�l�.�*�.� 

�A�l�s�o� �f�r�o�m� �F�i�g�u�r�e� �2�.�5�,� �t�h�e� �n�e�g�a�t�i�v�e� �s�l�o�p�e� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �¥�,� �<�0�.� �T�h�i�s� �d�e�m�o�n�s�t�r�a�t�e�s� 

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

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

�s�p�e�c�i�f�i�c� �a�s�s�o�c�i�a�t�i�o�n� �o�f� �t�h�e� �w�a�t�e�r� �m�o�l�e�c�u�l�e�s� �w�i�t�h� �t�h�e� �P�E�O�X� �c�h�a�i�n�s�.� 

�T�h�e� �F�H� �t�h�e�o�r�y� �c�a�n�n�o�t� �p�r�e�d�i�c�t� �t�h�e� �L�C�S�T� �w�h�i�c�h� �i�s� �t�y�p�i�c�a�l�l�y� �o�b�s�e�r�v�e�d� �i�n� �W�S�P ��s�.� 

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

�U�C�S�T� �i�s� �r�e�a�c�h�e�d�.� �T�h�i�s� �r�e�l�a�t�i�o�n� �i�s� �g�i�v�e�n� �b�y �� 
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�e�e� �7�O�-�L� �e�e� �|� 

�y�e� �:�C�B�S�O�K� 

�n�n� 
�g� �1�1�6�K� �6�6� �.� �7� 

�6�0� �-� �2� �|� �|� �4� 
�_�-� �a� �7�0�K� 

�e�o� �6�4� �-� �#�=�©� �1�4�0�K� �=� 
�3� �:� 
�©� �-� �@� �2�8�0�K� �1� 

�O�o� 

�&� �6�2�+� �o�o� �3�5�0�K� �L�l� �5� �7�.� �5�0� �5� �.� 

�6�0�  �� �|� 
�0�.�0�0� �0�.�0�2� �0�.�0�4� 

�4�0� �L� �L�E� �,� �|� �L�l� �\� �r�i� �|� �|� 

�0�.�0� �0�.�1� �0�.�2� �0�.�3� �0�.�4� 

�C�o�n�c�e�n�t�r�a�t�i�o�n� �g�/�m�l� 

�F�i�g�u�r�e� �2�.�4� �T�h�e� �c�l�o�u�d� �p�o�i�n�t� �m�e�a�s�u�r�e�m�e�n�t�s� �o�f� �P�E�O�X� �i�n� �t�h�e� �d�i�l�u�t�e� �r�a�n�g�e� �a�t� �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� �i�n� �w�a�t�e�r� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� �T�h�e� �c�l�o�u�d� �p�o�i�n�t�s� �o�f� �P�E�O�X� �a�t� 
�h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�s�,� �s�h�o�w�n� �i�n� �t�h�e� �i�n�s�e�r�t�,� �a�r�e� �f�r�o�m� �r�e�f�e�r�e�n�c�e� �(�9�)�.� 
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�x� �=� �B�y� �+� �B�,�/�T� �(�2�.�1�4�)� 

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

�(�A�s�,�;�*� �<�0�)� �a�n�d� �p�o�s�i�t�i�v�e� �8�,� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �a�n� �e�n�d�o�t�h�e�r�m�i�c� �h�e�a�t� �o�f� �d�i�l�u�t�i�o�n� �(�A�h�,� �>�0�)�,� 

�r�e�s�p�e�c�t�i�v�e�l�y�. ��?� �T�h�e� �c�l�a�s�s�i�c�a�l� �F�H� �t�h�e�o�r�y� �p�r�e�d�i�c�t�s� �t�h�a�t� �b�o�t�h� �@ ��s� �a�r�e� �p�o�s�i�t�i�v�e�.� �E�q�u�a�t�i�o�n� 

�(�2�.�1�4�)� �c�o�r�r�e�c�t�l�y� �p�r�e�d�i�c�t�s� �t�h�a�t� �p�h�a�s�e� �s�e�p�a�r�a�t�i�o�n� �o�c�c�u�r�s� �u�p�o�n� �c�o�o�l�i�n�g� �i�n� �o�r�g�a�n�i�c� �s�o�l�v�e�n�t�s�.� 

�H�o�w�e�v�e�r�,� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �r�e�s�u�l�t�s� �o�f� �W�S�P ��s� �u�s�u�a�l�l�y� �s�h�o�w� �a� �d�i�f�f�e�r�e�n�t� �t�r�e�n�d� �t�h�a�t� �8�,� �i�s� 

�n�e�g�a�t�i�v�e� �i�n�d�i�c�a�t�i�n�g� �a�n� �e�x�o�t�h�e�r�m�i�c� �h�e�a�t� �o�f� �d�i�l�u�t�i�o�n� �(�A�h�,� �<�0�)�.� �F�r�o�m� �E�q�u�a�t�i�o�n� �(�2�.�8�)�,� �i�t� �i�s� 

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

�i�n�c�r�e�a�s�e�s� �l�e�a�d�i�n�g� �t�o� �A�u�,�¥�=�0� �a�t� �t�h�e� �c�l�o�u�d� �p�o�i�n�t�.� �A�s� �a� �c�o�n�s�e�q�u�e�n�c�e�,� �t�h�e� �s�o�l�u�t�i�o�n� �r�e�a�c�h�e�s� 

�t�h�e� �8�-�c�o�n�d�i�t�i�o�n� �(�i�.�e�.�,� �A�,�=�0�)� �u�p�o�n� �h�e�a�t�i�n�g�.� �T�h�i�s� �e�f�f�e�c�t� �i�s� �d�u�e� �t�o� �s�p�e�c�i�f�i�c� �i�n�t�e�r�a�c�t�i�o�n�s�,� �s�u�c�h� 

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

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

�C�O�N�C�L�U�S�I�O�N�S� 

�A� �s�e�r�i�e�s� �o�f� �s�a�m�p�l�e�s� �o�f� �p�o�l�y�(�2�-�e�t�h�y�l� �2�-�o�x�a�z�o�l�i�n�e�)�,� �P�E�O�X�,� �a�n�d� �p�o�l�y�(�2�-�m�e�t�h�y�l� �2�-� 

�o�x�a�z�o�l�i�n�e�)�,� �P�M�O�X�,� �w�e�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �s�t�a�t�i�c� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g�,� �v�i�s�c�o�s�i�t�y�,� �a�n�d� �c�l�o�u�d� 

�p�o�i�n�t� �m�e�a�s�u�r�e�m�e�n�t�s�.� �B�o�t�h� �P�E�O�X� �a�n�d� �P�M�O�X� �d�i�s�p�l�a�y�e�d� �l�o�w�e�r� �c�r�i�t�i�c�a�l� �s�o�l�u�t�i�o�n� 

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

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

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

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

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

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

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

�t�o� �f�o�r�m� �h�y�d�r�o�g�e�n� �b�o�n�d�s� �w�i�t�h� �w�a�t�e�r� �i�n�c�r�e�a�s�e�d�.� �T�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �A�s�®� �a�n�d� �A�h�®� �f�o�r� �P�M�O�X� 

�w�e�r�e� �h�i�g�h�e�r� �t�h�a�n� �t�h�o�s�e� �f�o�r� �P�E�O�X� �i�n� �k�e�e�p�i�n�g� �w�i�t�h� �t�h�e� �v�i�e�w� �t�h�a�t� �P�M�O�X� �w�a�s� �g�e�n�e�r�a�l�l�y� 
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�m�o�r�e� �h�y�d�r�o�p�h�i�l�i�c� �t�h�a�n� �P�E�O�X�.� �T�h�e� �v�a�l�u�e�s� �o�f� �A�,�,� �A�h�®�,� �a�n�d� �A�s�®� �w�i�l�l� �b�e� �u�s�e�d� �i�n� �C�h�a�p�t�e�r� 

�3� �w�h�i�c�h� �i�s� �a� �s�t�u�d�y� �o�f� �t�h�e� �a�d�s�o�r�p�t�i�o�n� �o�f� �P�E�O�X� �o�n� �s�i�l�i�c�a�.� �S�o�m�e� �a�g�g�r�e�g�a�t�i�o�n� �o�f� �P�E�O�X� �i�n� 

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

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

�i�n� �f�u�t�u�r�e� �w�o�r�k�.� �P�E�O�X� �w�a�s� �m�o�r�e� �s�o�l�u�b�l�e� �i�n� �e�t�h�a�n�o�l�,� �i�s�o�p�r�o�p�a�n�o�l�,� �a�n�d� �n�-�b�u�t�a�n�o�l� �t�h�a�n� �i�n� 

�w�a�t�e�r�.� �I�n� �f�u�t�u�r�e� �w�o�r�k�,� �A�h�®� �a�n�d� �A�s�®� �f�o�r� �P�E�O�X� �a�n�d� �P�M�O�X� �w�i�l�l� �b�e� �m�e�a�s�u�r�e�d� �i�n� �v�a�r�i�o�u�s� 

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

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

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

�T�h�e� �K�u�h�n� �l�e�n�g�t�h� �o�f� �P�E�O�X� �i�n� �w�a�t�e�r� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �t�h�e� �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� �a�t� �6�-�t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� �K�u�h�n� �l�e�n�g�t�h� �s�t�a�y�e�d� �i�n� �t�h�e� �r�a�n�g�e� �o�f� �0�.�7�7� �n�m�,� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �l�e�s�s� �t�h�a�n� �t�w�o� �m�o�n�o�m�e�r� �u�n�i�t�s�.� �T�h�i�s� �s�h�o�w�e�d� �t�h�a�t� �P�E�O�X� �w�a�s� �q�u�i�t�e� 

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

�d�e�p�e�n�d�e�n�c�e� �o�f� �t�h�e� �L�C�S�T� �i�n� �t�h�e� �P�E�O�X�/�w�a�t�e�r� �s�y�s�t�e�m�.� �T�h�e� �L�C�S�T� �w�a�s� �c�a�u�s�e�d� �b�y� �s�p�e�c�i�f�i�c� 

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

�a�r�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� �s�t�r�u�c�t�u�r�e� �o�f� �w�a�t�e�r� �m�o�l�e�c�u�l�e� �a�r�o�u�n�d� �t�h�e� �P�E�O�X� �c�h�a�i�n�.� 
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�A�p�p�e�n�d�i�x� �I�.� �E�r�r�o�r� �A�n�a�l�y�s�i�s� �f�o�r� �L�i�g�h�t� �S�c�a�t�t�e�r�i�n�g� 

�(�a�)� �T�h�e� �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� �a�n�d� �s�e�c�o�n�d� �v�i�r�i�a�l� �c�o�e�f�f�i�c�i�e�n�t� �w�e�r�e� �o�b�t�a�i�n�e�d� 
�f�r�o�m� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g� �d�a�t�a� �w�h�i�c�h� �w�e�r�e� �a�n�a�l�y�z�e�d� �u�s�i�n�g� �t�h�e� �l�e�a�s�t�-�s�q�u�a�r�e�s� �f�i�t�t�i�n�g� �m�e�t�h�o�d�.!"� 
�T�h�e� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� �o�f� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �(�o�,�,�y�)� �a�n�d� �s�e�c�o�n�d� �v�i�r�i�a�l� �c�o�e�f�f�i�c�i�e�n�t� �(�0�,�,�)� �a�r�e� 
�c�a�l�c�u�l�a�t�e�d� �a�c�c�o�r�d�i�n�g� �t�o�:� 

�A�s�s�u�m�e� �t�h�a�t� �y�;� �=� �a ��c�;� �+� �b� 

� � �0�3�=� 
�A� 

�=� �M� 
�o�u�,� �~� �M�w� �g� 

�2� �_� �0�?� 
�©� �s�l�o�p�e� �=� �A� 

�_�,�l� 
�S�a�,� �(�5�)� �s�t�o�p�e� 

�w�h�e�r�e� 

� � 

�A� �=� �N�'�E�e�?� �-� �(�B�a�)�,� 
�y�;� �=� �K�-�c�,�/�A�R�,�,� 

�N� �=� �n�u�m�b�e�r� �o�f� �s�a�m�p�l�e�s�.� 

�(�b�)� �T�h�e� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �o�f� �A�h�,!"� �i�s� �c�a�l�c�u�l�a�t�e�d�.� 

�H� �=� �A�h�, ��/�c�?�V�,� �=� �B�, ��T� �-� �B�,� 

�O�y� �=� �T�?� �o�g �� �+� �O�g�) �� �+� �2�T� �o�g�y �� 

�6�0� 

�(�A�l�)� 

�(�A�2�)� 

�(�2�.�7�)� 

�(�A�3�)



�A�p�p�e�n�d�i�x� �I�I�.� �I�n�t�r�i�n�s�i�c� �v�i�s�c�o�s�i�t�y� �[�n�]� �(�c�m�?�/�g�)� �o�f� �P�E�O�X� �a�t� �d�i�f�f�e�r�e�n�t� �t�e�m�p�e�r�a�t�u�r�e� 

� � 
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�P�E�O�X� �M�y� �2�5�°�C� �3�5�°�C� �4�5�°�C� �5�6�°�C� 

�2�0�K� �2�2�.�3� �1�6� �1�4�.�5� �1�3�.�5� �8� 
�3�0�K� �3�3�.�2� �3�1� �2�3� �1�7� �1�3� 
�6�0�K� �6�3�.�5� �3�8� �3�2� �2�8� �1�6� 
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�R�E�F�E�R�E�N�C�E�S� 

�(�1�)� 

�(�2�)� 

�(�3�)� 

�(�4�)� 

�(�5�)� 

�(�6�)� 

�(�7�)� 

�(�8�)� 
�(�9�)� 

�(�1�0�)� 

�(�1�1�)� 
�(�1�2�)� 

�(�1�3�)� 
�(�1�4�)� 
�(�1�5�)� 
�(�1�6�)� 
�(�1�7�)� 
�(�1�8�)� 

�S�c�h�e�u�t�j�e�n�s�,� �J�.� �M�.� �H�.� �M�.�;� �F�l�e�e�r�,� �G�.� �J�.� �J�.� �P�h�y�.� �C�h�e�m�.� �1�9�7�9�,� �8�3�,� �1�6�1�9�;� �1�9�8�0�,� �8�4�,� 

�1�7�8�.� 

�C�o�h�e�n� �S�t�u�a�r�t�,� �M�.�A�.�;� �S�c�h�e�u�t�j�e�n�s�,� �J�.� �M�.� �H�.� �M�.�;� �F�l�e�e�r�,� �G�.�J�.� �J�.� �P�o�l�y�m�.� �S�c�i�.�,� �P�o�l�y�m�.� 

�P�h�y�s�.� �E�d�.� �1�9�8�0�,� �1�8�,� �5�5�9�.� 

�C�o�h�e�n� �S�t�u�a�r�t�,� �M�.� �A�.�;� �F�l�e�e�r�,� �G�.� �J�.�;� �S�c�h�e�u�t�j�e�n�s�,� �J�.� �M�.� �H�.� �M�.� �J�.� �C�o�l�l�.� �a�n�d� �I�n�t�e�r�.� 

�S�c�i�.� �1�9�8�4�,� �9�7�,� �5�1�5�;� �5�2�6�.� 

�P�l�o�e�h�n�,� �H�.�J�.�;� �R�u�s�s�e�l�,� �W�.�B�.� �M�a�c�r�o�m�o�l�.� �1�9�8�9�,� �2�2�,� �2�6�6�.� 

�P�l�o�e�h�n�,� �H�.�J�.�;� �R�u�s�s�e�l�,� �W�.�B� �A�d�v�.� �C�h�e�m�.� �E�n�g�r�.� �1�9�9�0�,� �1�5�,� �1�3�7�.� 

�L�i�u�,� �Q�.�;� �W�i�l�s�o�n�,� �G�.�R�.�;� �D�a�v�i�s�,� �R�.�M�.�;� �R�i�f�f�l�e�,� �J�.�S�.� �P�o�l�y�m�e�r� �1�9�9�3�,� �3�4�,� �3�0�3�0�.� 

�L�i�u�,� �Q�.�;� �K�o�n�a�s�,� �M�.�;� �D�a�v�i�s�,� �R�.�M�.�;� �R�i�f�f�l�e�,� �J�.�S�.�,�,� �J�.� �P�o�l�y�.� �S�c�i�.�,� �P�o�l�y�.� �C�h�e�m�.�,� 

�1�9�9�3�,� �3�1�,� �1�7�0�9�.� 

�C�h�e�n�,� �F�.� �P�.�;� �A�m�e�s�,� �A�.� �E�.�;� �T�a�y�l�o�r�,� �L�.� �D�.� �M�a�c�r�o�m�o�l�.� �1�9�9�0�,� �2�3�,� �4�6�8�8�.� 

�C�h�i�u�,� �T�.� �T�.�;� �T�h�i�l�l�,� �B�.� �P�.�;� �F�a�i�r�c�h�o�k�,� �W�.� �J�.� �i�n�  ��W�a�t�e�r�-�S�o�l�u�b�l�e� �P�o�l�y�m�e�r�s ��,� 

�G�l�a�s�s�,� �J�.�E�.�,� �e�d�.�;� �A�d�v�a�n�c�e�s� �i�n� �C�h�e�m�i�s�t�r�y� �2�1�3�;� �A�m�e�r�i�c�a�n� �C�h�e�m�i�c�a�l� �S�o�c�i�e�t�y�:� 

