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A COMPARATIVE STUDY OF THE THERMAL OXIDATIVE 

STABILITY OF HIGH OLEIC ACID SUNFLOWER AND 

POLYUNSATURATED SOYBEAN OIL BLENDS. 

BY 

Troy A. Wilkerson 

(ABSTRACT) 

The thermal oxidative stability was evaluated for 7 high oleic 

acid sunflower (HOSO) and polyunsaturated soybean oil (PUSB) blends 

ranging from 0.0% to 100.0% of each vegetable oil. Each blend was 

evaluated in quadruplicate over an eleven day period with 300 

minutes of heating at 180°C per day. Thermal oxidative stability 

was determined by changes in peroxide values (PV), fatty acid and 

triglyceride composition, and percentage of major volatile products 

(%MVP). A 2 Way ANOVA, simultaneous confidence intervals, trend 

analysis, and Paired t-Test, each with a set p value of (0.01) were 

used for the statistical analysis. 

The triolein (OOO), trilinolein (LLL), and fatty acid contents were 

significantly different (p< 0.01) between each blend before and after 

heating, with the exception of stearic acid levels, which were not 

significantly different between each blend. Thermal = stability



increased for the triglycerides and fatty acids as the degree of 

saturation increased: (Saturated > Monoenic > Polyenic). The addition 

of HOSO to PUSB increased the thermal oxidative stability of all the 

blends when compared to the 100% PUSB. The PV and %MVP 

increased as the levels of OQQO decreased and the levels of LLL 

increased in the blends. The blends with a (1:1) ratio of each 

vegetable oil experienced a unique breakdown pattern. The monoenic 

fatty acid levels decreased and the polyenic fatty acid levels 

increased for this blend only. Overall, blends with 10% to 75% HOSO 

addition performed equally as well in the thermal oxidative stability 

testing.
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CHAPTER I. 

INTRODUCTION 

Vegetable oils are derived from the seeds of plant crops such as 

sunflower, soybean, corn, canola, peanut, and cotton seed (McGinely, 

1991). Vegetable oils are composed largely of triglycerides 

(triacylglycerol), which are composed of three fatty acids esterified 

to a molecule of glycerol. The fatty acid composition and 

arrangement on the triglycerides ultimately determines’ the 

stability of a vegetable oil (Neff, et. al, 1993). Research (Adachi, et. 

al, 1995) has shown that there is a positive correlation between 

vegetable oi! stability and the level of saturation of constituent 

fatty acids. Hence, fatty acids with no double bonds (saturated) are 

more stable than fatty acids with one double bond 

(monoenic/monounsaturated), which are more stable than fatty acids 

with 2 or more double bonds (polyenic/polyunsaturated). The term 

stability is used to indicate the resistance of a fatty acid or 

triglyceride to degradation under conditions such as oxidation and 

polymerization. Research (Neff, et. al, 1993; Raghuveer and 

Hammond, 1966) has also shown that the positioning of the fatty 

acid on the triglyceride can lead to changes in the triglyceride’s 

stability. 

Vegetable oils are currently used on a wide scale, ranging from 

deep-frying in the restaurant and fast food industries, production of



snack food items such as corn and potato chips, precooked frozen 

food items, such as french fries and chicken strips, and consumer 

home use. The stability of the vegetable oil is of extreme 

importance, particularly in the fast food and snack food industries. 

A quicker rate of vegetable oil breakdown leads to greater costs and 

a decrease in the quality of the fried food and snack food items 

(Warner, et. al 1994). At present, many attempts are being employed 

to increase the vegetable oil’s stability by altering the fatty acid 

content and triglyceride composition of oils. However, 

hydrogenation (also partial hydrogenation or saturation) is the 

number one method for increasing the vegetable oil’s stability. 

Hydrogenation increases the stability of the vegetable oil by 

randomly saturating the monoenic and polyenic fatty acid contents, 

often using a nickel catalyst and hydrogen gas. The hydrogenated 

vegetable oils experience a greater degree of stability and an 

increased order of triglyceride crystal packing (Gunstone, 1986b). 

The improved vegetable oil qualities are related to the production of 

trans-fatty acids such as elaidic acid (trans-9-oleic acid), (Small, 

1986). Unfortunately, the presence of trans-fatty acids have been 

associated with coronary artery disease by inducing an increase in 

low density lipoprotein levels (LDL) and a decrease in high density 

lipoprotein levels (HDL) when consumed in the diet (Zock and Katan, 

1992). 

Hydrogenated vegetable oils are currently the number one



vegetable oils used in the fast food and snack food industries, 

regardless of the potential health problems they pose. Pick up any 

snack food item that has been prepared using a vegetable oil, and 

chances are 90.0% or greater that the term partially hydrogenated 

vegetable oil will appear on the label. 

A number of concerned investigators (Neff, et. al, 1994a; Frankel 

and Huang, 1994; Dobarganes, et. al, 1993; O’Keefe, et. al, 1993; 

Warner and Mounts, 1993) are currently seeking alternatives to 

hydrogenation which will produce vegetable oils of equal or greater 

stability without the production of trans-fatty acids. These 

alternatives are all based on increasing the vegetable oil’s stability 

by decreasing the level of polyunsaturation and by rearrangement of 

the fatty acids on the triglyceride.  Interesterification has been 

used by Neff, et. al (1994a) to randomly rearrange the linoleic acid 

(C18:2) content of polyunsaturated canola oils. Unfortunately, the 

interesterified canola blends experienced an overall decrease in 

stability when compared to the unaltered canola oils. Genetic 

modification of polyunsaturated seed oils has been used 

successfully by Kinney (1994) to produce oil-bearing seeds with an 

increased level of monoenic fatty acids. Research (Dobarganes, et. 

al, 1993) has shown that genetically modified vegetable oils such as 

high oleic acid sunflower oil experienced an increase in stability 

when compared to unaltered sunflower oils. Unfortunately, genetic 

modification of seed oils, which alter the expression of fatty acids 

in the developing seed by enzymatic regulation, have their



limitations as well. Research (Langstraat, 1976) has shown that 

developing seed oils, such as soybean and sunflower oil are prone to 

changes induced by temperature and climate. Increased levels of 

polyenic fatty acids are associated with seed oil crops grown in 

temperate and cooler climates (McCormik, et. al, 1992; Wilcox and 

Cavins, 1992). The genetically modified vegetable oils are prone to 

the same changes in fatty acid composition in the developing seed 

oils resulting from climatic change (Wilcox and Cavins, 1992). 

Therefore, the use of genetic modification is less suitable for seed 

oil crops grown in cooler climates. Research (Knutzon, et. al, 1992) 

has shown that a decreased level of polyenic fatty acids lead to a 

decrease in seed oil yield for temperate climate seed oil-bearing 

crops. 

The simplest and most effective alternative to vegetable oil 

hydrogenation is vegetable oil blending using high oleic acid and 

polyenic vegetable oils. Vegetable oil blending using high oleic acid 

sunflower and polyenic soybean oil has been documented to increase 

the stability of polyenic vegetable oils (Frankel and Huang, 1994). 

The vegetable oil blends experienced a positive correlation with an 

increased level of high oleic acid sunflower oil content and an 

increase in_ stability. Unfortunately, only basic trends were 

identified, such as the correlation of hexanal peak areas to peroxide 

values. However, the major fatty acids and_ triglycerides 

contributing to the breakdown of the vegetable oil blends were not 

accounted for by the use of hexanal as an indicator.



The complete picture of vegetable oil breakdown is often 

unclear. Generally, quality indicators such as acid values, peroxide 

values, or simply changes in color and texture are used. These 

methods are adequate for on the spot assessment of the vegetable 

oil or frying oil. However, these methods reveal very little 

information about what leads to the deterioration of the vegetable 

oil. In order to predict or estimate the performance of a vegetable 

oil under such conditions the individual fatty acids and triglycerides 

must be taken into account. Furthermore, analyses which monitor 

the production of intermediate hydroperoxides, the liberation of 

polar components and polymers, and the production of end volatile 

products must be used. Otherwise, the performance of the vegetable 

oils and blends can not be compared and contrasted based on the 

differences in composition. 

Once the relative thermal oxidative stability is determined for 

each of the vegetable oil blends, the blends with the greatest 

thermal oxidative stability can be compared against the 

hydrogenated vegetable oils which are currently in wide use in the 

fast food and snack food industries. The blend analysis should also 

clarify what levels of high oleic acid sunflower oil can be added to 

polyunsaturated vegetable oils such as soybean oil to improve the 

frying performance of the polyunsaturated soybean oil while 

maximizing the usage of the high oleic acid sunflower oil. In certain 

cases the availability of high oleic acid sunflower oil or the 

polyunsaturated vegetable oil may become a limiting factor in



formulation of vegetable oil blends. In such cases, it would be 

advantageous to know how the various blends perform, especially 

when the quality of a fried food or snack food is at stake. 

The objectives of this study were as follows: 

1. To evaluate the thermal oxidative stability of high oleic acid and 

polyunsaturated soybean oil blends ranging from 0.0% to 100.0% of 

each vegetable oil without the addition of food. 

2. To determine if these blends exhibit certain patterns in thermal 

oxidation which can be directly attributed to the blend 

composition. 

3. To establish a ranking system for the thermal stability of fatty 

acids and the triglycerides triolein and trilinolein occurring in 

the vegetable oil blends. 

4. To establish an overall thermal oxidative stability ranking 

system for the vegetable oil blends used in this study which 

clearly indicates the impact of adding high oleic acid sunflower 

oil to polyunsaturated soybean oil at the following levels: 

(1) 100%, (2) 90%, (3) 75%, (4) 50%, (5) 25%, (6) 10%, and (7) 0%.



CHAPTER Il. 

LITERATURE REVIEW 

A. Vegetable Oil Composition and Characteristics 

A. 1. An Overview of Vegetable Oils and Their Composition 

Vegetable oils are derived from the seeds of plant crops such as 

sunflower, soybean, corn, peanut, rapeseed, and cottonseed 

(McGinley, 1991). In some cases, the oil is derived from the fruit, 

such as palm oil (Van Ness, 1981). Each of the oils mentioned are 

very similar in that they are composed largely of triglycerides 

(triacylglycerol) after refinement, yet each of the oils have their 

own unique properties. The differences and similarities arise from 

the fatty acid composition of the triglycerides (Frankel and Huang, 

1994; Neff, et al., 1993), and the crystalline structures of the 

triglycerides (Raghuveer and Hammond, 1966; Gunstone, 1986b). 

Factors such as the thermal oxidative stability of a frying oil are 

ultimately determined by the triglyceride composition and degree of 

unsaturation (Neff, et al., 1994b; Warner, et al., 1994). Palm oil due 

to its high levels of palmitic acid (C16:0) and low levels of 

polyunsaturated fatty acids, exhibits a higher melting point with a 

narrower melting point range (Langstraat, 1976). It is obvious that 

subtle differences in the triglyceride composition and structure can 

greatly influence a vegetable or fruit oil's usability.



A. 2. Fatty Acid Composition of Vegetable Oils 

Fatty acids (alkanoic acids) are aliphatic structures 

that range from 2 to 30 carbons in chain length, containing 

a methyl (-CH,) terminal end and a carboxylic acid (-COOH) primary 

end (Gunstone, 1986a). The average carbon~ chain 

length for the fatty acids common to vegetables oils are 

between 12 and 24 carbons in length. Aliphatic structures are 

defined as compounds consisting largely of hydrocarbons or being 

alkane-like (Solomons, 1992a). Most naturally occurring fatty acids 

have even numbers of carbons in the carbon chain and are unbranched 

(Gunstone, 1986a). Table 1. lists some of the more common fatty 

acids found in vegetable oils. 