�W�a�s�h�i�n�g�t�o�n�,� �D�C�,� �1�9�8�6�;� �p�p� �4�2�5�-�4�3�3�.� 

�K�e�s�k�k�u�l�a�,� �H�.�;� �P�a�u�l�,� �D�.� �R�.� �P�r�o�c�.� �D�i�v�.� �P�M�S�E� �A�C�S� �M�e�e�t�i�n�g�,� �S�t�.� �L�o�u�i�s�,� �M�O�,� �1�9�8�4�,� 

�p�.�i�l�.� 

�L�i�c�h�k�u�s�,� �A�.� �M�.�;� �P�a�i�n�t�e�r�,� �P�.� �C�.�;� �C�o�l�e�m�a�n�,� �M�.� �M�.� �M�a�c�r�o�m�o�l�.� �1�9�8�8�,� �2�1�,� �2�6�3�6�.� 

�C�o�w�i�e�,� �J�.�M�.�G�.�  ��P�o�l�y�m�e�r�s�:� �C�h�e�m�i�s�t�r�y� �&� �P�h�y�s�i�c�s� �o�f� �M�o�d�e�r�n� �M�a�t�e�r�i�a�l�s �� �C�h�a�p�m�a�n� 

�&� �H�a�l�l�,� �N�e�w� �Y�o�r�k�,� �1�9�9�1�.� 

�K�a�b�a�y�a�s�h�i�,� �S�.�;� �K�a�k�u�,� �M�.�;� �S�a�w�a�d�a�,� �S�.�;� �S�a�e�g�u�s�a�,� �T�.� �P�o�l�y�m�.� �B�u�l�l�.�,� �1�9�8�5�,� �1�3�,� �4�4�7�.� 

�S�a�e�g�u�s�a�,� �T�.�;� �I�k�e�d�a�,� �H�.�;� �F�u�j�i�i�,� �H�.� �P�o�l�y�m�e�r� �J�.� �1�9�7�3�,� �4�(�1�)�,� �8�7�.� 

�L�i�u�,� �Q�.�;� �K�o�n�a�s�,� �M�.�;� �R�i�f�f�l�e�,� �J�.�S�.� �M�a�c�r�o�m�o�l�.� �1�9�9�3�,� �2�6�,� �5�5�7�2�.� 

�M�i�y�a�m�o�t�o�,� �M�.�;� �S�a�w�a�m�o�t�o�,� �M�.�;� �H�i�g�a�s�h�i�m�u�r�a�,� �T�.� �M�a�c�r�o�m�o�l�.� �1�9�8�4�,� �1�7�,� �2�2�2�8�.� 

�M�i�y�a�m�o�t�o�,� �M�.�;� �S�a�w�a�m�o�t�o�,� �M�.�;� �H�i�g�a�s�h�i�m�u�r�a�,� �T�.� �M�a�c�r�o�m�o�l�.� �1�9�8�5�,� �1�8�,� �1�2�3�.� 

�I�n�s�t�r�u�c�t�i�o�n� �M�a�n�u�a�l� �f�o�r� �L�a�s�e�r� �L�i�g�h�t� �S�c�a�t�t�e�r�i�n�g� �G�o�n�i�o�m�e�t�e�r�,� �B�r�o�o�k�h�a�v�e�n� 
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�(�1�9�)� 
�(�2�0�)� 

�(�2�1�)� 

�(�2�2�)� 

�(�2�3�)� 

�(�2�4�)� 
�(�2�5�)� 

�(�2�6�)� 

�(�2�7�)� 
�(�2�8�)� 

�(�2�9�)� 

�(�3�0�)� 

�(�3�1�)� 

�(�3�2�)� 
�(�3�3�)� 

�I�n�s�t�r�u�m�e�n�t�s� �C�o�.� �H�o�l�t�s�v�i�l�l�e�,� �N�e�w� �Y�o�r�k�,� �1�9�8�7�.� 

�C�h�u�,� �B�.� �i�n� �"�L�a�s�e�r� �L�i�g�h�t� �S�c�a�t�t�e�r�i�n�g �� �A�c�a�d�e�m�i�c� �P�r�e�s�s�,� �N�e�w� �Y�o�r�k�,� �1�9�7�4�.� 

�K�r�a�t�o�h�v�i�l�,� �J�.� �P�.�;� �D�e�z�e�l�i�c�,� �G�.�J�.�;� �K�e�r�k�e�r�,� �M�.�;� �M�a�t�i�j�e�v�i�c�,� �E�.� �J�.� �P�o�l�y�m�.� �S�c�i�.� �1�9�6�2�,� 

�5�7�,� �5�9�.� 

�J�o�h�n�s�o�n�,� �B�.�L�.�;� �S�m�i�t�h�,� �J�.�  ��L�i�g�h�t� �S�c�a�t�t�e�r�i�n�g� �F�r�o�m� �P�o�l�y�m�e�r� �S�o�l�u�t�i�o�n�s ��,� �M�.�B�.� 

�H�u�g�l�i�n�,� �e�d�.�,� �A�c�a�d�e�m�i�c� �P�r�e�s�s�,� �L�o�n�d�o�n�,� �1�9�7�2�,� �p�.�2�7�.� 

�H�i�e�m�e�n�z�,� �P�.� �C�.� �i�n� �P�o�l�y�m�e�r� �C�h�e�m�i�s�t�r�y� �T�h�e� �B�a�s�i�c� �C�o�n�c�e�p�t�s �� �M�a�r�c�e�l� �D�e�k�k�e�r� �I�n�c�.�,� 

�N�e�w� �Y�o�r�k�,� �1�9�8�4�,� �p�.�7�0�9�.� 

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

�F�i�n�c�h�,� �E�d�.�,� �P�l�e�n�u�m� �P�r�e�s�s�,� �N�e�w� �Y�o�r�k�,� �1�9�8�1�.� 

�V�i�n�k�,� �H�.� �E�u�r�o�p�e�a�n� �P�o�l�y�m�e�r� �J�o�u�r�n�a�l�,� �1�9�7�1�,� �7�,� �1�4�1�1�.� 

�E�l�i�a�s�,� �H�.�-�G�.�,�  ��L�i�g�h�t� �S�c�a�t�t�e�r�i�n�g� �f�r�o�m� �P�o�l�y�m�e�r� �S�o�l�u�t�i�o�n�s ��,� �M�.�B�.� �H�u�g�l�i�n�,� �e�d�.�,� 

�A�c�a�d�e�m�i�c� �P�r�e�s�s�,� �L�o�n�d�o�n�,� �1�9�7�2�,� �p�.�3�9�7�.� 

�Y�a�m�a�k�a�w�a�,� �H�.�,�  ��M�o�d�e�r�n� �T�h�e�o�r�y� �o�f� �P�o�l�y�m�e�r� �S�o�l�u�t�i�o�n�s ��,� �H�a�r�p�e�r� �a�n�d� �R�o�w�,� �N�e�w� 

�Y�o�r�k�,� �1�9�7�1�,� �p�.�2�2�1�.� 

�S�c�h�u�l�z�,� �G�.�V�.�,� �C�a�n�t�o�w�,� �H�.�-�J�.� �E�l�e�k�t�r�o�c�h�e�m�.� �Z�.�,� �1�9�5�6�,� �6�0�,� �5�1�7�.� 

�N�a�p�p�e�r�,� �D�.� �H�.�,�  ��P�o�l�y�m�e�r�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�a�d�e�m�i�c� 

�P�r�e�s�s�,� �N�e�w� �Y�o�r�k�,� �1�9�8�3�,� �p�.�4�9�.� 

�v�a�n� �K�r�e�v�e�l�e�n�,� �D�.� �W�.�  ��P�r�o�p�e�r�t�i�e�s� �o�f� �P�o�l�y�m�e�r�s�,� �T�h�e�i�r� �E�s�t�i�m�a�t�i�o�n� �a�n�d� �C�o�r�r�e�l�a�t�i�o�n� 

�w�i�t�h� �C�h�e�m�i�c�a�l� �S�t�r�u�c�t�u�r�e ��,� �E�l�s�e�v�i�e�r� �S�c�i�e�n�t�i�f�i�c� �P�u�b�l�i�s�h�i�n�g� �C�o�.�,� �N�e�w� �Y�o�r�k�,� �1�9�7�6�,� 

�p�.�1�2�9�.� 

�(�a�)� �P�a�t�t�e�r�s�o�n�,� �D�.�,� �D�e�l�a�m�s�,� �G�.� �T�r�a�n�s�.� �F�a�r�a�d�a�y� �S�o�c�.� �6�5�,� �7�0�8� �(�1�9�6�9�)�;� �(�b�)� �P�a�t�t�e�r�s�o�n�,� 

�D�.�,� �D�e�l�a�m�s�,� �G�.� �D�i�s�s�c�u�s�s�i�o�n� �F�a�r�a�d�a�y� �S�o�c�.� �4�9�,� �9�8� �(�1�9�7�0�)�.� 

�F�l�o�r�y�,� �P�.�J�.�,� �O�t�t�e�w�e�l�l�,� �R�.�A�.� �a�n�d� �V�r�i�j�,� �A�.� �J�o�u�r�n�a�l� �o�f� �A�m�e�r�i�c�a�n� �C�h�e�m�i�c�a�l� 

�S�o�c�i�e�t�y�,� �8�6�,� �3�5�0�7�,� �3�5�1�5� �(�1�9�6�4�)�.� 

�S�a�e�k�i�,� �S�.�,� �K�u�w�a�h�a�r�a�,� �N�.�,� �N�a�k�a�t�a�,� �M�.�,� �K�a�n�e�k�o�,� �M�.� �P�o�l�y�m�e�r� �1�7�,� �6�8�5� �(�1�9�7�6�)� 

�K�o�n�i�n�g�s�v�e�l�d�,� �R�.� �S�t�a�v�e�r�m�a�n�,� �A�.�J�.�,� �J�o�u�r�n�a�l� �o�f� �P�o�l�y�m�e�r� �S�c�i�e�n�c�e� �A�-�2�,� �6�,� �3�4�9� 

�(�1�9�6�8�)�.� 
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�(�3�4�)� �B�e�v�i�n�g�t�o�n�,� �R�.� �P�.� �"�D�a�t�a� �R�e�d�u�c�t�i�o�n� �a�n�d� �E�r�r�o�r� �A�n�a�l�y�s�i�s� �f�o�r� �t�h�e� �P�h�y�s�i�c�a�l� �S�c�i�e�n�c�e�s �� 

�M�c�G�r�a�w�-�H�i�l�l� �C�o�.�,� �N�e�w� �Y�o�r�k�,� �p�.�6�0� �(�1�9�6�9�)�.



�C�h�a�p�t�e�r� �3� 

�M�e�a�s�u�r�e�m�e�n�t� �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� �o�f� 

�P�o�l�y�(�2�-�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)� �o�n� �S�i�l�i�c�a� �i�n� �W�a�t�e�r� �a�n�d� 

�E�t�h�a�n�o�l� 

�A�B�S�T�R�A�C�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� �p�a�r�a�m�e�t�e�r�,� �x�,�?�°�,� �w�a�s� �m�e�a�s�u�r�e�d� �f�o�r� �p�o�l�y�(�2�-�e�t�h�y�l�-�2�-� 

�o�x�a�z�o�l�i�n�e�)�,� �P�E�O�X�,� �u�s�i�n�g� �a� �d�e�s�o�r�p�t�i�o�n�/�d�i�s�p�l�a�c�e�m�e�n�t� �t�e�c�h�n�i�q�u�e�.� �P�E�O�X� �w�a�s� �d�e�s�o�r�b�e�d� �f�r�o�m� 

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

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

�d�e�s�o�r�p�t�i�o�n� �w�a�s� �c�o�m�p�l�e�t�e�,� �¢�,�,�.� �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� �f�o�r� �P�E�O�X� �w�a�s� �5�.�1� �k�T� 

�a�n�d� �3�.�2� �k�T� �i�n� �w�a�t�e�r� �a�n�d� �e�t�h�a�n�o�l�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e�s�e� �v�a�l�u�e�s� �a�r�e� �c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� 

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

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

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

�o�f� �m�i�x�i�n�g� �f�o�r� �w�a�t�e�r� �i�n� �P�E�O�X� �s�o�l�u�t�i�o�n�s� �a�s� �w�e�l�l� �a�s� �d�u�e� �t�o� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �h�y�d�r�o�g�e�n� �b�o�n�d� 

�b�r�i�d�g�e�s� �b�e�t�w�e�e�n� �P�E�O�X� �a�n�d� �s�i�l�a�n�o�l� �g�r�o�u�p�s� �i�n� �w�a�t�e�r�.� �T�h�e� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �v�a�l�u�e�s� �o�f� �x�, ��°� �f�o�r� 

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

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

�I�N�T�R�O�D�U�C�T�I�O�N� 

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

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

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

�c�o�l�l�o�i�d� �s�t�a�b�i�l�i�t�y�,� �e�m�u�l�s�i�f�i�c�a�t�i�o�n�,� �w�e�t�t�i�n�g�,� �a�n�d� �t�r�i�b�o�l�o�g�y�.�'�*� �S�t�e�r�i�c� �s�t�a�b�i�l�i�z�a�t�i�o�n� �o�f� 

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

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

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

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

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

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

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

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

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

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

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

�a�d�d�e�d� �s�a�l�t� �a�s� �a�r�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� �s�u�s�p�e�n�s�i�o�n�s�.�*� �M�o�r�e�o�v�e�r�,� �s�t�e�r�i�c� �s�t�a�b�i�l�i�z�a�t�i�o�n� 

�c�a�n� �b�e� �e�q�u�a�l�l�y� �e�f�f�e�c�t�i�v�e� �i�n� �b�o�t�h� �a�q�u�e�o�u�s� �a�n�d� �n�o�n�-�a�q�u�e�o�u�s� �s�o�l�u�t�i�o�n�.�*�*�!�°� 

�T�h�i�s� �w�o�r�k� �c�o�n�c�e�r�n�s� �a� �s�t�u�d�y� �o�f� �t�h�e� �a�d�s�o�r�p�t�i�o�n� �o�f� �t�h�e� �n�o�n�i�o�n�i�c� �p�o�l�y�m�e�r� �p�o�l�y�(�2�-� 

�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)�,� �P�E�O�X�,� �o�n� �s�i�l�i�c�a� �f�r�o�m� �w�a�t�e�r�,� �e�t�h�a�n�o�l�,� �a�n�d� �f�r�o�m� �b�i�n�a�r�y� �m�i�x�t�u�r�e�s�.� �T�h�i�s� 

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

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

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

�d�i�b�l�o�c�k� �s�y�s�t�e�m�s� �-� �p�o�l�y�(�d�i�m�e�t�h�y�]� �s�i�l�o�x�a�n�e�-�2�-�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)�'�*� �a�n�d� �p�o�l�y�(�e�t�h�y�l� �v�i�n�y�l�!� �e�t�h�e�r�-� 

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

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

�T�h�e� �s�o�l�u�t�i�o�n� �p�r�o�p�e�r�t�i�e�s� �o�f� �P�E�O�X� �w�e�r�e� �d�e�s�c�r�i�b�e�d� �i�n� �C�h�a�p�t�e�r� �2�.� �P�E�O�X� 

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

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

�F�l�o�r�y� �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� �p�a�r�a�m�e�t�e�r�,� �x�°�°�,� �i�n� �w�a�t�e�r� �i�n� �t�h�e� �r�a�n�g�e� �0�.�4�8�-�0�.�4�9� �f�o�r� �M�,� 
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�i�n� �t�h�e� �r�a�n�g�e� �2�0�-�6�0� �k�g� �m�o�l�e �� �w�h�i�l�e� �°�°� �i�n� �e�t�h�a�n�o�l� �l�a�y� �i�n� �t�h�e� �r�a�n�g�e� �0�.�3�2�-�0�.�3�5�.� �A� �p�r�e�v�i�o�u�s� 

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

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

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

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

�m�a�k�e� �P�E�O�X� �p�a�r�t�i�c�u�l�a�r�l�y� �a�t�t�r�a�c�t�i�v�e� �s�i�n�c�e� �i�t� �i�s� �d�e�s�i�r�a�b�l�e� �t�o� �u�s�e� �c�o�p�o�l�y�m�e�r� �s�t�a�b�i�l�i�z�e�r�s� �i�n� 

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

�a�n�d� �h�i�n�d�e�r� �s�t�a�b�i�l�i�z�a�t�i�o�n�.�*�°� �A�t� �p�r�e�s�e�n�t�,� �t�h�e�r�e� �i�s� �n�o� �b�l�o�c�k� �c�o�p�o�l�y�m�e�r� �a�v�a�i�l�a�b�l�e� �i�n� �n�a�r�r�o�w� 

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

�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�,�°�°� �a�n�d� �t�h�e� �x ��°� �p�a�r�a�m�e�t�e�r� �d�e�s�c�r�i�b�e� 

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

�d�e�v�e�l�o�p�e�d� �b�y� �S�c�h�e�u�t�j�e�n�s� �a�n�d� �F�l�e�e�r�.�' ��!�*�°� �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�,� �x�,�?�°� �k�T�,� �i�s� 