Fatty acids generally are divided into two broad classes, 

saturated and unsaturated. Compounds which contain only single 

bonds (sigma bonds) in the polymethylene region are classified as 

saturated, where compounds with one or more double bonds (pi 

bonds) are classified as unsaturated (Solomons, 1992d). Hence, the 

monousaturated (monoenic) refers to a fatty acid with only one 

double bond, and polyunsaturated (dienic and trienic) refers to a 

compound with two or more double bonds. The presence of 

double bonds in a fatty acid greatly influences the rate at which the 

fatty acid decomposes. Fatty acids with increased numbers of 

double bonds have been shown (Adachi, et al., 1995) to decompose 

more rapidly than saturated fatty acids. A great deal of research



Table 1. Fatty acid composition of common vegetable oils, 
expressed as % of total weight per 100.0 milligrams. 

  

  
  

  

    
  

  
  

    
      

Vegetable | C16:0 C18:0 C18:1 C18:2 C18:3 

Oil 

Corn 13 3 28 53 1 

Olive 13 3 73 9 1 

|Peanut 12 3 53 26 2 

[Soybean | 12 4 24 = «(154 7 
Sunflow- |6 5 20 69 0 

er 

HSunflow | 4 5 81 6 0 

er 
a (a 

(Mead, et. al, 1986) 

Notes: 

1. ©C16:0 = Palmitic acid 

2. C18:0 = Stearic acid 

3. C€18:1 = Oleic acid 

4. C18:2 = Linoleic acid 

5. C18:3 = Linolenic acid 

6. H = High oleic acid sunflower oil 
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 �� �C�H�e� �j�e� �_�~�  ¬�*� �a� �3�0� �k�c�a�l�/�m�o�l� �\�.� �é� 

�f� �=�<�  ��< �� �\� �_� 

�H� �H�i� �C�H�3� 

�c�i�s� 

�F�i�g�u�r�e� �3�.� �R�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �f�a�t�t�y� �a�c�i�d� �c�i�s� �a�n�d� �t�r�a�n�s� �i�s�o�m�e�r�i�z�a�t�i�o�n�.� 
�(�M�e�a�d�,� �e�t�.� �a�l�,� �1�9�8�6�)� 
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�«�&� 
�b�y� 
�K�K� � � 

�0�2�4�A� 

�F�i�g�u�r�e� �4�.� �a�.� �C�h�a�i�n� �t�i�l�t� �o�c�c�u�r�r�i�n�g� �i�n� �o�l�e�i�c� �a�c�i�d� �a�s� �a� �r�e�s�u�l�t� �o�f� �c�i�s�-� 
�i�s�o�m�e�r�i�z�a�t�i�o�n�.� �(�G�u�n�s�t�o�n�e�,� �1�9�8�6�b�)� 
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�T�h�e� �f�i�n�a�l� �c�o�n�s�i�d�e�r�a�t�i�o�n� �t�o� �t�a�k�e� �i�n�t�o� �a�c�c�o�u�n�t� �i�s� �t�h�e� �c�o�n�f�o�r�m�a�t�i�o�n� 

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

�c�h�a�i�n�.� �R�e�s�e�a�r�c�h� �(�M�e�a�d�,� �e�t� �a�l�.�,� �1�9�8�6�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� �a�t� �2�5� �d�e�g�r�e�e�s� 

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

�c�o�n�f�o�r�m�a�t�i�o�n�s�,� �6�6�%� �a�n�d� �3�4�%� �r�e�s�p�e�c�t�i�v�e�l�y�.� �T�h�e� �c�o�n�f�o�r�m�a�t�i�o�n� �r�e�f�e�r�s� 

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

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

�c�o�n�f�o�r�m�a�t�i�o�n�s� �(�S�o�l�o�m�o�n�s�,� �1�9�9�2�c�)�.� �T�h�e� �b�a�s�i�c� �c�o�n�c�e�p�t� �i�s� �t�h�a�t� �t�h�e� 

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

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

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

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

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

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

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

�c�o�n�f�o�r�m�a�t�i�o�n� �(�M�e�a�d�,� �e�t� �a�l�.�,� �1�9�8�6�)�.� �T�h�e� �e�c�l�i�p�s�e� �c�o�n�f�o�r�m�a�t�i�o�n� �i�s� �t�h�e� 

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

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

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

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

�c�o�n�s�t�i�t�u�e�n�t� �f�a�t�t�y� �a�c�i�d�s�.� 

�A�.� �3�.� �T�r�i�g�l�y�c�e�r�i�d�e� �C�o�m�p�o�s�i�t�i�o�n� �a�n�d� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 
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�s�t�e�a�n�c� �a�c�i�d�:� 

�m� �H�H� �!� �H�H� 
�:� �o�o� �C�H�,� �o�C� �C� �\� �~� �i�)� 

�4� �R�e� �C�H�S� �C�,� �C�H� 
�H�H� �H�H� 

�n�-�b�u�t�a�n�e� 

�F�i�g�u�r�e� �5�.� �C�o�n�f�i�r�m�a�t�i�o�n� �o�f� �s�t�e�a�r�i�c� �a�c�i�d� �w�i�t�h� �f�r�e�e� �r�o�t�a�t�i�o�n� �a�b�o�u�t� �t�h�e� 
�s�i�g�m�a� �p�o�l�y�m�e�t�h�y�l�e�n�e� �b�o�n�d�s�.� �(�M�e�a�d�,� �e�t�.� �a�l�,� �1�9�8�6�)� 
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�u�s� �P�R�s� �C�H�,� �(�C�H�)� 

�v�i�e�w�:� �I�e�-�-�- ��e�  � ��C�.�,� �y�e�s� �N�e�w�r�n�o�n� �p�r�o�j�e�c�t�i�o�n�:� �Q�D� �(�2�0�°�)� 
�H �� �V�o� �(�H�H� �M�(�H�}� 

�H� �H� 
�A� �a� �C�-�C� �e�c�h�i�p�s�e� 

�(�s�y�n�p�l�o�n�a�r�}� 

�H�o�l�d� �a�r�r�a�y� �A� �w�h�i�l�e� �r�o�t�a�t�i�n�g� �o�r�r�a�y� �8� �c�l�o�c�k�w�i�s�e� �t�o� �d�i�f�f�e�r�e�n�t� �d�i�h�e�d�r�a�l� �a�n�g�l�e�s� �(�r�)�:� 

�+�6�0�"� �+�1�2�0�"� �£�1�8�0�"� �+�2�4�0�'�t�e�-�2�d�)� �+�3�0�0� �(�*�-�6�0�"�)� 

�C�H� �C�H�,� �(�p�H�)� �C�H� �C�H�,� �{�H�)� �C�H�,� 

�M�a�t� �a ��  ��h�y� �b� �o�a�d� 
�H�T� �*�H� �(�H�)� �4� �H�(�C�H�y�)� �H�°� �T�H� �(�C�H�y�J�H�~ �� �~� �H�(�H�)� �H�°�T� �~�H� 

�4� �C�H�,� �4� 

�g�a�u�c�h�e� �C�-�H�e�c�i�i�p�s�e� �o�n�t�i� �C�-�H�e�c�t�i�p�s�e �� �q�o�u�c�h�e �� 
�(�*�s�y�n�c�l�i�n�a�l� �)� �{�+� �a�n�t�i�c�l�i�n�e�!�)� �(�a�n�t�i�p�i�o�n�a�r�}� �(�-�a�n�n�e�l�i�n�a�l�)� �{�-�s�y�n�c�t�i�n�a�l�)� 

�F�i�g�u�r�e� �6�.� �N�e�w�m�a�n� �p�r�o�j�e�c�t�s�:� �P�o�s�s�i�b�l�e� �a�r�r�a�y�s� �o�f� �f�a�t�t�y� �a�c�i�d� 
�h�y�d�r�o�c�a�r�b�o�n� �c�h�a�i�n�s�.� �(�M�e�a�d�,� �e�t�.� �a�l�,� �1�9�8�6�)� 
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�T�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� �t�r�i�g�l�y�c�e�r�i�d�e�s� �a�r�e� �l�a�r�g�e�l�y� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� 

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

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

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

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

�v�e�g�e�t�a�b�l�e� �o�i�l�s�,� �c�o�n�s�t�i�t�u�t�i�n�g� �9�8�%� �o�r� �g�r�e�a�t�e�r� �o�f� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l� 

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

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

�(�V�a�n� �N�e�s�s�,� �1�9�8�1�)� �a�n�d� �d�e�p�e�n�d� �o�n� �c�l�i�m�a�t�e�,� �r�e�g�i�o�n�,� �a�n�d� �t�i�m�e� �o�f� 

�h�a�r�v�e�s�t�i�n�g� �(�M�c�C�o�r�m�i�k�,� �e�t� �a�l�.�,� �1�9�9�2�;� �W�i�l�c�o�x� �a�n�d� �C�a�v�i�n�s�,� �1�9�9�2�)�.� 

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

�o�i�l�s� �o�f� �d�i�f�f�e�r�e�n�t� �t�r�i�g�l�y�c�e�r�i�d�e� �c�o�m�p�o�s�i�t�i�o�n� �(�K�i�n�n�e�y�,� �1�9�9�4�;� �K�n�u�t�z�o�n�,� �e�t� 

�a�l�.�,� �1�9�9�2�)�.� �T�r�i�g�l�y�c�e�r�i�d�e�s� �(�t�r�i�a�c�y�l�g�l�y�c�e�r�o�l�s�)� �a�r�e� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� 

�e�s�t�e�r�i�f�i�c�a�t�i�o�n� �(�c�o�n�d�e�n�s�a�t�i�o�n�)� �o�f� �3� �f�a�t�t�y� �a�c�i�d�s� �t�o� �a� �s�i�n�g�l�e� �g�l�y�c�e�r�o�l� 

�(�G�u�n�s�t�o�n�e�,� �1�9�8�6�b�)�.� �I�n� �t�h�i�s� �p�r�o�c�e�s�s� �o�n�e� �m�o�l�e� �o�f� �w�a�t�e�r� �i�s� �l�i�b�e�r�a�t�e�d� 

�f�o�r� �e�v�e�r�y� �f�a�t�t�y� �a�c�i�d� �e�s�t�e�r�i�f�i�e�d� �t�o� �t�h�e� �g�l�y�c�e�r�o�l�.� �A� �t�o�t�a�l� �o�f� �3� �m�o�l�e�s� �o�f� 

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

�i�s� �a� �g�l�y�c�e�r�o�l� �(�t�r�i�a�c�y�l�g�l�y�c�e�r�o�l�)� �c�o�n�t�a�i�n�i�n�g� �3� �f�a�t�t�y� �a�c�i�d�s�.� �H�e�n�c�e�,� 

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

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

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

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

�p�r�o�p�e�r�t�i�e�s� �(�S�m�a�l�l�,� �1�9�9�6�)� �l�e�a�d�i�n�g� �t�o� �d�i�f�f�e�r�e�n�t� �p�o�s�s�i�b�l�e� �g�l�y�c�e�r�o�l�-� 

�b�a�s�e�d� �s�t�r�u�c�t�u�r�e�s�.� 

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

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

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

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

�b�e�t�a�,� �a�n�d�,� �a�l�p�h�a �� �o�r� �t�h�e� �s�n� �1�,� �2�,� �a�n�d� �3� �(�G�u�n�s�t�o�n�e�,� �1�9�8�6�b�)�.� �T�h�e� �s�n� 

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

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

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

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

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

�t�r�i�g�l�y�c�e�r�i�d�e�s� �a�r�e� �d�o�c�u�m�e�n�t�e�d� �(�S�m�a�l�l�,� �1�9�8�6�;� �N�a�w�a�r�,� �1�9�8�5�;� �G�u�n�s�t�o�n�e�,� 

�1�9�8�6�d�)�.� �T�h�e� �c�r�y�s�t�a�l�l�i�n�e� �f�o�r�m�s� �a�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �a�s� �h�e�x�a�g�o�n�a�l� �(�A�)�,� 