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

�t�h�e�r�e�b�y� �b�r�e�a�k�i�n�g� �c�o�n�t�a�c�t�s� �w�i�t�h� �s�o�l�v�e�n�t� �m�o�l�e�c�u�l�e�s� �a�n�d� �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�.�! �� �I�n� �t�h�i�s� �p�a�p�e�r�,� �w�e� �r�e�p�o�r�t� �f�o�r� �t�h�e� �f�i�r�s�t� �t�i�m�e� �v�a�l�u�e�s� �o�f� �x�,�?�°� �f�o�r� �P�E�O�X� �o�n� �s�i�l�i�c�a� 

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

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

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

�p�r�e�f�e�r�e�n�t�i�a�l�l�y� �f�r�o�m� �t�h�e� �s�o�l�v�e�n�t�.� �T�h�e� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �v�a�l�u�e�s� �o�f� �x�,�?�°� �f�o�r� �P�E�O�X� �i�n� �w�a�t�e�r� �a�n�d� 

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

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

�p�o�s�s�e�s�s� �h�y�d�r�o�g�e�n� �b�o�n�d�i�n�g� �g�r�o�u�p�s�.� 

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

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

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

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

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

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

�t�a�i�l�s�.�2�°� �F�o�r� �x�,�°�°�>�2�,� �I� �a�n�d� �t�h�e� �t�r�a�i�n� �f�r�a�c�t�i�o�n� �b�e�c�o�m�e� �e�s�s�e�n�t�i�a�l�l�y� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �x�,�?�°�. ��!� 

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

�a�r�e� �m�i�c�r�o�c�a�l�o�r�i�m�e�t�r�y �!"� �a�n�d� �d�e�s�o�r�p�t�i�o�n� �b�y� �d�i�s�p�l�a�c�e�r�s�. ��°�*� �M�i�c�r�o�c�a�l�o�r�i�m�e�t�r�y� �i�s� �s�u�i�t�a�b�l�e� 

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

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

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

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

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

�C�o�h�e�n� �S�t�u�a�r�t� �e�t� �a�l�. ��>� �u�s�e�d� �m�i�c�r�o�c�a�l�o�r�i�m�e�t�r�y� �t�o� �m�e�a�s�u�r�e� �x�,�?�°� �f�o�r� �t�h�e� �a�d�s�o�r�p�t�i�o�n� �o�f� 

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

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

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

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

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

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

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

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

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

�d�i�s�p�l�a�c�e�r�s� �w�i�t�h� �v�a�r�i�o�u�s� �s�t�r�e�n�g�t�h�s� �p�e�r�m�i�t�s� �a� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �x�,�"�°�.�2�°!"� �I�n� �a�d�d�i�t�i�o�n� �t�o� �t�h�e� 

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

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

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

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

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

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

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

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

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

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

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

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

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

�o�r�g�a�n�i�c� �s�o�l�v�e�n�t�s�.�*�*�3�!�°� �A� �s�e�r�i�e�s� �o�f� �p�a�p�e�r�s� �b�y� �C�o�h�e�n� �S�t�u�a�r�t� �e�t� �a�l�.� �o�n� �t�h�e� �a�d�s�o�r�p�t�i�o�n� �o�f� 

�p�o�l�y�(�v�i�n�y�l�p�y�r�r�o�l�i�d�o�n�e�)�,� �P�V�P�,� �f�r�o�m� �w�a�t�e�r� �a�n�d� �d�i�o�x�a�n�e� �i�s� �t�h�e� �o�n�l�y� �s�t�u�d�y� �t�o� �d�a�t�e� �o�n� �a� �w�a�t�e�r� 

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

�P�E�O�X� �a�d�s�o�r�p�t�i�o�n� �g�i�v�e�n� �t�h�e� �s�i�m�i�l�a�r�i�t�i�e�s� �o�f� �P�E�O�X� �a�n�d� �P�V�P�,� �i�.�e�.� �b�o�t�h� �h�a�v�e� �a�n� �a�m�i�d�e� 

�g�r�o�u�p� �w�i�t�h� �s�i�m�i�l�a�r� �p�o�l�a�r�i�t�y� �a�n�d� �t�h�e� �s�o�l�u�t�i�o�n� �p�r�o�p�e�r�t�i�e�s� �i�n� �w�a�t�e�r� �a�r�e� �s�i�m�i�l�a�r� �-� �y�?�®�°�%�.�*� �=� 

�0�.�4�8�-�0�.�4�9� �w�h�i�l�e� �x�?�¥�? �� �=� �0�.�4�7�.� �I�t� �w�a�s� �s�h�o�w�n� �t�h�a�t� �P�V�P� �a�d�s�o�r�b�e�d� �o�n� �s�i�l�i�c�a� �p�r�i�n�c�i�p�a�l�l�y� 

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

�s�u�r�f�a�c�e�. ��"�°�2�,� �L�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �o�r�g�a�n�i�c� �d�i�s�p�l�a�c�e�r�s� �w�e�r�e� �u�s�e�d� �t�o� �d�e�s�o�r�b� 

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

�o�f� �x�,�?�?�,� �~� �4�.�0� �i�n� �b�o�t�h� �w�a�t�e�r� �a�n�d� �d�i�o�x�a�n�e�,� �c�o�r�r�e�l�a�t�e�d� �w�e�l�l� �w�i�t�h� �t�h�e� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �f�r�a�c�t�i�o�n� 

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

�R�e�s�u�l�t�s� �a�n�d� �D�i�s�c�u�s�s�i�o�n� �s�e�c�t�i�o�n� �t�o� �t�h�e� �v�a�l�u�e�s� �o�f� �x�, ��°� �f�o�r� �P�E�O�X� �m�e�a�s�u�r�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� 

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

�i�n�c�l�u�d�i�n�g� �F�T�I�R�,� �t�h�i�n�-�l�a�y�e�r� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�,� �m�i�c�r�o�c�a�l�o�r�i�m�e�t�r�y�,� �a�n�d� �d�i�s�p�l�a�c�e�m�e�n�t� 

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

�g�r�o�u�p�s� �a�d�s�o�r�b�i�n�g� �o�n�t�o� �v�a�r�i�o�u�s� �m�e�t�a�l� �o�x�i�d�e�s� �f�r�o�m� �v�a�r�i�o�u�s� �o�r�g�a�n�i�c� �s�o�l�v�e�n�t�s�.� �V�a�l�u�e�s� �o�f� �x�,�?�°� 

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

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

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

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

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

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

�o�f� �r�e�s�u�l�t�s�.� 

�T�H�E�O�R�E�T�I�C�A�L� �B�A�C�K�G�R�O�U�N�D� 

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

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

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

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

�o�f� �c�o�m�p�l�e�t�e� �d�e�s�o�r�p�t�i�o�n�,� �i�.�e�.� �6�=�¢�,�,�,� �d�i�f�f�e�r�s� �f�r�o�m� �t�h�e� �b�u�l�k� �s�o�l�u�t�i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�n�l�y� �i�n� 

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

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

�i�n� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �s�o�l�v�e�n�t� �(�0�)� �(�a�s� �d�e�p�i�c�t�e�d� �i�n� �F�i�g�u�r�e� �3�.�1�)�,� �a�n�d� �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�,�"� �o�f� �t�h�e� �p�o�l�y�m�e�r� �a�d�s�o�r�b�i�n�g� �f�r�o�m� �t�h�e� �p�u�r�e� �d�i�s�p�l�a�c�e�r� �(�d�)� �(�F�i�g�u�r�e� �3�.�2�)�,� 

�x�P� �=� �x�P�?� �+� �x�,�®�.� �(�3�.�1�)� 

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

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

�x�P� �=� �I�n�d�,�,� �+� �X�s� �7� �d�i�x�?� �+� �(�1�-�4�,�,�)�(�1�-�A�)� �A�x �� �(�3�.�2�)� 

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

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

�0�.�2�5� �f�o�r� �a� �h�e�x�a�g�o�n�a�l� �l�a�t�t�i�c�e�)�,� �a�n�d� �A�y�®� �i�s� �t�h�e� �s�o�l�v�e�n�c�y� �p�a�r�a�m�e�t�e�r�,� �d�e�f�i�n�e�d� �a�s� 
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� � 

�p�o� �p�d� �d�o� 

�X�X�,� �=�~�X�s�t�X�s� 

�(� �C�o�h�e�n�-�S�t�u�a�r�t� �e�t� �a�l�.� �J�C�I�S�(�1�9�8�4�)�)� � � � � � � 
�D�i�s�p�l�a�c�e�r�s� �A�d�s�o�r�p�t�i�o�n� �I�s�o�t�h�e�r�m�s� 

�d�o� 

�X� 

�e�o�.� 

�S�J� �N�S� 
�S�o�l�v�e�n�t� �(� 

� � 

� � � 

� � 

�F�i�g�u�r�e� �3�.�1� �A� �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� �o�r�g�a�n�i�c� �c�o�m�p�o�u�n�d�s� �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� �a� �s�u�b�s�t�r�a�t�e� �s�u�r�f�a�c�e�.� �T�h�e� �p�l�o�t� �i�s� �n�o�t� �d�r�a�w�n� �t�o� �s�c�a�l�e�.� 
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�P�o�l�y�m�e�r� �D�e�s�o�r�p�t�i�o�n� �I�s�o�t�h�e�r�m�s� 

� � 

�D�i�s�p�l�a�c�e�r�s� � � � � � 

� � � � � � 

�S�o�l�v�e�n�t� 

�P�o�l�y�m�e�r� �C�h�a�i�n� 

� � 

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



�A�x�®� �=� �x�t� �+� �x�-� �x�P�?� �(�3�.�3�)� 

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

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

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

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

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

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

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

�i�n�i�t�i�a�l� �s�l�o�p�e� �i�s� �d�e�f�i�n�e�d� �a�s� 

�S� �=� �l�i�m�@�/�o�)� �(�3�.�4�)� 
�4�/�-�0� 

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

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

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �d�i�s�p�l�a�c�e�r�,� �$�,�°�,� �i�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �b�u�l�k� �c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �d�i�s�p�l�a�c�e�r�,� �¢�.�°�,� �i�n� 

�t�h�e� �l�i�m�i�t� �¢�.�*�-�0� �b�y�,� 

�l�i�m� �(�7�/�6� �D�=�e�x�p�(�x� �2� �+�4�,�4�)� �(�3�.�5�a�)� 
�o�/�-�0� 

�C�o�m�b�i�n�i�n�g� �e�q�u�a�t�i�o�n�s� �(�3�.�3�)� �a�n�d� �(�3�.�4�)�,� �C�o�h�e�n� �S�t�u�a�r�t� �e�t� �a�l�.� �s�h�o�w�e�d� �t�h�a�t� �S� �i�s� �r�e�l�a�t�e�d� �t�o�a� 

�d�i�m�e�n�s�i�o�n�l�e�s�s� �s�l�o�p�e� �s� �b�y� 

�S� �=� �e�x�p�(�x�, �� �+� �A�x ��)� �(�3�.�5�b�)� 

�=� �P�i�c�a� �'�(�V�q�/�V�,�)�S� �(�3�.�5�c�)� 

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

�e�q�u�a�t�i�o�n�s� �(�3�.�2�)� �a�n�d� �(�3�.�5�)� �i�n�t�o� �e�q�u�a�t�i�o�n� �(�3�.�1�)� �r�e�s�u�l�t�s� �i�n� �a�n� �e�q�u�a�t�i�o�n� �r�e�l�a�t�i�n�g� �x�,�"�°� �t�o� �¢�,�,�:� 

�X�P�?� �=� �I�n�d� �t� �I�n�s� �+� �X�q�_�-� �M�i�x�?�?� �+� �[�(�1�-�b�e�p�)�(�1�-�A�y�)�-�A� �A�X ��.� �(�3�.�6�)� 

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

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

�t�h�e� �p�o�l�y�m�e�r� �r�e�p�e�a�t� �u�n�i�t�.� �I�n� �t�h�i�s� �c�a�s�e�,� �x�?� �=� �0� �a�n�d� �x ��?� �=� �x�®� �s�o� �t�h�a�t� �A�x �� �=� �0� �f�r�o�m� 

�e�q�u�a�t�i�o�n� �(�3�.�3�)�.� �I�n� �a�d�d�i�t�i�o�n�,� �x�,�"�'� �=� �0� �s�i�n�c�e� �t�h�e� �c�o�n�t�a�c�t� �f�r�e�e� �e�n�e�r�g�y� �o�f� �a�d�s�o�r�p�t�i�o�n� �o�n� �t�h�e� 

�s�u�r�f�a�c�e� �f�o�r� �b�o�t�h� �i�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �t�h�e� �s�a�m�e�.� �E�q�u�a�t�i�o�n� �(�3�.�2�)� �t�h�e�n� �r�e�d�u�c�e�s� �t�o� 

�X�s� �=� �-�1�N�(� �1�)� �a�n�a�l�o�g�:� �(�3� �7�)� 

�I�f� �t�h�e�r�e� �i�s� �s�o�m�e� �s�o�l�v�e�n�c�y� �e�f�f�e�c�t� �w�i�t�h� �t�h�e� �d�i�s�p�l�a�c�e�r�,� �i�.�e�.� �i�f� �x�?�4� �i�s� �n�o�t� �q�u�i�t�e� �z�e�r�o�,� 

�t�h�e�n� �e�q�u�a�t�i�o�n� �(�3�.�7�)� �i�s� �s�t�i�l�l� �a� �g�o�o�d� �a�p�p�r�o�x�i�m�a�t�i�o�n� �o�f� �e�q�u�a�t�i�o�n� �(�3�.�2�)� �f�o�r� �r�e�l�a�t�i�v�e�l�y� �l�a�r�g�e� 

�v�a�l�u�e�s� �O�f� �(�P�.�,�)�a�n�s�i�o�g�-� �L�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �v�a�l�u�e�s� �o�f� �x�,�,� �f�r�o�m� �e�q�u�a�t�i�o�n� �(�3�.�7�)� �c�a�n� �b�e� �c�o�m�p�a�r�e�d� 

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

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

�X�s� �=� �-�I�n� �(�1�-�A�)�)�.� �(�3�.�8�)� 

�V�a�l�u�e�s� �o�f� �x�,�,� �f�r�o�m� �e�q�u�a�t�i�o�n�s� �(�3�.�7�)� �a�n�d� �(�3�.�8�)� �w�i�l�l� �b�e� �c�o�m�p�a�r�e�d� �i�n� �a� �l�a�t�e�r� �s�e�c�t�i�o�n�.� 

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

�v�a�l�u�e�s� �o�f� �¢�,�,�,� �8�,� �a�n�d� �x ��°� �w�h�i�c�h� �c�a�n� �b�e� �m�e�a�s�u�r�e�d� �d�i�r�e�c�t�l�y�.� �V�a�l�u�e�s� �o�f� �A�y�®� �c�a�n� �b�e� �o�b�t�a�i�n�e�d� 

�b�y� �e�v�a�l�u�a�t�i�n�g� �e�q�u�a�t�i�o�n� �(�3�.�2�)� �f�o�r� �p�o�l�y�m�e�r� �d�i�s�p�l�a�c�e�m�e�n�t� �e�x�p�e�r�i�m�e�n�t�s� �f�o�r� �a� �g�i�v�e�n� �d�i�s�p�l�a�c�e�r� 

�"�d�"� �c�a�r�r�i�e�d� �o�u�t� �f�r�o�m� �t�h�e� �s�o�l�v�e�n�t�s� �w�a�t�e�r� �(�w�)� �a�n�d� �e�t�h�a�n�o�l� �(�E�t�O�H�)�.� �S�u�b�t�r�a�c�t�i�n�g� �t�h�e� �t�w�o� 

�r�e�s�u�l�t�i�n�g� �e�q�u�a�t�i�o�n�s� �g�i�v�e�s� 
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�I�N�(� �p�e�g�"� �b�e�g� �O�N�)� �+�0�.� �7�5�(�1�-� �b�o�p� �*�A�X�E!"� �~� �0�.�7�5�(�1�-� �b�e� �M�A�X�O�N� �=�0�.� �(�3�.�9�)� 

�I�n� �a� �s�i�m�i�l�a�r� �f�a�s�h�i�o�n�,� �e�q�u�a�t�i�o�n� �(�3�.�6�)� �c�a�n� �b�e� �e�v�a�l�u�a�t�e�d� �f�o�r� �a� �c�o�m�m�o�n� �s�o�l�v�e�n�t� �"�o�"� �w�i�t�h� �t�w�o� 

�d�i�s�p�l�a�c�e�r�s� �d�1� �a�n�d� �d�2�:� 

�I�n�(�,�,�3�1�°�/�b�.�,� �4�°�)� �+�1�n�(�s�*�9�/�s!"�°�)� �+� �(�0�.�5�-�0�.�7�5�6�,�,�2� �A�x�a�?� 

�-� �(�0�.�5�-�0�.�7�5�4�6�,�.�?� �A�x�?� �°�=�0�.� �(�3�.�1�0�)� 

�F�o�r� �a� �g�i�v�e�n� �p�a�i�r� �o�f� �d�i�s�p�l�a�c�e�r�s� �d�l� �a�n�d� �d�2� �a�n�d� �f�o�r� �t�h�e� �t�w�o� �s�o�l�v�e�n�t�s� �w�a�t�e�r� �a�n�d� �e�t�h�a�n�o�l�,� 

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

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

�a�s� �d�i�s�c�u�s�s�e�d� �b�e�l�o�w�.� 

�E�X�P�E�R�I�M�E�N�T�A�L� 

�M�a�t�e�r�i�a�l�s�.� �S�a�m�p�l�e�s� �o�f� �p�o�l�y�(�2�-�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)�,� �P�E�O�X�,� �w�e�r�e� �s�y�n�t�h�e�s�i�z�e�d� �b�y� 

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

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

�3�.�1�,� �w�e�r�e� �m�e�a�s�u�r�e�d� �b�y� �s�t�a�t�i�c� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g� �a�n�d� �w�e�r�e� �r�e�p�o�r�t�e�d� �i�n� �C�h�a�p�t�e�r� �2�.� �V�a�l�u�e�s� �o�f� 

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

�t�h�a�n� �1�.�3� �f�o�r� �M�,�<�4�0� �k�g� �m�o�l�e�'�.�*�?� �C�a�b�-�O�-�S�i�l� �E�H�-�5� �s�i�l�i�c�a�,� �m�a�n�u�f�a�c�t�u�r�e�d� �b�y� �G�.� �L�.� �C�a�b�o�t� 

�I�n�c�.�,� �w�a�s� �u�s�e�d� �f�o�r� �t�h�e� �a�d�s�o�r�p�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s�.� �T�h�e� �s�u�r�f�a�c�e� �a�r�e�a� �i�s� �3�8�0�+�3�0� �m�?�/�g�.�*� �T�h�e� 

�s�i�l�i�c�a� �p�o�w�d�e�r� �w�a�s� �d�r�i�e�d� �b�y� �h�e�a�t�i�n�g� �a�t� �1�0�0�°�C�-�1�1�5�°�C� �f�o�r� �4� �h�o�u�r�s� �a�n�d� �t�h�e�n� �s�t�o�r�e�d� �i�n� �a� 

�d�e�s�i�c�c�a�t�o�r� �p�r�i�o�r� �t�o� �u�s�e�.�* �� �P�y�r�i�d�i�n�e� �(�P�Y�R�)�,� �N�-�e�t�h�y�l� �a�c�e�t�a�m�i�d�e� �(�N�E�T�)�,� �d�i�m�e�t�h�y�l� �s�u�l�f�o�x�i�d�e� 

�(�D�M�S�O�)�,� �a�n�d� �f�u�r�f�u�r�y�l� �a�l�c�o�h�o�l� �(�F�U�R�)� �w�e�r�e� �s�e�l�e�c�t�e�d� �a�s� �t�h�e� �d�i�s�p�l�a�c�e�r�s� �b�e�c�a�u�s�e� �o�f� �t�h�e�i�r� 

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

�3�.�2�.� �T�h�e�s�e� �d�i�s�p�l�a�c�e�r�s� �w�e�r�e� �e�x�p�e�c�t�e�d� �t�o� �i�n�t�e�r�a�c�t� �s�t�r�o�n�g�l�y� �w�i�t�h� �t�h�e� �a�c�i�d�i�c� �s�i�l�a�n�o�l� �(�S�i�-�O�H�)� 

�g�r�o�u�p�s� �o�n� �t�h�e� �s�i�l�i�c�a� �s�u�r�f�a�c�e�.� �T�h�e� �d�i�s�p�l�a�c�e�r� �c�h�o�s�e�n� �a�s� �a� �l�o�w� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �a�n�a�l�o�g� �f�o�r� 
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�P�E�O�X� �w�a�s� �N�,�N�-�d�i�m�e�t�h�y�l�p�r�o�p�i�o�n�a�c�e�t�a�m�i�d�e�,� �D�M�P�,� �w�h�i�c�h� �i�s� �a� �p�r�e�c�i�s�e� �a�n�a�l�o�g� �o�f� �P�E�O�X�.� 

�D�M�P� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �A�l�d�r�i�c�h� �w�i�t�h� �a� �s�t�a�t�e�d� �p�u�r�i�t�y� �h�i�g�h�e�r� �t�h�a�n� �9�9�.�7�%�.� �A�l�l� �o�t�h�e�r� 

�d�i�s�p�l�a�c�e�r�s� �(�H�P�L�C� �g�r�a�d�e�)� �w�e�r�e� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �A�l�d�r�i�c�h� �C�h�e�m�i�c�a�l� �C�o�.� �a�n�d� �u�s�e�d� �a�s� 

�r�e�c�e�i�v�e�d�.� �D�e�i�o�n�i�z�e�d� �w�a�t�e�r� �a�n�d� �e�t�h�y�l� �a�l�c�o�h�o�l� �(�A�a�p�e�r� �C�o�.�,� �2�0�0� �P�r�o�o�f�)� �w�e�r�e� �u�s�e�d� �a�s� �t�h�e� 

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

�m�o�i�s�t�u�r�e�.� �T�h�e� �d�e�i�o�n�i�z�e�d� �w�a�t�e�r� �h�a�d� �a� �r�e�s�i�s�t�i�v�i�t�y� �o�f� �1�7�x�1�0�°� �o�h�m�-�c�m� �a�n�d� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� 

�a� �B�a�r�n�s�t�e�a�d� �N�A�N�O�P�U�R�E� �I�I!"� �w�a�t�e�r� �p�u�r�i�f�i�c�a�t�i�o�n� �s�y�s�t�e�m�.� 

�T�A�B�L�E� �3�.�1� �M�o�l�e�c�u�l�a�r� �W�e�i�g�h�t� �C�h�a�r�a�c�t�e�r�i�z�a�t�i�o�n� �D�a�t�a� �f�o�r� �P�o�l�y�(�2�-�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�s�)� 
� � 

�S�a�m�p�l�e� �M�,�, �� 

� � 

�k�g� �m�o�l�e �� 

�P�E�O�X� �2�0�K� �2�3�.�1� 
�P�E�O�X� �3�0�K� �3�3�.�3� 
�P�E�O�X� �6�0�K� �6�5�.�4� 

� � 

 ��M�e�a�s�u�r�e�d� �b�y� �s�t�a�t�i�c� �l�i�g�h�t� �s�c�a�t�t�e�r�i�n�g� �i�n� �w�a�t�e�r� �a�t� �2�5�°�C�;� �M�,�/�M�,� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�.�1�9�-� 
�1�.�5�4� �a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �g�e�l� �p�e�r�m�e�a�t�i�o�n� �c�h�r�o�m�a�t�o�g�r�a�p�h�y�,� �r�e�f�e�r�e�n�c�e� �(�1�3�)�.� 

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

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

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

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

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

�r�o�t�a�t�e�d� �e�n�d�-�o�v�e�r�-�e�n�d� �f�o�r� �2�4� �h�o�u�r�s� �a�t� �~� �2�5�°�C�.� �T�h�e� �s�u�s�p�e�n�s�i�o�n�s� �w�e�r�e� �t�h�e�n� �c�e�n�t�r�i�f�u�g�e�d� �a�t� 

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

�w�h�e�r�e� �t�h�e� �U�V� �a�b�s�o�r�b�a�n�c�e� �w�a�s� �m�e�a�s�u�r�e�d� �w�i�t�h� �a� �H�i�t�a�c�h�i� �U�-�2�0�0�0� �U�V�/�v�i�s� 

�s�p�e�c�t�r�o�p�h�o�t�o�m�e�t�e�r� �a�t� �a� �l�o�w� �w�a�v�e�l�e�n�g�t�h� �i�n� �t�h�e� �r�a�n�g�e� �o�f� �2�2�0�-�2�5�0� �n�m�,� �a�c�c�o�r�d�i�n�g� �t�o� 

�d�i�f�f�e�r�e�n�t� �d�i�s�p�l�a�c�e�r�s�,� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �u�n�a�d�s�o�r�b�e�d� �d�i�s�p�l�a�c�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s�.� �T�h�e� �a�m�o�u�n�t� 
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�T�a�b�l�e� �3�.�2�.� �S�t�r�u�c�t�u�r�e� �a�n�d� �M�o�l�e�c�u�l�a�r� �V�o�l�u�m�e�s� �o�f� �S�o�l�v�e�n�t�s� �a�n�d� �D�i�s�p�l�a�c�e�r�s� 
� � 

�M�o�l�e�c�u�l�a�r� �V�o�l�u�m�e� 

� � 

�N�a�m�e� �F�o�r�m�u�l�a� �A�b�b�r�e�v�i�a�t�i�o�n� �(�n�m�?� �)� 

�D�i�m�e�t�h�y�l� �S�u�l�f�o�x�i�d�e� �C�H�3�  �� �5�  �� �C�H�,� �D�M�S�O� �0�.�1�1�8� 
�O� 

�P�Y�R� �0�.�1�3�5� 
�P�y�r�i�d�i�n�e� �C� �O�N� 

�i� �C�H�3�-� �C�H�) ��N� 
�N�E�T� �0�.�1�5�7� 

�N�-�E�t�h�y�l� �A�c�e�t�a�m�i�d�e�  �� �=�O� 

�C�H�,� 

�O�N� �C�H�,� �0�H� �F�U�R� �0�.�1�4�4� 
�F�u�r�f�u�r�y�!� �A�l�c�o�h�o�l� �|� �|� 

�C�H�3�  ��N�~� �C�H�,� 
�|� �D�M�P� �0�.�1�8�3� 

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

�C�2�H�s� 

�E�t�h�a�n�o�l� �C�H�3�-� �C�H�,� �~� �O�H� �E�t�O�H� �0�.�0�9�7� 

�H� �H� 
�W�a�t�e�r� �N�o� �/� �w� �0�.�0�3�0� 

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

�c�h�a�n�g�e�.� �T�h�e� �m�e�a�s�u�r�e�m�e�n�t� �p�r�e�c�i�s�i�o�n� �w�a�s� �+�2�%�.� 

�A�d�s�o�r�p�t�i�o�n� �I�s�o�t�h�e�r�m�s� �o�f� �P�E�O�X�.� �A�d�s�o�r�p�t�i�o�n� �i�s�o�t�h�e�r�m�s� �o�f� �P�E�O�X� �o�n� �s�i�l�i�c�a� �f�r�o�m� 

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

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

�m�e�a�s�u�r�e�d� �a�t� �a� �w�a�v�e�l�e�n�g�t�h� �o�f� �2�3�8� �n�m�.� �A�l�l� �e�x�p�e�r�i�m�e�n�t�s� �w�e�r�e� �c�a�r�r�i�e�d� �o�u�t� �a�t� �~� �2�5�°�C�.� �T�h�e� 

�m�e�a�s�u�r�e�m�e�n�t� �p�r�e�c�i�s�i�o�n� �w�a�s� �+�2�%�.� 

�D�i�s�p�l�a�c�e�m�e�n�t� �i�s�o�t�h�e�r�m�s�.� �D�i�s�p�l�a�c�e�m�e�n�t� �i�s�o�t�h�e�r�m�s� �w�e�r�e� �m�e�a�s�u�r�e�d� �f�o�r� �t�h�e� �P�E�O�X� 

�3�0�K� �(�d�e�g�r�e�e� �o�f� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �D�P� �=� �3�3�0�)� �s�a�m�p�l�e� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �c�r�i�t�i�c�a�l� �d�i�s�p�l�a�c�e�r� 

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

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

�w�a�s� �e�s�s�e�n�t�i�a�l�l�y� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �t�h�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �o�f� �t�h�e� �p�o�l�y�m�e�r� �f�o�r� �D�P� �>� �1�0�0�.�'�*� �T�h�e� 

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

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

�P�E�O�X� �3�0�K� �d�i�s�s�o�l�v�e�d� �i�n� �m�i�x�t�u�r�e�s� �o�f� �a� �g�i�v�e�n� �s�o�l�v�e�n�t� �a�n�d� �d�i�s�p�l�a�c�e�r� �a�t� �v�a�r�i�o�u�s� 

�c�o�n�c�e�n�t�r�a�t�i�o�n�s� �o�f� �d�i�s�p�l�a�c�e�r�.� �T�h�e� �a�d�d�e�d� �P�E�O�X� �c�o�n�c�e�n�t�r�a�t�i�o�n� �w�a�s� �c�o�n�t�r�o�l�l�e�d� �a�t� �1�.�6� �g�/�l�,� 

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

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

�w�i�t�h�d�r�a�w�n�.� �S�i�n�c�e� �t�h�e� �d�i�s�p�l�a�c�e�r�s� �a�n�d� �P�E�O�X� �a�b�s�o�r�b�e�d� �a�t� �s�i�m�i�l�a�r� �w�a�v�e�l�e�n�g�t�h�s�,� �t�h�e� �r�e�s�i�d�u�a�l� 

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

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �P�E�O�X�.� �T�h�e� �s�o�l�v�e�n�t�s� �a�n�d� �d�i�s�p�l�a�c�e�r�s� �w�e�r�e� �f�i�r�s�t� �v�a�p�o�r�i�z�e�d� �b�y� �h�e�a�t�i�n�g� �a�t� 

�1�0�0�°�C� �i�n� �a�i�r� �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� �1�0�0�°�C� �f�o�r� �2�4� �h�o�u�r�s�.� �D�e�i�o�n�i�z�e�d� 

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

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

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

�t�o� �p�r�o�v�i�d�e� �a�n� �i�n�d�e�p�e�n�d�e�n�t� �m�e�a�s�u�r�e�m�e�n�t� �o�f� �¢�,�,� �f�o�r� �p�y�r�i�d�i�n�e� �i�n� �w�a�t�e�r�.� �T�L�C� �h�a�s� �b�e�e�n� 

�s�h�o�w�n� �t�o� �b�e� �a� �v�e�r�y� �s�e�n�s�i�t�i�v�e� �m�e�t�h�o�d� �f�o�r� �d�e�t�e�r�m�i�n�i�n�g� �¢�,�,�.�2�°� �W�h�a�t�m�a�n� �K�S�F� �s�i�l�i�c�a� �g�e�l� �T�L�C� 

�p�l�a�t�e�s�,� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �A�l�l�t�e�c�h� �A�s�s�o�c�i�a�t�e�s� �I�n�c�.� �(�D�e�e�r�f�i�e�l�d�,� �I�L�)�,� �w�i�t�h� �a� �s�i�l�i�c�a� �l�a�y�e�r� �o�f� �0�.�2�5� 

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

�a�i�r� �a�t� �1�2�0�°�C� �f�o�r� �1�2� �h�o�u�r�s� �p�r�i�o�r� �t�o� �u�s�e�.� �S�p�o�t�s� �o�f� �P�E�O�X� �w�e�r�e� �d�e�p�o�s�i�t�e�d� �a�l�o�n�g� �a� �s�t�a�r�t� �l�i�n�e� 

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

�o�f� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �c�o�m�p�o�s�i�t�i�o�n� �i�n� �a� �c�l�o�s�e�d� �g�l�a�s�s� �d�e�v�e�l�o�p�m�e�n�t� �t�a�n�k� �f�o�r� �4�5� �m�i�n�u�t�e�s� �i�n� �o�r�d�e�r� 

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

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

�e�l�u�e�n�t�.� �A�f�t�e�r� �e�l�u�t�i�o�n� �t�h�e� �p�l�a�t�e�s� �w�e�r�e� �d�r�i�e�d�,� �t�h�e�n� �s�p�r�a�y�e�d� �w�i�t�h� �a� �2�%� �i�o�d�i�n�e� �a�q�u�e�o�u�s� 

�s�o�l�u�t�i�o�n� �a�n�d� �d�r�i�e�d� �a�g�a�i�n�.� �A� �d�a�r�k� �s�p�o�t� �w�o�u�l�d� �a�p�p�e�a�r� �i�n�d�i�c�a�t�i�n�g� �t�h�e� �p�o�s�i�t�i�o�n� �o�f� �P�E�O�X� �o�n� 

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

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

�R�E�S�U�L�T�S� �A�N�D� �D�I�S�C�U�S�S�I�O�N� 

�D�i�s�p�l�a�c�e�r� �I�s�o�t�h�e�r�m�.� �T�h�e� �d�i�s�p�l�a�c�e�r� �a�d�s�o�r�p�t�i�o�n� �i�s�o�t�h�e�r�m�s� �i�n� �w�a�t�e�r�,� �F�i�g�u�r�e� �3�.�3�,� �a�n�d� 

�i�n� �e�t�h�a�n�o�l�,� �F�i�g�u�r�e� �3�.�4�,� �w�e�r�e� �m�e�a�s�u�r�e�d� �a�t� �s�u�f�f�i�c�i�e�n�t�l�y� �l�o�w� �d�i�s�p�l�a�c�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �t�o� 

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

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

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

�(�3�.�5�c�)�,� �t�h�e� �s�c�a�l�e�d� �s�l�o�p�e�  ��s�"� �w�a�s� �c�a�l�c�u�l�a�t�e�d� �u�s�i�n�g� �a� �v�a�l�u�e� �o�f� �t�h�e� �s�i�t�e� �d�e�n�s�i�t�y� �o�f� �a�c�t�i�v�e� 

�s�i�l�a�n�o�l� �g�r�o�u�p�s� �c�i�t�e�d� �b�y� �K�i�s�e�l�e�v� �f�o�r� �s�i�l�i�c�a� �h�e�a�t�e�d� �t�o� �7�0�0�°�C�,� �I ��,�,�,�,�=�2�.�3�3�x�1�0�°� �m�o�l�e� �m�?�.�®� 