�o�r�t�h�o�r�h�o�m�b�i�c� �(�8�'�)�,� �a�n�d� �t�r�i�c�l�i�n�i�c� �(�B�)�.� �T�h�e� �c�r�y�s�t�a�l� �p�a�c�k�i�n�g� �i�n�c�r�e�a�s�e�s� �i�n� 

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

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

�m�e�i�t�i�n�g� �p�o�i�n�t� �(�S�m�a�l�l�,� �1�9�8�6�)�.� �T�h�e� �t�r�i�g�l�y�c�e�r�i�d�e�s� �e�x�h�i�b�i�t� 

�p�o�l�y�m�o�r�p�h�i�s�m�,� �w�h�e�r�e� �a�n�y� �o�f� �t�h�e� �3� �m�a�j�o�r� �c�r�y�s�t�a�l�l�i�n�e� �s�t�a�t�e�s� �c�a�n� 

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

�o�f� �c�o�o�l�i�n�g� �(�G�u�n�s�t�o�n�e�,� �1�9�8�6�d�)�.� 

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

�c�o�m�m�o�n�l�y� �p�a�c�k� �i�n� �a� �b�i�l�a�y�e�r� �s�t�r�u�c�t�u�r�e� �(�N�a�w�a�r�,� �1�9�8�5�)�.� �I�n� �t�h�e� �b�i�l�a�y�e�r� 

�s�y�s�t�e�m� �t�h�e� �s�n� �1� �a�n�d� �2� �p�o�s�i�t�i�o�n�s� �p�o�i�n�t� �i�n� �o�p�p�o�s�i�t�e� �d�i�r�e�c�t�i�o�n�s�,� 

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

�a�l�k�y�l� �r�e�g�i�o�n�s� �o�f� �t�h�e� �f�a�t�t�y� �a�c�i�d� �s�i�d�e� �c�h�a�i�n�s� �(�G�u�n�s�t�o�n�e�,� �1�9�8�6�c�)�.� 
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�H�o�w�e�v�e�r�,� �w�h�e�n� �t�h�e� �f�a�t�t�y� �a�c�i�d� �s�i�d�e� �c�h�a�i�n�s� �a�r�e� �s�i�g�n�i�f�i�c�a�n�t�l�y� �d�i�f�f�e�r�e�n�t� 

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

�1�9�8�6�)�.� �F�i�g�u�r�e� �7�.� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �b�i�l�a�y�e�r� �a�n�d� �t�r�i�l�a�y�e�r� �t�r�i�g�l�y�c�e�r�i�d�e� 

�p�a�c�k�i�n�g� �s�t�r�u�c�t�u�r�e�s�.� 

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

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

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

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

�a�l�.�,� �1�9�7�1�;� �D�o�b�a�r�g�a�n�e�s�,� �e�t� �a�l�.�,� �1�9�9�3�;� �F�r�a�n�k�e�l� �a�n�d� �H�u�a�n�g�,� �1�9�9�4�;� 

�K�n�u�t�z�o�n�,� �e�t� �a�l�.�,� �1�9�9�2�;� �N�e�f�f�,� �e�t� �a�l�.�,� �1�9�9�4�a�)� �h�a�v�e� �t�a�k�e�n� �a�d�v�a�n�t�a�g�e� �o�f� 

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

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

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

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

�a�u�t�o�x�i�d�a�t�i�o�n� �(�R�a�g�h�u�v�e�e�r� �a�n�d� �H�a�m�m�o�n�d�,� �1�9�6�6�)�.� 

�A�.� �4�.� �T�r�a�c�e� �C�o�m�p�o�n�e�n�t�s� �o�f� �V�e�g�e�t�a�b�l�e� �O�i�l�s� 

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

�v�e�g�e�t�a�b�l�e� �o�i�l�s� �d�u�r�i�n�g� �t�h�e� �r�e�f�i�n�e�m�e�n�t� �p�r�o�c�e�s�s� �(�L�a�n�g�s�t�r�a�a�t�,� �1�9�7�6�;� �V�a�n� 

�N�e�s�s�,� �1�9�8�1�;� �A�c�k�m�a�n�,� �1�9�8�3�;�M�c�C�o�r�m�i�k�,� �e�t� �a�l�.�,� �1�9�9�2�;� �M�c�G�i�n�l�e�y�,� �1�9�9�1�)�.� 

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

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

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

�2�2
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�F�i�g�u�r�e� �7�.� �T�r�i�g�l�y�c�e�r�i�d�e� �b�i�l�a�y�e�r� �a�n�d� �t�r�i�l�a�y�e�r� �p�a�c�k�i�n�g� �s�t�r�u�c�t�u�r�e�s�.� 
�(�S�m�a�l�l�,� �1�9�8�6�)� 
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�l�a�r�g�e�l�y� �c�o�n�s�i�s�t� �o�f� �f�r�e�e� �f�a�t�t�y� �a�c�i�d�s�,� �m�o�n�o�g�l�y�c�e�r�i�d�e�s�,� �a�n�d� �d�i�g�l�y�c�e�r�i�d�e�s�.� 

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

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

�1�9�8�1�)� �a�n�d� �d�u�e� �t�o� �i�n�c�r�e�a�s�e�d� �l�e�v�e�l�s� �o�f� �l�i�p�a�s�e� �a�c�t�i�v�i�t�y� �f�o�u�n�d� �i�n� �t�h�e� 

�s�e�e�d� �o�r� �f�r�u�i�t� �o�i�l� �(�L�a�n�g�s�t�r�a�a�t�,� �1�9�7�6�)�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �f�r�e�e� �f�a�t�t�y� 

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

�t�h�u�s�,� �p�r�o�d�u�c�t�i�o�n� �o�f� �o�f�f� �f�l�a�v�o�r�s� �(�V�e�r�c�e�l�l�o�t�t�i�,� �e�t� �a�l�.�,� �1�9�9�2�)�.� �F�r�e�e� �f�a�t�t�y� 

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

�i�n�t�a�c�t� �t�r�i�g�l�y�c�e�r�i�d�e� �f�a�t�t�y� �a�c�i�d�s� �(�A�d�a�c�h�i�,� �e�t� �a�l�.�,� �1�9�9�5�;� �R�o�b�a�r�d�s�,� �e�t� �a�l�.�,� 

�1�9�8�8�)�.� �T�h�e� �p�r�e�s�e�n�c�e� �o�f� �m�o�n�o�g�l�y�c�e�r�i�d�e�s� �a�n�d� �d�i�g�l�y�c�e�r�i�d�e�s� �i�n�t�e�r�r�u�p�t� 

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

�t�e�m�p�e�r�a�t�u�r�e� �a�t� �w�h�i�c�h� �t�h�e� �o�i�l� �m�e�l�t�s� �(�S�m�a�l�l�,� �1�9�8�6�)�.� �V�e�g�e�t�a�b�l�e� �o�i�l�s� 

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

�o�n� �l�o�w�e�r�i�n�g� �t�h�e� �s�m�o�k�e� �p�o�i�n�t� �(�F�r�i�t�s�c�h�,� �1�9�8�1�)� �w�h�e�n� �u�s�e�d� �a�s� �a� �f�r�y�i�n�g� 

�o�i�l�.� 

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

�c�o�b�a�l�t�,� �a�n�d� �n�i�c�k�e�l�)� �r�a�n�g�i�n�g� �f�r�o�m� �1� �p�p�m� �t�o� �1�0� �p�p�m� �a�n�d� �m�u�s�t� �b�e� 

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

�s�p�o�i�l�a�g�e� �d�u�r�i�n�g� �s�t�o�r�a�g�e� �(�V�a�n� �N�e�s�s�,� �1�9�8�1�)�.� �T�r�a�n�s�i�t�i�o�n� �m�e�t�a�l�s� �f�o�u�n�d� 

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

�a�u�t�o�x�i�d�a�t�i�o�n� �(�P�o�k�o�r�n�y�,� �1�9�8�7�)�.� �T�h�e� �c�o�l�o�r� �o�f� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l� �i�s� 

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

�d�e�r�i�v�a�t�i�v�e�s� �i�n� �s�o�m�e� �c�a�s�e�s� �(�V�a�n� �N�e�s�s�,� �1�9�8�1�)�.� �P�i�g�m�e�n�t�s� �a�r�e� �r�e�m�o�v�e�d� 

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

�1�9�8�1�)�.� 
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�O�t�h�e�r� �c�o�m�p�o�n�e�n�t�s� �s�u�c�h� �a�s� �s�t�e�r�o�l�s�,� �p�h�o�s�p�h�a�t�i�d�e�s�,� �a�n�d� �t�o�c�o�p�h�e�r�o�l�s� 

�(�v�i�t�a�m�i�n� �E�)� �o�c�c�u�r� �a�t� �v�a�r�i�e�d� �l�e�v�e�l�s�,� �a�n�d� �a�r�e� �a�l�s�o� �g�e�n�e�r�a�l�l�y� �r�e�m�o�v�e�d� 

�d�u�r�i�n�g� �r�e�f�i�n�e�m�e�n�t� �(�V�a�n� �N�e�s�s�,� �1�9�8�1�)�.� �T�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �c�o�n�t�r�i�b�u�t�o�r� 

�t�o� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l�'�s� �s�t�a�b�i�l�i�t�y� �i�s� �t�h�e� �l�e�v�e�l� �o�f� �n�a�t�u�r�a�l�l�y� �o�c�c�u�r�r�i�n�g� 

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

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

�(�1�9�8�7�)� �d�e�f�i�n�e�s� �a�n�t�i�o�x�i�d�a�n�t�s� �a�s� �s�u�b�s�t�a�n�c�e�s� �t�h�a�t� �a�c�t�i�v�e�l�y� �s�u�p�p�r�e�s�s� 

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

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

�m�e�c�h�a�n�i�s�m�s� �a�r�e� �p�r�o�p�o�s�e�d�:� �a� �f�r�e�e� �r�a�d�i�c�a�l� �a�n�d� �a� �f�r�e�e� �r�a�d�i�c�a�l�/�i�o�n�i�c� 

�m�e�c�h�a�n�i�s�m� �(�S�i�m�i�c�,� �e�t� �a�l�.�,� �1�9�9�2�)�.� �T�h�e� �f�r�e�e� �r�a�d�i�c�a�l� �m�e�c�h�a�n�i�s�m� 

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

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

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

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

�b�y� �d�e�l�o�c�a�l�i�z�a�t�i�o�n�.� �T�h�e� �s�e�c�o�n�d� �m�e�c�h�a�n�i�s�m� �(�S�i�m�i�c�,� �e�t� �a�l�.�,� �1�9�9�2�)� 

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

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

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

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

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

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

�s�a�m�e�.� 

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

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

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

�h�y�d�r�o�x�y�a�n�i�s�o�l�e� �(�B�H�A�)�,� �b�u�t�y�l�a�t�e�d� �h�y�d�r�o�x�y�t�o�l�u�e�n�e� �(�B�H�T�)�,� �a�n�d� �t�e�r�t�i�a�r�y�-� 

�b�u�t�y�l�h�y�d�r�o�x�y�q�u�i�n�o�n�e� �(�T�B�H�Q�)� �(�H�a�w�r�y�s�h�,� �e�t� �a�l�.�,� �1�9�9�0�)�.� �P�o�k�o�r�n�y� �(�1�9�8�7�)� 

�i�n�d�i�c�a�t�e�s� �t�h�a�t� �T�B�H�Q� �i�s� �t�h�e� �m�o�s�t� �s�u�i�t�a�b�l�e� �a�n�t�i�o�x�i�d�a�n�t� �t�o� �b�e� �a�d�d�e�d� �t�o� 