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

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

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

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

�s�c�a�l�e�d� �s�l�o�p�e� �"�s�"� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �3�.�3�.� �R�e�l�a�t�i�v�e� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� �o�f� �S� �w�e�r�e� �t�y�p�i�c�a�l�l�y� 
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�D�i�s�p�l�a�c�e�r� �V�o�l�u�m�e� �F�r�a�c�t�i�o�n�,� �g�,� �,� �(�x� �1�0� �)� 

�F�i�g�u�r�e� �3�.�4� �A�d�s�o�r�b�e�d� �a�m�o�u�n�t� �o�f� �d�i�s�p�l�a�c�e�r�s�,� �m�g� �m ��,� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �d�i�s�p�l�a�c�e�r� �v�o�l�u�m�e� 
�f�r�a�c�t�i�o�n� �¢�*� �f�r�o�m� �e�t�h�a�n�o�l� �o�n�t�o� �C�a�b�-�O�-�S�i�l� �E�H�-�S� �s�i�l�i�c�a�.� 
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�5�-�1�0�%�.� �T�h�i�s� �l�e�d� �t�o� �l�e�s�s� �t�h�a�n� �+�2�%� �v�a�r�i�a�t�i�o�n� �i�n� �t�h�e� �c�a�l�c�u�l�a�t�e�d� �v�a�l�u�e�s� �o�f� �x�, ��°�.� 

�T�A�B�L�E� �3�.�3� �I�n�i�t�i�a�l� �s�l�o�p�e�s� �o�f� �d�i�s�p�l�a�c�e�r� �a�d�s�o�r�p�t�i�o�n� �i�s�o�t�h�e�r�m�s� �o�n� �s�i�l�i�c�a� 
� � 

� � 

�D�i�s�p�l�a�c�e�r�s�*� �I�n�i�t�i�a�l� �s�l�o�p�e�,� �S� �x� �1�0�°�,� �m�o�l�e� �m�?� �I�n� �s�°� 
�w�a�t�e�r� �e�t�h�a�n�o�l� �w�a�t�e�r� �e�t�h�a�n�o�l� 

�D�M�S�O� �3�.�4�6� �8�.�7�2� �4�.�0�7� �3�.�8�2� 
�P�Y�R� �1�1�.�8� �3�.�4�1� �5�.�4�3� �3�.�0�2� 

�N�E�T� �3�.�7�9� �2�.�3�0� �4�.�4�4� �2�.�7�7� 
�F�U�R� �1�2�.�0� �2�.�1�4� �5�.�5�1� �2�.�6�1� 

� � 

�*� �A�b�b�r�e�v�i�a�t�i�o�n�s� �a�r�e� �s�a�m�e� �a�s� �i�n� �T�a�b�l�e� �3�.�2�.� 
�>� �s� �o�b�t�a�i�n�e�d� �f�r�o�m� �e�q�u�a�t�i�o�n� �(�3�.�5�c�)� �w�h�e�r�e� �I�,� �=� �2�.�3�3� �x� �1�0�°� �m�o�l� �m�?� �a�n�d� �v�a�l�u�e�s� �o�f� 
�m�o�l�e�c�u�l�a�r� �v�o�l�u�m�e�s� �V�,� �a�n�d� �V�,� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �3�.�2�.� 

�C�o�h�e�n� �S�t�u�a�r�t� �e�t� �a�l�. �� �a�l�s�o� �m�e�a�s�u�r�e�d� �v�a�l�u�e�s� �o�f� �S�p�y�z� �a�n�d� �S�p�y�i�s�o� �f�o�r� �C�a�b�-�O�-�S�i�l� �M�5� 

�i�n� �w�a�t�e�r� �w�h�i�c�h� �a�r�e� �s�o�m�e�w�h�a�t� �l�o�w�e�r� �t�h�a�n� �o�u�r� �c�o�r�r�e�s�p�o�n�d�i�n�g� �v�a�l�u�e�s� �-� �S�p�y�z� �=�5�.�3�x�1�0�°� �m�o�l�e� 

�m�7 �� �a�s� �c�o�m�p�a�r�e�d� �t�o� �o�u�r� �v�a�l�u�e� �o�f� �1�1�.�8�x�1�0�°� �m�o�l�e� �m�?� �a�n�d� �S�p�y�j�s�o�=�2�.�8�x�1�0�°� �m�o�l�e� �m�®� �a�s� 

�c�o�m�p�a�r�e�d� �t�o� �o�u�r� �v�a�l�u�e� �o�f� �3�.�4�6�x�1�0�°� �m�o�l�e� �m ��.� �T�h�e� �d�i�f�f�e�r�e�n�c�e�s� �m�a�y� �b�e� �d�u�e� �t�o� �t�h�e� �r�a�n�g�e� 

�o�f� �d�i�s�p�l�a�c�e�r� �v�o�l�u�m�e� �f�r�a�c�t�i�o�n� �u�s�e�d� �i�n� �o�u�r� �s�t�u�d�y�,� �0�<�¢�. ��<�0�.�0�0�5�,� �w�h�e�r�e�a�s� �t�h�e� �s�l�o�p�e�s� 

�r�e�p�o�r�t�e�d� �b�y� �C�o�h�e�n� �S�t�u�a�r�t� �e�t� �a�l�.� �a�p�p�e�a�r� �t�o� �h�a�v�e� �b�e�e�n� �c�a�l�c�u�l�a�t�e�d� �o�v�e�r� �t�h�e� �r�a�n�g�e� 

�0�<�¢�.�'�<�0�.�0�1�.� �S�o�m�e� �c�u�r�v�a�t�u�r�e� �i�n� �t�h�e� �i�s�o�t�h�e�r�m� �i�n� �t�h�a�t� �r�a�n�g�e� �m�a�y� �h�a�v�e� �l�e�d� �t�o� �s�o�m�e�w�h�a�t� 

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

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

�t�o� �d�i�f�f�e�r�e�n�c�e�s� �o�f� �5�%� �i�n� �I�n�(�s�)�p�m�s�o� �a�n�d� �1�5�%� �i�n� �I�n�(�s�)�p�y�p�.� �G�i�v�e�n� �t�h�e� �l�i�m�i�t�e�d� �c�o�m�p�a�r�i�s�o�n� �o�f� 

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

�c�o�m�p�a�r�i�s�o�n� �o�f� �o�u�r� �v�a�l�u�e�s� �o�f� �x�,�?�°� �f�o�r� �P�E�O�X� �a�n�d� �t�h�o�s�e� �f�o�r� �P�V�P�.� 

�P�E�O�X� �A�d�s�o�r�p�t�i�o�n� �I�s�o�t�h�e�r�m�.� �F�i�g�u�r�e� �3�.�5� �d�e�p�i�c�t�s� �t�h�e� �a�d�s�o�r�p�t�i�o�n� �i�s�o�t�h�e�r�m�s� �o�f� 

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

�e�t�h�a�n�o�l� �f�o�r� �P�E�O�X� �3�0�K�.� �T�h�e� �a�d�s�o�r�p�t�i�o�n� �i�s�o�t�h�e�r�m�s� �t�e�n�d�e�d� �t�o� �r�i�s�e� �s�t�e�e�p�l�y� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� 
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�0�.�7�5� �-� �/� �_� 

�v �� 

�0�.�5�0� �+� �_� 

�0�.�2�5� �P�E�O�X�(�6�0�K�)�/�w�a�t�e�r� �§� �|�_�]� 
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� � 

�<�4
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�P�E�O�X�(�3�0�K�)�/�w�a�t�e�r� 
�P�E�O�X�(�2�0�K�)�/�w�a�t�e�r� 
�P�E�O�X�(�3�0�K�)�/�e�t�h�a�n�o�l� 
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�A�d�d�e�d� �P�E�O�X� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �g�/�g� 

�F�i�g�u�r�e� �3�.�5� �A�d�s�o�r�b�e�d� �a�m�o�u�n�t� �o�f� �P�E�O�X�,� �m�g� �m ��,� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �a�d�d�e�d� �P�E�O�X� 
�c�o�n�c�e�n�t�r�a�t�i�o�n�,� �g� �P�E�O�X�/�g� �s�o�l�u�t�i�o�n�.� �T�h�r�e�e� �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� �(�d�e�f�i�n�e�d� �i�n� �T�a�b�l�e� 
�4�.�1�)� �a�r�e� �s�h�o�w�n� �i�n� �d�i�f�f�e�r�e�n�t� �s�o�l�v�e�n�t�s�.� �(�¢�)� �2�0�K�/�w�a�t�e�r�;� �(�v�)� �3�0�K�/�w�a�t�e�r�;� �(�v�)� �6�0�K�/�w�a�t�e�r�;� 
�(�L�J�)� �3�0�K�/�e�t�h�a�n�o�l�.� 
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�p�o�l�y�m�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�,� �e�s�p�e�c�i�a�l�l�y� �f�o�r� �P�E�O�X� �2�0�K� �a�n�d� �6�0�K� �a�n�d� �a�l�l� �r�e�a�c�h�e�d� �a� �p�l�a�t�e�a�u�,� 

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

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

�w�a�t�e�r� �i�n�c�r�e�a�s�e�d� �s�t�e�a�d�i�l�y� �w�i�t�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �r�a�n�g�i�n�g� �f�r�o�m� �0�.�5�7� �t�o� �0�.�8�0� �m�g� �m�7 ��.� �T�h�e� 

�p�l�a�t�e�a�u� �a�d�s�o�r�p�t�i�o�n� �a�m�o�u�n�t� �o�f� �P�E�O�X� �3�0�K� �i�n� �e�t�h�a�n�o�l�,� �0�.�4�6� �m�g� �m�7 ��,� �w�a�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �l�e�s�s� 

�t�h�a�n� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �v�a�l�u�e� �i�n� �w�a�t�e�r�,� �0�.�7�0� �m�g� �m�* ��.� �T�h�i�s� �i�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �g�r�e�a�t�e�r� 

�s�o�l�u�b�i�l�i�t�y� �o�f� �P�E�O�X� �i�n� �e�t�h�a�n�o�l�,� �i�.�e�.� �x ��°�=�0�.�3�2� �i�n� �e�t�h�a�n�o�l� �c�o�m�p�a�r�e�d� �t�o� �x�?�°�=�0�.�4�8� �i�n� �w�a�t�e�r�"�,� 

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

�D�i�s�p�l�a�c�e�m�e�n�t� �I�s�o�t�h�e�r�m�s� �f�o�r� �P�E�O�X�.� �T�h�e� �d�i�s�p�l�a�c�e�m�e�n�t� �i�s�o�t�h�e�r�m�s� �i�n� �F�i�g�u�r�e� �3�.�6� 

�f�o�r� �P�E�O�X� �3�0�K� �i�n� �w�a�t�e�r� �s�h�o�w� �t�h�a�t� �a�l�l� �f�i�v�e� �d�i�s�p�l�a�c�e�r�s� �w�e�r�e� �c�a�p�a�b�l�e� �o�f� �c�o�m�p�l�e�t�e�l�y� 

�d�i�s�p�l�a�c�i�n�g� �P�E�O�X�.� �T�h�e� �a�d�s�o�r�b�e�d� �m�a�s�s� �o�f� �P�E�O�X� �p�e�r� �u�n�i�t� �a�r�e�a�,� �I�,� �d�e�c�r�e�a�s�e�d� �w�i�t�h� 

�i�n�c�r�e�a�s�i�n�g� �v�o�l�u�m�e� �f�r�a�c�t�i�o�n� �o�f� �d�i�s�p�l�a�c�e�r� �i�n� �e�q�u�i�l�i�b�r�i�u�m� �w�i�t�h� �t�h�e� �s�i�l�i�c�a�,� �¢�.�4�,� �r�e�a�c�h�i�n�g� �z�e�r�o� 

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

�P�E�O�X� �3�0�K� �i�n� �e�t�h�a�n�o�l�.� �I�n� �t�h�o�s�e� �i�n�s�t�a�n�c�e�s� �w�h�e�r�e� �t�h�e� �d�i�s�p�l�a�c�e�m�e�n�t� �c�u�r�v�e� �d�i�d� �n�o�t� �d�r�o�p� 

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

�a�l�c�o�h�o�l� �i�n� �F�i�g�u�r�e� �3�.�6�(�a�)�.� �E�x�c�e�l�l�e�n�t� �a�g�r�e�e�m�e�n�t� �w�a�s� �f�o�u�n�d� �b�e�t�w�e�e�n� �t�h�e� �i�n�t�e�r�p�o�l�a�t�e�d� �v�a�l�u�e� 

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

�F�i�g�u�r�e� �3�.�6�(�b�)�.� 

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

�r�e�l�a�t�i�v�e� �o�r�d�e�r�s� �o�f� �¢�,�,� �f�o�r� �t�h�e� �d�i�s�p�l�a�c�e�r�s� �i�n� �e�t�h�a�n�o�l� �(�i�n� �F�i�g�u�r�e� �3�.�6�(�c�)�)� �a�n�d� �w�a�t�e�r�,� 

�s�u�m�m�a�r�i�z�e�d� �i�n� �T�a�b�l�e� �3�.�4�.� �T�h�e� �c�u�r�v�e�s� �i�n� �w�a�t�e�r� �a�n�d� �e�t�h�a�n�o�l� �d�o� �n�o�t� �e�x�h�i�b�i�t� �m�i�n�i�m�a�,� 

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

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

�w�a�t�e�r� �a�s� �g�i�v�e�n� �b�y� �t�h�e� �o�r�d�e�r� �o�f� �¢�,�,� �i�n�c�r�e�a�s�e�d� �i�n� �t�h�e� �o�r�d�e�r� �D�M�S�O�<� �N�E�T� �<�F�U�R�<�P�Y�R�.� 

�I�n� �e�t�h�a�n�o�l�,� �t�h�e� �d�i�s�p�l�a�c�e�r� �s�t�r�e�n�g�t�h� �i�n�c�r�e�a�s�e�d� �i�n� �t�h�e� �o�r�d�e�r� �F�U�R�<� �N�E�T� �<�P�Y�R�<�D�M�S�O�.� 

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

�a�t�h�e�r�m�a�l� �s�o�l�u�t�i�o�n�s�,� �i�.�e�.� �A�x�*�=�0�,� �t�h�e� �o�r�d�e�r� �o�f� �d�i�s�p�l�a�c�e�r� �s�t�r�e�n�g�t�h� �i�s� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �s�o�l�v�e�n�t� 
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�S�  ��7�.� 
�~� �L� �*� �4� 
�©� 

�§� 
�<�=� �o�0�.�2�b� �V�e� �J� 

�o�O� �.� 
�©� 

�2� �L� �J� 
�S�m�t� 
�°� 

�~�~� 
�<� �0�.�1� �-� �|� �O�o� �p�y�r�i�d�i�n�e� �7� 

�>�<� �@� �e�t�h�y�l� �a�c�e�t�a�m�i�d�e� 
�2� �L� �V�v� �D�M�S�O� �4� 
�A�,� �v� �D�M�P� 

�0�.�0� �|�_�_�|� �_�_�_�.�_�_� 
 ��-�2�.�5� �- ��2�.�0� �-�1�.�5� �-�1�.�0� �0�.�5� 

�d� 

�L�o�g� �(� �9�,� �)� 

�F�i�g�u�r�e� �3�.�6� �(�a�)� �D�e�s�o�r�p�t�i�o�n� �i�s�o�t�h�e�r�m�s� �o�f� �P�E�O�X� �o�n� �s�i�l�i�c�a� �f�r�o�m� �w�a�t�e�r�.� �T�h�e� �¢�,�,� �a�r�e� �o�b�t�a�i�n�e�d� 
�f�r�o�m� �t�h�e� �i�n�t�e�r�p�o�l�a�t�i�o�n� �o�f� �e�a�c�h� �c�u�r�v�e� �t�o� �z�e�r�o� �a�d�s�o�r�b�e�d� �a�m�o�u�n�t�.� 
�(�b�)� �T�h�e� �a�d�s�o�r�b�e�d� �a�m�o�u�n�t� �o�f� �P�E�O�X�,� �m�g� �m ��,� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �r�e�t�e�n�t�i�o�n� �d�e�t�e�r�m�i�n�e�d� �b�y� �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�)�,� �e�x�p�r�e�s�s�e�d� �a�s� �(�1�-�R�,�)� �f�o�r� �P�E�O�X� �i�n� �t�h�e� �s�o�l�v�e�n�t� �m�i�x�t�u�r�e� �w�a�t�e�r�-� 
�p�y�r�i�d�i�n�e� �a�n�d� �b�a�t�c�h� �d�e�s�o�r�p�t�i�o�n� �p�r�o�c�e�s�s� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �t�h�e� �v�o�l�u�m�e� �f�r�a�c�t�i�o�n� �¢�°� �o�f� �p�y�r�i�d�i�n�e�.� 
�(�c�)� �D�e�s�o�r�p�t�i�o�n� �i�s�o�t�h�e�r�m�s� �o�f� �P�E�O�X� �o�n� �s�i�l�i�c�a� �f�r�o�m� �e�t�h�a�n�o�l�.� �T�h�e� �a�d�s�o�r�b�e�d� �a�m�o�u�n�t� �o�f� 
�P�E�O�X�<� �a�s� �a� �f�u�n�c�t�i�o�n� �o�f� �d�i�s�p�l�a�c�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�.� 
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�t�y�p�e�.� 