�v�e�g�e�t�a�b�l�e� �o�i�l�s� �d�u�e� �t�o� �i�t�s� �h�e�a�t� �s�t�a�b�i�l�i�t�y�.� �P�o�k�o�r�n�y� �(�1�9�8�7�)� �a�l�s�o� 

�i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �T�B�H�Q� �h�e�l�p�s� �t�o� �r�e�t�a�i�n� �t�h�e� �c�o�l�o�r� �o�f� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l� 

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

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

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

�f�o�r�m�s� �(�P�o�k�o�r�n�y�,� �1�9�8�7�)�.� �E�a�c�h� �o�f� �t�h�e� �i�s�o�m�e�r�i�c� �f�o�r�m�s� �c�o�n�t�a�i�n� �a� 

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

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

�t�h�e� �3� �R� �g�r�o�u�p�s� �d�e�s�i�g�n�a�t�e�d� �R�'�,� �R�*�,� �a�n�d� �R�®� �o�n� �t�h�e� �a�r�o�m�a�t�i�c� �r�i�n�g� 

�s�e�g�m�e�n�t�.� �T�h�e� �3� �m�o�s�t� �c�o�m�m�o�n� �t�o�c�o�p�h�e�r�o�l� �i�s�o�m�e�r�s� �a�r�e� �t�h�e� �a�l�p�h�a�,� 

�g�a�m�m�a�,� �a�n�d� �d�e�l�t�a� �f�o�r�m�s�.� �P�o�k�o�r�n�y� �(�1�9�8�7�)� �i�n�d�i�c�a�t�e�s� �t�h�a�t� �t�h�e� �a�l�p�h�a� �i�s� 

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

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

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

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

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

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

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

� � 

�V�e�g�e�t�a�b�l�e� �O�i�l� �A�l�p�h�a� �i�s�o�m�e�r� �G�a�m�m�a� �I�s�o�m�e�r� �D�e�l�t�a� �i�s�o�m�e�r� 
� � 

�S�o�y�b�e�a�n� �O�i�l� �1�1�6� �7�3�7� �2�7�5� 
� � 

�S�u�n�f�l�o�w�e�r� �O�i�l� � � �6�0�8� � � �0� � � �0� 
� � 

�(�A�c�k�m�a�n�,� �1�9�8�3�)� 
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�B�.� �1�.� �L�i�p�i�d� �E�x�t�r�a�c�t�i�o�n� �a�n�d� �I�s�o�l�a�t�i�o�n� 

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

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

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

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

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

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

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

�1�0�0�%� �p�u�r�i�f�i�c�a�t�i�o�n�.� 

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

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

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

�1�9�9�1�)� �a�n�d� �c�o�n�t�a�i�n� �h�i�g�h� �p�e�r�c�e�n�t�a�g�e�s� �o�f� �l�i�n�o�l�e�i�c� �(�C�1�8�:�2�)�,� �o�l�e�i�c� �(�C�1�8�:�1�)� 

�a�n�d� �l�i�n�o�l�e�n�i�c� �a�c�i�d�s� �(�C�1�8�:�3�)�,� �(�K�i�n�n�e�y�,� �1�9�9�4�;� �L�a�n�g�s�t�r�a�a�t�,� �1�9�7�6�)�.� �F�a�t�s� 

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

�l�e�v�e�l�s� �o�f� �s�a�t�u�r�a�t�e�d� �f�a�t�t�y� �a�c�i�d�s� �s�u�c�h� �a�s� �s�t�e�a�r�i�c� �a�c�i�d� �(�C�1�8�:�0�)�,� �a�n�d� 

�p�a�l�m�i�t�i�c� �a�c�i�d� �(�C�1�6�:�0�)�,� �(�M�e�a�d�,� �e�t�.� �a�l�,� �1�9�9�2�)�.� �T�h�e�r�e� �a�r�e� �e�x�c�e�p�t�i�o�n�s� �t�o� 

�t�h�i�s� �g�e�n�e�r�a�l� �r�u�l�e�,� �f�o�r� �e�x�a�m�p�l�e� �p�a�l�m� �o�i�l� �c�o�n�t�a�i�n�s� �h�i�g�h� �l�e�v�e�l�s� �o�f� �C�1�6�:�0�,� 

�(�L�a�n�g�s�t�r�a�a�t�,� �1�9�7�6�)�.� �B�l�i�g�h� �a�n�d� �D�y�e�r� �(�1�9�5�9�)� �e�s�t�a�b�l�i�s�h�e�d� �t�h�e� �B�l�i�g�h� �a�n�d� 

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

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

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

�f�o�o�d� �s�a�m�p�l�e�s� �(�K�a�t�e�s�,� �1�9�7�5�)�.� 
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�T�h�e� �B�l�i�g�h� �a�n�d� �D�y�e�r� �M�e�t�h�o�d� �a�l�l�e�v�i�a�t�e�s� �t�h�e� �n�e�e�d� �f�o�r� �m�u�l�t�i�p�h�a�s�e� 

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

�i�n�d�u�c�e� �o�x�i�d�a�t�i�o�n� �(�K�a�t�e�s�,� �1�9�7�5�)� �a�n�d� �p�o�l�y�m�e�r�i�z�a�t�i�o�n� �(�B�e�r�m�a�n� �a�n�d� �L�o�e�b�,� 

�1�9�7�5�)�.� �I�n� �t�h�e� �B�l�i�g�h� �a�n�d� �D�y�e�r� �M�e�t�h�o�d� �c�h�l�o�r�o�f�o�r�m�-�m�e�t�h�a�n�o�l�-�w�a�t�e�r� 

�[�1�:�2�:�0�.�8� �v�/�v�]� �a�r�e� �u�s�e�d� �t�o� �i�s�o�l�a�t�e� �t�h�e� �l�i�p�i�d� �f�r�a�c�t�i�o�n�,� �w�h�i�c�h� �i�s� �t�h�e�n� 