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

�f�o�r� �t�h�e� �d�i�s�p�l�a�c�e�m�e�n�t� �o�f� �P�V�P� �f�r�o�m� �s�i�l�i�c�a� �b�y� �D�M�S�O� �a�n�d� �p�y�r�i�d�i�n�e�.�¥� �D�M�S�O� �i�s� �a� �s�t�r�o�n�g�e�r� 

�d�i�s�p�l�a�c�e�r� �f�o�r� �P�E�O�X� �t�h�a�n� �i�t� �i�s� �f�o�r� �P�V�P� �s�i�n�c�e� �(�¢�,�,�)�p�m�s�o�=�0�.�7�5� �f�o�r� �P�E�O�X� �w�h�e�r�e�a�s� �P�V�P� �w�a�s� 

�n�o�t� �c�o�m�p�l�e�t�e�l�y� �d�e�s�o�r�b�e�d� �e�v�e�n� �i�n� �p�u�r�e� �D�M�S�O�.� �P�y�r�i�d�i�n�e� �i�s� �a�l�s�o� �a� �s�t�r�o�n�g�e�r� �d�i�s�p�l�a�c�e�r� �f�o�r� 

�P�E�O�X�<� �t�h�a�n� �i�t� �i�s� �f�o�r� �P�V�P� �w�i�t�h� �(�¢�,�,�)�p�y�p�=�0�.�2�1� �f�o�r� �P�E�O�X� �w�h�e�r�e�a�s� �(�¢�,�,�)�p�y�p�=�0�.�3�5� �f�o�r� �P�V�P�.� 

�T�A�B�L�E� �3�.�4� �C�r�i�t�i�c�a�l� �D�i�s�p�l�a�c�e�r� �V�o�l�u�m�e� �F�r�a�c�t�i�o�n�s� �f�o�r� �P�E�O�X� �3�0�K� 

� � 

� � 

�S�o�l�v�e�n�t� �D�i�s�p�l�a�c�e�r�*� �I�n�(�¢�,�,�)� �P�e�r� 

�W�a�t�e�r� �P�Y�R� �-�1�.�5�4� �0�.�2�1� 
�P�Y�R� �(�T�L�C�)!"�*� �-�1�.�5�6� �0�.�2�1� 
�F�U�R� �-�1�.�0� �0�.�3�7� 

�N�E�T� �-�0�.�4�6� �0�.�6�3� 
�D�M�S�O� �-�0�.�2�8� �0�.�7�6� 
�D�M�P� �-�0�.�9�9� �0�.�3�7� 

�E�t�h�a�n�o�l� �P�Y�R� �-�0�.�6�9� �0�.�5�0� 
�F�U�R� �-�0�.�3�0� �0�.�7�4� 

�N�E�T� �-�0�.�5�8� �0�.�5�6� 
�D�M�S�O� �-�1�.�1�5� �0�.�3�2� 
�D�M�P� �-�0�.�7�8� �0�.�4�6� 

� � 

�*� �A�b�b�r�e�v�i�a�t�i�o�n�s� �a�r�e� �s�a�m�e� �a�s� �i�n� �T�a�b�l�e� �3�.�2�.� 
�*�*� �D�e�t�e�r�m�i�n�e�d� �b�y� �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�)�.� 

�C�r�i�t�i�c�a�l� �D�i�s�p�l�a�c�e�r� �E�n�e�r�g�y�.� �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� �p�a�r�a�m�e�t�e�r�,� �x�,�,�,� �c�a�n� �b�e� 

�e�s�t�i�m�a�t�e�d� �f�r�o�m� �t�h�e� �l�a�t�t�i�c�e� �m�o�d�e�l� �u�s�i�n�g� �e�q�u�a�t�i�o�n� �(�3�.�8�)� �a�n�d� �c�a�n� �b�e� �e�s�t�i�m�a�t�e�d� �f�r�o�m� �e�q�u�a�t�i�o�n� 

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

�o�f� �t�h�e� �p�o�l�y�m�e�r� �s�o� �t�h�a�t� �x�,�"� �=�0� �a�n�d� �A�y � ��=�0�.� �F�o�r� �a� �h�e�x�a�g�o�n�a�l� �l�a�t�t�i�c�e� �w�i�t�h� �t�h�e� �l�a�t�t�i�c�e� 

�p�a�r�a�m�e�t�e�r� �\�,�=�0�.�2�5�,� �x�,�,�=�0�.�2�8�8�.� �E�q�u�a�t�i�o�n� �(�3�.�7�)� �i�s� �v�a�l�i�d� �w�h�e�n� �x�,�?�°� �i�s� �n�o�t� �t�o�o� �s�m�a�l�l�,� �i�.�e�.� 
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�x�,�P�°�>�2� �7� �w�h�i�c�h� �i�s� �s�a�t�i�s�f�i�e�d� �i�n� �t�h�i�s� �s�t�u�d�y�.� �G�i�v�e�n� �t�h�e� �v�a�l�u�e�s� �o�f� �(�¢�,�,�)�n�p�r� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �3�.�4�,� 

�X�s� �=�0�.�9�9� �i�n� �w�a�t�e�r� �a�n�d� �=�0�.�7�8� �i�n� �e�t�h�a�n�o�l�.� �T�h�e�s�e� �a�r�e� �s�o�m�e�w�h�a�t� �h�i�g�h�e�r� �t�h�a�n� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� 

�v�a�l�u�e� �o�f� �0�.�2�8�8� �m�o�s�t� �l�i�k�e�l�y� �b�e�c�a�u�s�e� �t�h�e� �l�a�t�t�i�c�e� �t�h�e�o�r�y� �a�s�s�u�m�e�s� �n�o� �s�p�e�c�i�f�i�c� �i�n�t�e�r�a�c�t�i�o�n�s� 

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

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

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

�o�f� �x�,�,� �w�e�r�e� �u�s�e�d� �i�n� �t�h�e� �s�u�b�s�e�q�u�e�n�t� �c�a�l�c�u�l�a�t�i�o�n�s� �o�f� �x�,�?�°� �t�o� �m�a�i�n�t�a�i�n� �s�e�l�f�-�c�o�n�s�i�s�t�e�n�c�y�.� 

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

�(�3�.�9�)� �a�n�d� �(�3�.�1�0�)� �f�o�r� �v�a�r�i�o�u�s� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �t�h�e� �t�w�o� �s�o�l�v�e�n�t�s� �a�n�d� �f�o�u�r� �d�i�s�p�l�a�c�e�r�s�.� �T�h�i�s� 

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

�w�i�t�h� �t�h�e� �v�a�l�u�e�s� �o�f� �x�°�°� �f�o�r� �P�E�O�X� �a�t� �2�5�°�C� �n�o�t�e�d� �e�a�r�l�i�e�r� �-� �y ��°�=�0�.�4�8� �i�n� �w�a�t�e�r� �a�n�d� �y ��°�=�0�.�4�1� 

�i�n� �e�t�h�a�n�o�l�.� �V�a�l�u�e�s� �o�f� �x�,�°� �w�e�r�e� �t�h�e�n� �c�a�l�c�u�l�a�t�e�d� �f�r�o�m� �e�q�u�a�t�i�o�n� �(�3�.�6�)� �a�n�d� �a�r�e� �s�u�m�m�a�r�i�z�e�d� 

�a�l�o�n�g� �w�i�t�h� �v�a�l�u�e�s� �o�f� �A�y�®� �i�n� �T�a�b�l�e� �3�.�5�.� �T�o� �t�e�s�t� �t�h�e� �s�e�l�f� �c�o�n�s�i�s�t�e�n�c�y� �o�f� �t�h�e� �d�a�t�a�,� 

�c�a�l�c�u�l�a�t�i�o�n�s� �w�e�r�e� �m�a�d�e� �f�o�r� �t�h�e� �t�h�r�e�e� �d�i�f�f�e�r�e�n�t� �c�o�m�b�i�n�a�t�i�o�n�s� �o�f� �d�i�s�p�l�a�c�e�r�s� �r�e�s�u�l�t�i�n�g� �i�n� �6� 

�i�n�d�e�p�e�n�d�e�n�t� �v�a�l�u�e�s� �o�f� �x�, �� �a�n�d� �3� �i�n�d�e�p�e�n�d�e�n�t� �v�a�l�u�e�s� �o�f� �A�y�®� �i�n� �a� �g�i�v�e�n� �s�o�l�v�e�n�t�.� �T�h�e�s�e� 

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

�w�e�r�e� �q�u�i�t�e� �s�e�l�f�-�c�o�n�s�i�s�t�e�n�t�,� �w�i�t�h� �a�n� �a�v�e�r�a�g�e� �v�a�l�u�e� �o�f� �5�.�1� �i�n� �w�a�t�e�r� �a�n�d� �3�.�2� �i�n� �e�t�h�a�n�o�l�.� �T�h�e� 

�r�e�l�a�t�i�v�e� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n�s� �o�f� �t�h�e� �a�v�e�r�a�g�e�s� �f�o�r� �x�,�?�°� �w�e�r�e� �4�%� �a�n�d� �9�%� �f�o�r� �w�a�t�e�r� �a�n�d� 

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

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

�a�s� �s�p�e�c�i�f�i�c� �a�s�s�o�c�i�a�t�i�o�n� �o�f� �w�a�t�e�r� �m�o�l�e�c�u�l�e�s� �w�i�t�h� �t�h�e� �P�E�O�X� �c�h�a�i�n�.� �G�i�v�e�n� �t�h�i�s� �l�a�t�t�e�r� �p�o�i�n�t�,� 

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

�s�o�l�u�t�i�o�n� �t�h�e�o�r�y�.� �H�o�w�e�v�e�r�,� �i�t� �i�s� �n�o�t�e�d� �t�h�a�t� �t�h�e� �t�e�r�m� �i�n� �e�q�u�a�t�i�o�n� �(�3�.�6�)� �t�h�a�t� �c�o�n�t�a�i�n�s� �A�y �� 

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

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

�s�u�l�f�o�x�i�d�e� �i�n� �e�t�h�a�n�o�l� �d�i�d� �t�h�e� �t�e�r�m� �c�o�n�t�a�i�n�i�n�g� �A�y�®� �r�e�a�c�h� �3�4�%� �o�f� �t�h�e� �v�a�l�u�e� �o�f� �x�,�?�°�.� �T�h�e�r�e� 

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

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

�o�f� �P�E�O�X� �a�d�s�o�r�p�t�i�o�n� �o�n� �s�i�l�i�c�a� �s�u�r�f�a�c�e� �f�r�o�m� �w�a�t�e�r� �a�n�d� �e�t�h�a�n�o�l� �a�r�e� �p�r�o�p�o�s�e�d�,� �a�s� �s�h�o�w�n� �i�n� 

�F�i�g�u�r�e�s� �3�.�7� �a�n�d� �3�.�8�.� �O�n�e� �p�o�s�s�i�b�l�e� �s�o�l�v�e�n�t� �e�f�f�e�c�t� �i�s� �t�h�e� �p�a�r�t�i�c�i�p�a�t�i�o�n� �o�f� �w�a�t�e�r� �i�n� �f�o�r�m�i�n�g� 

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

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

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

�P�E�O�X� �a�n�d� �s�u�r�f�a�c�e� �h�y�d�r�o�x�y�l� �g�r�o�u�p�s�.� �I�n� �e�t�h�a�n�o�l�,� �o�n�l�y� �d�i�r�e�c�t� �h�y�d�r�o�g�e�n� �b�o�n�d�i�n�g� �i�s� �p�o�s�s�i�b�l�e� 

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

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

�g�r�o�u�p� �a�n�d� �s�i�l�a�n�o�l� �g�r�o�u�p�.� 

�A�n�o�t�h�e�r� �p�o�s�s�i�b�l�e� �s�o�l�v�e�n�t� �e�f�f�e�c�t�,� �w�h�i�c�h� �w�a�s� �p�r�e�v�i�o�u�s�l�y� �d�i�s�c�u�s�s�e�d� �i�n� �C�h�a�p�t�e�r� �2�,� �t�h�a�t� 

�t�h�e� �e�x�c�e�s�s� �e�n�t�r�o�p�y� �o�f� �m�i�x�i�n�g�,� �A�s�"�,� �o�f� �w�a�t�e�r� �i�n� �P�E�O�X� �s�o�l�u�t�i�o�n�s� �w�a�s� �n�e�g�a�t�i�v�e� �d�u�e� �t�o� 

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

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

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

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

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

�w�a�t�e�r�.� 
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�P�E�O�X� �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� 
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�F�i�g�u�r�e� �3�.�7� �P�r�o�p�o�s�e�d� �w�a�t�e�r� �b�r�i�d�g�i�n�g� �a�d�s�o�r�p�t�i�o�n� �m�e�c�h�a�n�i�s�m� �o�f� �P�E�O�X� �o�n� �s�i�l�i�c�a� �s�u�r�f�a�c�e� 
�f�r�o�m� �w�a�t�e�r� �a�n�d� �e�t�h�a�n�o�l�,� �b�a�s�e�d� �o�n� �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�e�a�s�u�r�e�m�e�n�t�s�.
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�F�i�g�u�r�e� �3�.�8� �T�h�e�r�m�o�d�y�n�a�m�i�c� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�h�e� �P�E�O�X� �a�d�s�o�r�p�t�i�o�n� �o�n� �s�i�l�i�c�a� �s�u�r�f�a�c�e� �f�r�o�m� �w�a�t�e�r�.� 

�9�1



�T�A�B�L�E� �3�.�5� �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�,� �x�, ��°�,� �a�n�d� �C�o�m�b�i�n�e�d� �S�o�l�v�e�n�c�y� �P�a�r�a�m�e�t�e�r�,� 
�a�x ��,� �f�o�r� �P�o�l�y�(�2�-�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)� �o�n� �S�i�l�i�c�a� �f�o�r� �V�a�r�i�o�u�s� �C�o�m�b�i�n�a�t�i�o�n�s� �o�f� �S�o�l�v�e�n�t�s� �a�n�d� 
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� � 
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�D�i�s�p�l�a�c�e�r�s�.� 

�a�x �� �x�,�P�°� 

�w�a�t�e�r� �e�t�h�a�n�o�l� �w�a�t�e�r� �e�t�h�a�n�o�l� 

�P�Y�R� �2�.�1�3� �1�.�0�7� �5�.�5� �3�.�1� 
�F�U�R� �0�.�4�1� �-�2�.�5�9� 

�D�M�S�O� �-�5�.�2�9� �-�1�.�9�4� �5�.�0� �3�.�3� 
�N�E�T� �5�.�9�3� �5�.�3�4� 

�a�x �� �x�s �� 

�w�a�t�e�r� �e�t�h�a�n�o�l� �w�a�t�e�r� �e�t�h�a�n�o�l� 

�D�M�S�O� �-�3�.�0�2� �0�.�6�3� �4�.�9� �3�.�5� 
�F�U�R� �-�2�.�3�4� �-�9�.�0�3� 

�P�Y�R� �0�.�1�1� �-�2�.�1�0� �4�.�9� �2�.�7� 
�N�E�T� �-�2�.�3�0� �~�1�.�5�7� 

�A�X�.� �x�s�"� 

�w�a�t�e�r� �e�t�h�a�n�o�l� �w�a�t�e�r� �e�t�h�a�n�o�l� 

�P�Y�R� �1�.�4�0� �-�0�.�0�8� �5�.�2� �3�.�0� 
�D�M�S�O� �-�8�.�5�2� �~�1�.�3�5� 

�F�U�R� �-�1�.�4�8� �-�7�.�2�2� �5�.�1� �3�.�4� 
�N�E�T� �7�.�3�8� �6�.�5�5� 

�A�v�e�r�a�g�e� �=� �5�.�1�+�0�.�2�"� �3�.�2� �+�0�.�3�"� 

�*� �s�t�a�n�d�a�r�d� �d�e�v�i�a�t�i�o�n� �o�f� �t�h�e� �a�v�e�r�a�g�e� �v�a�l�u�e� �o�f� �x�,�?�°� 
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�C�o�m�p�a�r�i�s�o�n� �w�i�t�h� �P�V�P� 

�B�y� �c�o�m�p�a�r�i�s�o�n�,� �C�o�h�e�n� �S�t�u�a�r�t� �e�t� �a�l�.� �m�e�a�s�u�r�e�d� �x�,�°�°� �f�o�r� �P�V�P� �a�d�s�o�r�b�e�d� �o�n�t�o� �s�i�l�i�c�a� 

�f�r�o�m� �w�a�t�e�r� �a�n�d� �d�i�o�x�a�n�e� �t�o� �b�e� �a�p�p�r�o�x�i�m�a�t�e�l�y� �4� �k�T� �u�s�i�n�g� �t�h�e� �d�i�s�p�l�a�c�e�m�e�n�t� �t�e�c�h�n�i�q�u�e�. �� 

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

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

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

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

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

�f�o�r� �P�V�P� �w�i�t�h� �M�,�=�2�7�.�9� �k�g� �m�o�l�e�!� �a�t� �2�5�°�C�.� �C�o�n�v�e�r�s�i�o�n� �o�f� �t�h�e�s�e� �d�a�t�a� �a�t� �a� �p�o�l�y�m�e�r� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �C�,�~�0�.�0�2� �g� �m�l�"� �t�o� �t�h�e� �e�x�c�e�s�s� �e�n�t�r�o�p�y� �o�f� �m�i�x�i�n�g� �g�a�v�e� �A�s�*�=�2� �x� �1�0�%� �c�a�l� 

�m�o�l�e �� �°�K �� �w�h�e�r�e�a�s� �P�E�O�X� �3�0�K� �w�i�t�h� �r�o�u�g�h�l�y� �t�h�e� �s�a�m�e� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t� �h�a�d� �A�s�*�=� �-� �4�.�8� 

�x� �1�0�°� �c�a�l� �m�o�l�e �� �°�K�"�.� �T�h�i�s� �s�u�p�p�o�r�t�s� �t�h�e� �h�y�p�o�t�h�e�s�i�s� �t�h�a�t� �s�o�l�v�e�n�t� �e�n�t�r�o�p�i�c� �e�f�f�e�c�t�s� �f�a�v�o�r� 

�P�E�O�X� �a�d�s�o�r�p�t�i�o�n� �f�r�o�m� �w�a�t�e�r�.� �H�o�w�e�v�e�r�,� �f�u�r�t�h�e�r� �w�o�r�k� �i�s� �n�e�e�d�e�d� �t�o� �m�a�k�e� �a� �d�e�f�i�n�i�t�i�v�e� 

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

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

�a�n�d� �s�i�g�n� �o�f� �A�s�®�.� �F�o�r� �P�V�P� �s�o�l�u�t�i�o�n�s� �w�i�t�h� �C�,�>�0�.�0�5�2� �g� �m�l ��,� �V�i�n�k� �r�e�p�o�r�t�s� �n�e�g�a�t�i�v�e� �v�a�l�u�e�s� 

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

�i�n� �m�a�g�n�i�t�u�d�e� �w�i�t�h� �C�,�.� �N�o� �c�o�r�r�e�s�p�o�n�d�i�n�g� �d�a�t�a� �a�r�e� �a�v�a�i�l�a�b�l�e� �f�o�r� �P�E�O�X� �s�o�l�u�t�i�o�n�s� �i�n� �w�a�t�e�r� 

�a�n�d� �s�o� �i�t� �i�s� �n�o�t� �c�l�e�a�r� �h�o�w� �A�s�®� �f�o�r� �P�E�O�X� �i�n� �w�a�t�e�r� �a�t� �t�h�e�s�e� �h�i�g�h�e�r� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �c�o�m�p�a�r�e�s� 

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

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

�s�o�l�u�t�i�o�n�.�"�®� 

�I�f� �b�r�i�d�g�i�n�g� �p�l�a�y�s� �a� �r�o�l�e� �i�n� �t�h�e� �a�d�s�o�r�p�t�i�o�n� �o�f� �P�E�O�X� �o�n� �s�i�l�i�c�a� �i�n� �w�a�t�e�r�,� �o�n�e� �m�i�g�h�t� 

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

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

�c�a�s�e� �g�i�v�e�n� �t�h�e� �e�s�s�e�n�t�i�a�l�l�y� �e�q�u�a�l� �v�a�l�u�e�s� �o�f� �x�,�°�°� �f�o�r� �P�V�P� �i�n� �w�a�t�e�r� �a�n�d� �d�i�o�x�a�n�e�.� �H�o�w�e�v�e�r�,� 

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

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

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

�s�u�r�f�a�c�e� �s�i�l�a�n�o�l� �g�r�o�u�p�s�.� 

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

�P�E�O�X� �i�n� �w�a�t�e�r� �a�t� �2�5�°�C�,� �|�A�h�*�|� �e�x�c�e�e�d�e�d� �|�T�A�s�*�|� �b�y� �a�b�o�u�t� �3�0�%�.� �P�E�O�X� �h�a�s� �a� �0�-� 

�t�e�m�p�e�r�a�t�u�r�e� �o�f� �5�6�°�C� �w�h�i�c�h� �i�s� �a�l�s�o� �a� �l�o�w�e�r� �c�r�i�t�i�c�a�l� �s�o�l�u�t�i�o�n� �t�e�m�p�e�r�a�t�u�r�e� �(�L�C�S�T�)�.�"� �I�n�d�e�e�d�,� 

�m�a�n�y� �n�o�n�i�o�n�i�c� �w�a�t�e�r�-�s�o�l�u�b�l�e� �p�o�l�y�m�e�r�s� �e�x�h�i�b�i�t� �L�C�S�T� �b�e�h�a�v�i�o�r�.�*�°� �M�e�a�n� �f�i�e�l�d� �l�a�t�t�i�c�e� 

�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�n�d� �a�d�s�o�r�p�t�i�o�n� �d�o� �n�o�t� �a�c�c�o�u�n�t� �r�i�g�o�r�o�u�s�l�y� �f�o�r� �L�C�S�T� 

�b�e�h�a�v�i�o�r�.� �T�h�u�s� �t�h�e� �n�e�g�l�e�c�t� �o�f� �t�h�e� �L�C�S�T� �b�e�h�a�v�i�o�r� �o�f� �P�E�O�X� �i�n� �a�n�a�l�y�z�i�n�g� �t�h�e� �a�d�s�o�r�p�t�i�o�n� 

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

�T�h�e� �h�i�g�h�e�r� �v�a�l�u�e� �o�f� �t�h�e� �p�l�a�t�e�a�u� �a�d�s�o�r�p�t�i�o�n� �a�m�o�u�n�t� �o�f� �P�E�O�X� �3�0�K� �i�n� �w�a�t�e�r�,� �0�.�7�0� 

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

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

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

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

�i�n�c�r�e�a�s�e�s� �i�n� �x�,�?�°�.� 

�I�n� �a�n� �e�a�r�l�i�e�r� �s�t�u�d�y�,� �C�o�h�e�n� �S�t�u�a�r�t� �e�t� �a�l�.�7�' �� �n�o�t�e�d� �t�h�a�t� �t�h�e� �s�o�l�v�e�n�t� �m�o�l�e�c�u�l�a�r� �v�o�l�u�m�e� 

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

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

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

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

�v�o�l�u�m�e� �o�f� �w�a�t�e�r� �i�s� �o�n�l�y� �o�n�e�-�f�i�f�t�h� �t�h�a�t� �o�f� �d�i�o�x�a�n�e ��s�.� �F�o�r� �P�E�O�X� �i�n� �w�a�t�e�r� �a�n�d� �e�t�h�a�n�o�l�,� 

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

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

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

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

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

�s�t�i�f�f�n�e�s�s�.� 
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�T�h�e� �d�i�f�f�e�r�e�n�c�e� �o�f� �1�.�1� �k�T� �b�e�t�w�e�e�n� �o�u�r� �a�v�e�r�a�g�e� �v�a�l�u�e� �f�o�r� �P�E�O�X� �i�n� �w�a�t�e�r� �a�n�d� 

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

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

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

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

�t�h�e� �a�d�s�o�r�p�t�i�o�n� �e�n�e�r�g�y� �o�f� �p�o�l�y�(�e�t�h�y�l�e�n�e� �o�x�i�d�e�)�,� �P�E�O�,� �[�-�(�C�H�,�)�,�-�O�-�]�,� �o�n� �s�i�l�i�c�a� �f�r�o�m� �c�a�r�b�o�n� 

�t�e�t�r�a�c�h�l�o�r�i�d�e�,� �5�.�1� �k�T�,� �e�x�c�e�e�d�e�d� �t�h�a�t� �o�f� �p�o�l�y�(�t�e�t�r�a�h�y�d�r�o�f�u�r�a�n�)�,� �P�T�H�F�,� �[�-�(�C�H�,�)�,�-�O�-�]�,� �b�y� 

�1�.�2� �k�T�. �� �T�h�e� �a�d�s�o�r�p�t�i�o�n� �e�n�e�r�g�y� �o�f� �p�o�l�y�(�m�e�t�h�y�l� �m�e�t�h�a�c�r�y�l�a�t�e�)�,� �P�M�M�A�,� �4�.�3� �k�T�,� �e�x�c�e�e�d�e�d� 

�t�h�a�t� �o�f� �t�h�e� �m�o�r�e� �b�u�l�k�y� �p�o�l�y�(�b�u�t�y�l� �m�e�t�h�a�c�r�y�l�a�t�e�)�,� �P�B�M�A�,� �b�y� �~� �1�.�4� �k�7� �a�l�s�o� �o�n� �s�i�l�i�c�a� �f�r�o�m� 

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

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

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

�i�n�c�r�e�a�s�i�n�g� �s�i�z�e� �o�f� �a�l�k�y�l� �s�i�d�e� �g�r�o�u�p�s�. �� 

�E�f�f�e�c�t� �o�f� �t�h�e� �L�a�t�t�i�c�e� �P�a�r�a�m�e�t�e�r� 

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

�a�s�s�u�m�e�d�,� �i�.�e�.� �A�g�=�1�/�2� �a�n�d� �>�,�=�1�/�4�.� �I�f� �a� �s�i�m�p�l�e� �c�u�b�i�c� �l�a�t�t�i�c�e� �s�t�r�u�c�t�u�r�e� �i�s� �a�s�s�u�m�e�d�,� �t�h�e� 

�l�a�t�t�i�c�e� �p�a�r�a�m�e�t�e�r�s� �\�,�=�4�/�6� �a�n�d� �d�,� �=�1�/�6� �n�e�e�d� �t�o� �b�e� �u�s�e�d� �i�n� �t�h�e� �c�a�l�c�u�l�a�t�i�o�n�s� �f�o�r� �x�,�"�°�.�'�*�!�°� �T�h�e� 

�r�e�s�u�l�t�i�n�g� �y�x�, �� �v�a�l�u�e�s� �d�e�c�r�e�a�s�e� �t�o� �2�.�0� �a�n�d� �4�.�0� �i�n� �e�t�h�a�n�o�l� �a�n�d� �i�n� �w�a�t�e�r�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� 

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

�2� �k�T� �a�s� �i�n� �t�h�e� �c�a�s�e� �o�f� �t�h�e� �h�e�x�a�g�o�n�a�l� �l�a�t�t�i�c�e�.� 

�C�o�m�p�a�r�i�s�o�n� �w�i�t�h� �P�o�l�y�m�e�r�s� �i�n� �N�o�n�-�p�o�l�a�r� �S�o�l�v�e�n�t�s� 

�F�i�n�a�l�l�y�,� �i�t� �i�s� �n�o�t�e�d� �t�h�a�t� �t�h�e� �m�a�g�n�i�t�u�d�e�s� �o�f� �t�h�e� �x�,�?�°� �v�a�l�u�e�s� �f�o�r� �P�E�O�X� �i�n� �w�a�t�e�r� �a�n�d� 

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

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

�o�f� �x�,�"�°�=�1�.�0� �a�n�d� �1�.�9� �f�o�r� �p�o�l�y�s�t�y�r�e�n�e� �(�P�S�)� �a�d�s�o�r�b�i�n�g� �o�n�t�o� �s�i�l�i�c�a� �f�r�o�m� �c�a�r�b�o�n� �t�e�t�r�a�c�h�l�o�r�i�d�e� 

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

�I�n� �a� �s�e�p�a�r�a�t�e� �s�t�u�d�y�,� �K�a�w�a�g�u�c�h�i� �e�t� �a�l�.� �o�b�t�a�i�n�e�d� �a�p�p�r�o�x�i�m�a�t�e� �v�a�l�u�e�s� �o�f� �x�,�?�?�=�0�.�4�2� 

�f�o�r� �P�S� �a�d�s�o�r�b�i�n�g� �o�n�t�o� �s�i�l�i�c�a� �f�r�o�m� �t�r�i�c�h�l�o�r�o�e�t�h�y�l�e�n�e�*� �a�n�d� �1�.�2�3� �f�r�o�m� �c�a�r�b�o�n� 

�t�e�t�r�a�c�h�l�o�r�i�d�e ��.� �H�o�w�e�v�e�r�,� �K�a�w�a�g�u�c�h�i ��s� �f�i�n�d�i�n�g�s� �i�n� �h�i�s� �p�a�p�e�r�s�*�°�*�!� �a�r�e� �d�o�u�b�t�f�u�l� �b�e�c�a�u�s�e�:� 

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

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

�c�h�o�i�c�e� �o�f� �d�i�o�x�a�n�e� �f�o�r� �m�o�n�o�m�e�r�i�c� �a�n�a�l�o�g� �f�o�r� �P�E�O�,� �a�n�d� �(�i�v�)� �t�h�e� �S�c�a�t�c�h�a�r�d�-�H�i�l�d�e�b�r�a�n�d� 

�e�q�u�a�t�i�o�n� �w�a�s� �u�s�e�d� �t�o� �e�s�t�i�m�a�t�e� �x�?�°�,� �x ��,� �a�n�d� �x�.� �A� �l�o�w� �v�a�l�u�e� �o�f� �P�S� �a�d�s�o�r�p�t�i�o�n� �e�n�e�r�g�y� 

�(�x�,�?�°�=�1�.�2�3� �f�r�o�m� �c�a�r�b�o�n� �t�e�t�r�a�c�h�l�o�r�i�d�e�)� �i�s� �r�e�g�a�r�d�e�d� �a�s� �t�h�e� �w�e�a�k� �a�d�s�o�r�p�t�i�o�n� �f�u�n�c�t�i�o�n� �g�r�o�u�p� 

�o�f� �P�S�,� �a�n�d� �n�o� �H�-�b�o�n�d�i�n�g� �e�x�i�s�t�e�n�c�e� �b�e�t�w�e�e�n� �p�o�l�y�m�e�r�/�s�o�l�i�d� �i�n�t�e�r�f�a�c�e�.� �v�a�n� �d�e�r� �B�e�e�k� �e�t� 

�a�l�. �� �f�o�u�n�d� �t�h�a�t� �x�, ��°� �f�o�r� �P�E�O� �o�n� �s�i�l�i�c�a� �w�a�s� �a�l�w�a�y�s� �g�r�e�a�t�e�r� �t�h�a�n� �x�, ��°� �f�o�r� �P�S� �o�n� �s�i�l�i�c�a� �d�u�e� 

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

�E�f�f�e�c�t� �o�f� �S�u�b�s�t�r�a�t�e� �C�h�e�m�i�s�t�r�y� 

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

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

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

�x�,�?�°�=�5�.�1� �f�o�r� �P�E�O� �o�n� �s�i�l�i�c�a� �w�a�s� �g�r�e�a�t�e�r� �t�h�a�n� �o�n� �a�l�u�m�i�n�a� �b�y� �1�.� �W�i�t�h� �t�h�e� �s�a�m�e� �s�o�l�v�e�n�t�,� �t�h�e� 

�a�d�s�o�r�p�t�i�o�n� �e�n�e�r�g�y� �o�f� �P�S� �o�n� �s�i�l�i�c�a� �w�a�s� �x�,�?�°�=�1�.�1� �w�h�e�r�e�a�s� �t�h�e� �a�d�s�o�r�p�t�i�o�n� �e�n�e�r�g�y� �o�f� �P�S� �o�n� 

�a�l�u�m�i�n�a� �f�r�o�m� �c�a�r�b�o�n� �t�e�t�r�a�c�h�l�o�r�i�d�e� �w�a�s� �l�o�w�e�r�,� �x�,�°�°�=�0�.�5�.� �T�h�e�s�e� �d�i�f�f�e�r�e�n�c�e�s� �a�r�e� �m�o�s�t� 

�l�i�k�e�l�y� �d�u�e� �t�o� �t�h�e� �g�r�e�a�t�e�r� �a�c�i�d�i�t�y� �o�f� �s�i�l�i�c�a�.� �T�h�e� �h�i�g�h� �v�a�l�u�e� �o�f� �5�.�1� �k�T� �f�o�r� �P�E�O� �o�n� �s�i�l�i�c�a� 

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

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

�C�O�N�C�L�U�S�I�O�N�S� 

�T�h�e� �a�d�s�o�r�p�t�i�o�n� �o�f� �p�o�l�y�(�2�-�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)�,� �P�E�O�X�,� �w�a�s� �s�t�u�d�i�e�d� �u�s�i�n�g� �t�h�e� 

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

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

�c�r�i�t�i�c�a�l� �s�e�g�m�e�n�t�a�l� �a�d�s�o�r�p�t�i�o�n� �p�a�r�a�m�e�t�e�r� �x�,�,� �-� �0�.�9�9� �i�n� �w�a�t�e�r� �a�n�d� �0�.�7�8� �i�n� �e�t�h�a�n�o�l� �-� �a�r�e� 

�c�o�n�s�i�s�t�e�n�t� �w�i�t�h� �t�h�e� �p�r�e�d�i�c�t�e�d� �v�a�l�u�e� �o�f� �0�.�2�8�8� �f�r�o�m� �t�h�e� �l�a�t�t�i�c�e� �t�h�e�o�r�y� �w�i�t�h� �t�h�e� �q�u�a�n�t�i�t�a�t�i�v�e� 

�d�i�f�f�e�r�e�n�c�e�s� �d�u�e� �t�o� �a�p�p�r�o�x�i�m�a�t�i�o�n�s� �i�n� �t�h�e� �l�a�t�t�i�c�e� �t�h�e�o�r�y�.� �T�h�e� �a�v�e�r�a�g�e� �v�a�l�u�e�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�, ��°� �w�e�r�e� �5�.�1� �a�n�d� �3�.�2� �i�n� �w�a�t�e�r� �a�n�d� �e�t�h�a�n�o�l�,� 

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

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

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

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

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

�r�e�l�a�t�i�v�e�l�y� �l�a�r�g�e� �m�a�g�n�i�t�u�d�e� �o�f� �x�, ��°� �f�o�r� �P�E�O�X� �i�n� �w�a�t�e�r� �a�n�d� �e�t�h�a�n�o�l� �s�u�g�g�e�s�t�s� �t�h�a�t� �P�E�O�X� 

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

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

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

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

�e�t�h�a�n�o�l� �w�h�i�c�h� �w�i�l�l� �b�e� �c�o�m�p�a�r�e�d� �w�i�t�h� �t�h�e� �v�a�l�u�e�s� �o�f� �x�,�?�°�.� �M�a�c�h�i�n�e� �s�i�m�u�l�a�t�i�o�n� �o�f� �s�o�l�v�e�n�t�-� 

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

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

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

�(�1�)� 

�(�2�)� 

�(�3�)� 

�(�4�)� 

�(�5�)� 

�(�6�)� 

�(�7�)� 

�(�8�)� 

�(�9�)� 

�(�1�0�)� 

�(�1�1�)� 

�(�1�2�)� 

�(�1�3�)� 

�(�1�4�)� 

�(�1�5�)� 
�(�1�6�)� 

�d�y�)� 

�M�i�l�n�e�r�,� �S�.�T�.� �S�c�i�e�n�c�e�,� �1�9�9�1�,� �2�5�1�,� �9�0�5�.� 

�B�u�s�c�a�l�l�,� �R�.�;� �O�t�t�e�w�i�l�l�,� �R�.�H�.� �"�S�t�a�b�i�l�i�t�y� �o�f� �P�o�l�y�m�e�r� �L�a�t�i�c�e�s�"�,� �C�h�a�p�t�e�r� �5� �i�n� �P�o�l�y�m�e�r� 

�C�o�l�l�o�i�d�s�;� �E�l�s�e�v�i�e�r� �A�p�p�l�i�e�d� �S�c�i�e�n�c�e� �P�u�b�l�i�s�h�e�r�s�;� �R�.� �B�u�s�c�a�l�l�,� �T�.� �C�o�r�n�e�r�,� �a�n�d� �J�.�F�.� 

�S�t�a�g�e�m�a�n�,� �e�d�s�.�,� �1�9�8�5�.� 

�N�a�p�p�e�r�,� �D�.� �A�.� �P�o�l�y�m�e�r�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�a�d�e�m�i�c� �P�r�e�s�s�:� 

�N�e�w� �Y�o�r�k�,� �1�9�8�3�.� 

�G�a�s�t�,� �A�.� �P�.�;� �M�u�n�c�h�,� �M�.�R�.� �C�o�l�l�o�i�d�s� �a�n�d� �S�u�r�f�a�c�e�s�,� �1�9�8�8�,� �3�1�,� �4�7�.� 

�G�a�s�t�,� �A�.� �P�.�;� �M�u�n�c�h�,� �M�.�R�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �1�9�8�8�,� �2�1�,� �1�3�6�6�.� 

�M�a�r�q�u�e�s�s�,� �C�.�M�.�;� �J�o�a�n�n�y�,� �J�.�F�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �1�9�8�9�,� �2�2�,� �1�4�5�1�.� 

�P�l�o�e�h�n�,� �H�.� �J�.�;� �R�u�s�s�e�l�,� �W�.� �B�.� �A�d�v�.� �C�h�e�m�.� �E�n�g�.� �1�9�9�0�,� �1�5�,� �1�3�7�.� 

�P�a�t�e�l�,� �S�.�;� �T�i�r�r�e�l�,� �M�.� �C�o�l�l�o�i�d� �S�u�r�f�.� �1�9�8�8�,� �3�1�,� �1�5�7�.� 

�H�a�i�r�,� �M�.� �L�.�;� �G�u�z�o�n�a�s�,� �D�.� �A�.�;� �B�o�i�l�s�,� �D�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �1�9�9�1�,� �2�4�,� �3�4�1�.� 

�G�u�z�o�n�a�s�,� �D�.� �A�.�;� �H�a�i�r�,� �M�.� �L�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �1�9�9�2�,� �2�5�,� �2�7�7�7�.� 

�W�u�,� �D�.�T�.�;� �Y�o�k�o�y�a�m�a�,� �A�.�;� �S�e�t�t�e�r�q�u�i�s�t�,� �R�.�L�.� �P�o�l�y�m�e�r� �J�o�u�r�n�a�l�,� �1�9�9�1�,� �2�3�,� �7�0�9�.� 

�L�i�u�,� �Q�.�;� �W�i�l�s�o�n�,� �G�.�R�.�;� �D�a�v�i�s�,� �R�.�M�.�;� �R�i�f�f�l�e�,� �J�.�S�.� �"�P�r�e�p�a�r�a�t�i�o�n� �a�n�d� �P�r�o�p�e�r�t�i�e�s� 

�o�f� �P�o�l�y�(�d�i�m�e�t�h�y�l�s�i�l�o�x�a�n�e�-�2�-�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)� �D�i�b�l�o�c�k� �C�o�p�o�l�y�m�e�r�s�"�,� �P�o�l�y�m�e�r�,� 

�1�9�9�3�,� �3�4�,� �3�0�3�0�.� 

�L�i�u�,� �Q�.�;� �K�o�n�a�s�,� �M�.�;� �D�a�v�i�s�,� �R�.�M�.�;� �R�i�f�f�l�e�,� �J�.�S�.� �J�.� �P�o�l�y�.� �S�c�i�.�:�P�a�r�t� �A�:� �P�o�l�y�m�e�r� 

�C�h�e�m�i�s�t�r�y�,� �1�9�9�3�,� �3�1�,� �1�7�0�9�.� 

�C�h�e�n�,� �C�.� �H�.�;� �W�i�l�s�o�n�,� �J�.� �E�.�;� �C�h�e�n�,� �W�.�;� �D�a�v�i�s�,� �R�.� �M�.�;� �R�i�f�f�l�e�,� �J�.� �S�.� �"�A� �L�i�g�h�t� 

�S�c�a�t�t�e�r�i�n�g� �S�t�u�d�y� �o�f� �P�o�l�y�(�2�-�a�l�k�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)�s�:� �E�f�f�e�c�t� �o�f� �T�e�m�p�e�r�a�t�u�r�e� �a�n�d� �S�o�l�v�e�n�t� 

�T�y�p�e ��,� �P�o�l�y�m�e�r�,� �a�c�c�e�p�t�e�d�,� �1�9�9�4�.� 

�C�h�e�n�,� �F�.� �P�.�;� �A�m�e�s�,� �A�.� �E�.�;� �T�a�y�l�o�r�,� �L�.� �D�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s� �1�9�9�0�,� �2�3�,� �4�6�8�8�.� 

�L�i�c�h�k�u�s�,� �A�.� �M�.�;� �P�a�i�n�t�e�r�,� �P�.� �C�.�;� �C�o�l�e�m�a�n�,� �M�.� �M�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s� �1�9�8�8�,� �2�1�,� 

�2�6�3�6�.� 

�S�i�l�b�e�r�b�e�r�g�,� �A�.� �J�.� �C�h�e�m�.� �P�h�y�s�.� �1�9�6�8�,� �4�8�,� �2�8�3�5�.� 
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�(�1�8�)� 
�(�1�9�)� 
�(�2�0�)� 

�(�2�1�)� 

�(�2�2�)� 

�(�2�3�)� 

�(�2�4�)� 

�(�2�5�)� 

�(�2�6�)� 

�(�2�7�)� 

�(�2�8�)� 

�(�2�9�)� 
�(�3�0�)� 
�(�3�1�)� 
�(�3�2�)� 
�(�3�3�)� 
�(�3�4�)� 

�(�3�5�)� 

�S�c�h�e�u�t�j�e�n�s�,� �J�.�M�.�H�.�M�.�;� �F�l�e�e�r�,� �G�.�J�.� �J�.� �P�h�y�s�.� �C�h�e�m�.�,� �1�9�7�9�,� �8�3�,� �1�6�1�9�.� 

�S�c�h�e�u�t�j�e�n�s�,� �J�.�M�.�H�.�M�.�;� �F�l�e�e�r�,� �G�.�J�.� �J�.� �P�h�y�s�.� �C�h�e�m�.�,� �1�9�8�0�,� �8�4�,� �1�7�8�.� 

�C�o�h�e�n� �S�t�u�a�r�t�,� �M�.� �A�.�;� �F�l�e�e�r�,� �G�.� �J�.�;� �S�c�h�e�u�t�j�e�n�s�,� �J�.� �M�.� �H�.� �M�.� �J�.� �C�o�l�l�o�i�d� �I�n�t�e�r�f�a�c�e� 

�S�c�i�.� �1�9�8�4�,� �9�7�,� �5�1�5�.� 

�C�o�h�e�n� �S�t�u�a�r�t�,� �M�.� �A�.�;� �F�l�e�e�r�,� �G�.� �J�.�;� �B�i�j�s�t�e�r�b�o�s�c�h�,� �B�.� �H�.� �J�.� �C�o�l�l�o�i�d� 

�I�n�t�e�r�f�a�c�e� �S�c�i�.� �1�9�8�2�,� �9�0�,� �(�a�)� �3�1�0�,� �(�b�)� �3�2�1�.� 

�T�r�e�n�s�,� �P�.�;� �D�e�n�o�y�e�l�,� �R�.� �L�a�n�g�m�u�i�r�,� �1�9�9�3�,� �8�,� �5�1�9�.� 

�L�a�f�u�m�a�,� �F�.�;� �W�o�n�g�,� �K�.�;� �C�a�b�a�n�e�,� �B�.� �J�.� �C�o�l�l�o�i�d� �S�u�r�f�,� �1�9�9�1�,� �1�4�3�,� �9�.� 

�C�o�h�e�n� �S�t�u�a�r�t�,� �M�.� �A�.�;� �F�l�e�e�r�,� �G�.� �J�.�;� �S�c�h�e�u�t�j�e�n�s�,� �J�.� �M�.� �H�.� �M�.� �J�.� �C�o�l�l�o�i�d� �I�n�t�e�r�f�a�c�e� 

�S�c�i�.� �1�9�8�4�,� �9�7�,� �5�2�6�.� 

�v�a�n� �d�e�r� �B�e�e�k�,� �G�.� �P�.�,� �"�D�i�s�p�l�a�c�e�m�e�n�t� �o�f� �A�d�s�o�r�b�e�d� �P�o�l�y�m�e�r�s�"�,� �P�h�.�D�.� �d�i�s�s�e�r�t�a�t�i�o�n�,� 

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

�U�n�i�v�e�r�s�i�t�y�,� �W�a�g�e�n�i�n�g�e�n�,� �T�h�e� �N�e�t�h�e�r�l�a�n�d�s�,� �1�9�9�1�.� 

�v�a�n� �d�e�r� �B�e�e�k�,� �G�.� �P�.�;� �C�o�h�e�n� �S�t�u�a�r�t�,� �M�.� �A�.�;� �F�l�e�e�r�,� �G�.� �J�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s� �1�9�9�1�,� 

�2�4�,� �6�6�0�0�.� 

�v�a�n� �d�e�r� �B�e�e�k�,� �G�.� �P�.�;� �C�o�h�e�n� �S�t�u�a�r�t�,� �M�.� �A�.�;� �F�l�e�e�r�,� �G�.� �J�.�;� �H�o�f�m�a�n�,� �J�.� �E�.� 

�L�a�n�g�m�u�i�r�,� �1�9�8�9�,� �5�,� �1�1�8�0�.� 

�K�a�w�a�g�u�c�h�i�,� �M�.�;� �Y�a�m�a�g�i�w�a�,� �S�.�;� �T�a�k�a�h�a�s�h�i�,� �A�.�;� �K�a�t�o�,� �T�.� �J�.� �C�h�e�m�.� �S�o�c�.� �F�a�r�a�d�a�y� 

�T�r�a�n�s�.�,� �1�9�9�0�,� �8�6�,� �1�3�8�3�.� 

�K�a�w�a�g�u�c�h�i�,� �M�.� �A�d�v�.� �C�o�l�l�o�i�d� �I�n�t�e�r�f�a�c�e� �S�c�i�.� �1�9�9�0�,� �3�2�,� �1�.� 

�K�a�w�a�g�u�c�h�i�,� �M�.�;� �C�h�i�k�a�z�a�w�a�,� �M�.�;� �T�a�k�a�h�a�s�h�i�,� �A�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �1�9�8�9�,� �2�2�,� �2�1�9�5�.� 

�K�a�w�a�g�u�c�h�i�,� �M�.�;� �H�a�d�a�,� �T�.�;� �T�a�k�a�h�a�s�h�i�,� �A�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s�,� �1�9�8�9�,� �2�2�,� �4�0�4�5�.� 

�K�o�r�n�,� �M�.�;� �K�i�l�l�m�a�n�n�,� �E�.� �J�.� �C�o�l�l�o�i�d� �I�n�t�e�r�f�a�c�e� �S�c�i�.� �1�9�8�0�,� �7�6�,� �1�9�.� 

�L�i�u�,� �Q�.�;� �K�o�n�a�s�,� �M�.�;� �R�i�f�f�l�e�,� �J�.�S�.� �M�a�c�r�o�m�o�l�e�c�u�l�e�s� �1�9�9�3�,� �2�6�,� �5�5�7�2�.� 

�C�A�B�-�O�-�S�I�L� �F�u�m�e�d� �S�i�l�i�c�a� �P�r�o�p�e�r�t�i�e�s� �a�n�d� �F�u�n�c�t�i�o�n�s�,� �G�.� �L�.� �C�a�b�o�t� �C�o�.� �C�a�b�-� 

�O�-�S�i�l� �D�i�v�i�s�i�o�n�,� �1�9�9�2�.� 

�V�i�n�k�,� �H�.� �E�u�r�o�p�e�a�n� �P�o�l�y�m�e�r� �J�o�u�r�n�a�l�,� �1�9�7�1�,� �7�,� �1�4�1�1�.� 
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�(�3�6�)� �F�i�n�c�h�,� �C�.�A�.� �i�n� �C�h�e�m�i�s�t�r�y� �a�n�d� �T�e�c�h�n�o�l�o�g�y� �o�f� �W�a�t�e�r�-�S�o�l�u�b�l�e� �P�o�l�y�m�e�r�s�;� �P�l�e�n�u�m� 

�P�r�e�s�s�:� �N�e�w� �Y�o�r�k�,� �C�.�A�.� �F�i�n�c�h�,� �e�d�.�,� �1�9�8�3�.� 
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�C�H�A�P�T�E�R� �4� 

�T�h�e� �S�o�l�u�t�i�o�n� �P�r�o�p�e�r�t�i�e�s� �a�n�d� �A�d�s�o�r�p�t�i�o�n� �B�e�h�a�v�i�o�r� �o�f� 
�P�o�l�y�(�2�-�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)� �o�n� �S�i�l�i�c�a� 

�A�B�S�T�R�A�C�T� 

�T�h�e� �a�d�s�o�r�p�t�i�o�n� �o�f� �p�o�l�y�(�2�-�e�t�h�y�l�-�2�-�o�x�a�z�o�l�i�n�e�)�(�P�E�O�X�)� �f�r�o�m� �w�a�t�e�r� �a�n�d� �a�l�c�o�h�o�l�s� �(�e�t�h�a�n�o�l�,� 

�i�s�o�p�r�o�p�a�n�o�l�,� �a�n�d� �n�-�b�u�t�a�n�o�l�)� �o�n� �C�a�b�-�O�-�S�i�l� �s�i�l�i�c�a� �w�a�s� �i�n�v�e�s�t�i�g�a�t�e�d� �b�y� �m�e�a�s�u�r�i�n�g� �P�E�O�X� 

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

�a�d�s�o�r�p�t�i�o�n� �a�m�o�u�n�t�,� �I�'�,�,� �v�s�.� �l�o�g�(�m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�,� �M�W�)� �w�a�s� �o�b�t�a�i�n�e�d�,� �w�h�i�c�h� �a�g�r�e�e�d� 

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

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

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

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

�c�o�m�p�e�t�i�t�i�v�e� �a�d�s�o�r�p�t�i�o�n� �o�f� �P�E�O�X� �w�i�t�h� �o�t�h�e�r� �p�o�l�y�m�e�r�s�,� �w�h�i�c�h� �i�n�c�l�u�d�e� �p�o�l�y�(�e�t�h�y�l�e�n�e� 

�o�x�i�d�e�)�(�P�E�O�)� �a�n�d� �p�o�l�y�(�p�r�o�p�y�l�e�n�e� �o�x�i�d�e�)�(�P�P�O�)� �i�n� �s�e�v�e�r�a�l� �a�l�c�o�h�o�l�s� �a�n�d� �w�a�t�e�r�.� �P�E�O�X� �s�h�o�w�s� 

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

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

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

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

�I�N�T�R�O�D�U�C�T�I�O�N� 

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

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

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