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

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

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

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

�h�y�d�r�o�c�a�r�b�o�n� �c�h�a�i�n�s�,� �(�S�o�l�o�m�o�n�s�,� �1�9�9�2�d�;� �K�a�t�e�s�,� �1�9�7�5�)�.� �W�i�t�h� �t�h�e� 

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

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

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

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

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

�w�h�i�c�h� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �s�e�c�t�i�o�n� �B�.� �3�.�.� 

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

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

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

�s�o�y�b�e�a�n�,� �s�u�n�f�l�o�w�e�r�,� �a�n�d� �r�a�p�e�s�e�e�d�,� �(�V�a�n� �N�e�s�s�,� �1�9�8�1�;� �M�c�C�o�r�m�i�c�k�,� �e�t� 

�a�l�.�,� �1�9�9�2�)�.� �A�l�t�h�o�u�g�h� �t�h�e� �c�o�l�l�e�c�t�i�o�n�,� �c�l�e�a�n�i�n�g�,� �a�n�d� �d�e�h�u�l�l�i�n�g� �v�a�r�y� �f�r�o�m� 

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

�i�s�o�l�a�t�i�o�n� �o�f� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l�s�.� �V�a�n� �N�e�s�s� �(�1�9�8�1�)� �d�e�s�c�r�i�b�e�s� �t�h�e� 

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

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

�r�a�t�h�e�r� �t�h�a�n� �l�i�q�u�i�d�-�s�o�l�i�d� �i�m�m�e�r�s�i�o�n�.� 

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

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

�b�a�s�i�c� �s�t�e�p�s� �(�V�a�n� �N�e�s�s�,� �1�9�8�1�)�.� �T�h�e� �f�i�r�s�t� �s�t�e�p�,� �k�n�o�w�n� �a�s� �d�e�g�u�m�m�i�n�g� 

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

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

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

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

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

�v�o�l�a�t�i�l�e� �c�o�m�p�o�n�e�n�t�s� �b�y� �s�p�a�r�g�i�n�g� �s�t�e�a�m� �a�t� �a� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �1�7�5� �t�o� 

�2�7�0� �d�e�g�r�e�e�s� �C�e�l�s�i�u�s� �b�a�t�c�h�w�i�s�e� �t�h�r�o�u�g�h� �t�h�e� �o�i�l�.� �T�h�e� �r�e�s�u�l�t� �i�s� �a� 

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

�R�e�c�e�n�t� �t�e�c�h�n�o�l�o�g�y� �(�N�e�f�f�,� �e�t� �a�l�.�,� �1�9�9�4�b�)� �i�s� �b�e�i�n�g� �u�s�e�d� �t�o� �i�s�o�l�a�t�e� 

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

�p�r�o�c�e�d�u�r�e�,� �r�o�u�g�h�l�y� �1�5� �g�r�a�m�s� �o�f� �s�e�e�d�s� �a�r�e� �g�r�o�u�n�d� �a�n�d� �s�o�a�k�e�d� �i�n� 

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

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

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

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

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

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

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

�T�h�e� �n�o�n�p�o�l�a�r� �p�h�a�s�e� �i�s� �e�x�t�r�a�c�t�e�d� �w�i�t�h� �h�e�x�a�n�e�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� 
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�e�x�t�r�a�c�t�i�o�n� �o�f� �t�h�e� �t�r�i�g�l�y�c�e�r�i�d�e�s� �u�s�i�n�g� �d�i�e�t�h�y�l� �e�t�h�e�r�:�h�e�x�a�n�e� �[�1�:�9�]�,� �a�n�d� 

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

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

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

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

�c�h�r�o�m�a�t�o�g�r�a�p�h�y� �w�a�s� �u�s�e�d� �b�y� �N�e�f�f�,� �e�t� �a�l�.� �(�1�9�9�4�a�)� �t�o� �p�u�r�i�f�y� �t�h�e� 

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

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

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

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

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

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

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

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

�(�H�P�L�C�)� �a�n�d� �T�h�i�n� �L�a�y�e�r� �C�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�T�L�C�)� �t�e�c�h�n�i�q�u�e�s�.� �C�o�n�f�o�r�t�i�,� �e�t� 

�a�l�.� �(�1�9�9�3�)� �u�s�e�d� �a� �g�r�a�d�i�e�n�t� �H�P�L�C� �s�y�s�t�e�m� �t�o� �s�e�p�a�r�a�t�e� �t�h�e� �l�i�p�i�d� 

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

�c�o�n�s�i�s�t�i�n�g� �o�f� �h�e�x�a�n�e�-�t�e�t�r�a�h�y�d�r�o�f�u�r�a�n� �[�9�9�:�1�]�,� �i�s�o�p�r�o�p�a�n�o�l�,� �a�n�d� �w�a�t�e�r� 

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

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

�A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d� �C�d� �2�0�-�9�1�,� �D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �P�o�l�a�r� 

�C�o�m�p�o�u�n�d�s� �i�n� �F�r�y�i�n�g� �F�a�t�s�,� �(�A�O�C�S�,� �1�9�9�1�)� �i�s� �a�n�o�t�h�e�r� �m�e�t�h�o�d� �w�h�i�c�h� 

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

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

�3�1



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

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

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

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

�B�.� �2�.� �F�a�t�t�y� �A�c�i�d� �D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �V�e�g�e�t�a�b�l�e� �O�i�l�s� 

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

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

�a�n�d� �u�s�a�b�i�l�i�t�y�.� �R�e�s�e�a�r�c�h� �(�F�a�t�e�m�i� �a�n�d� �H�a�m�m�o�n�d�,� �1�9�7�5�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� 

�f�a�t�t�y� �a�c�i�d� �m�e�t�h�y�l� �e�s�t�e�r�s� �(�F�A�M�E�S�)� �o�f� �o�l�e�a�t�e�,� �l�i�n�o�l�e�a�t�e�,� �a�n�d� 

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

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

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

�a�n�d� �i�n� �t�h�i�s� �c�a�s�e� �t�h�e� �p�o�l�y�u�n�s�a�t�u�r�a�t�e�d� �F�A�M�E�S� �a�r�e� �m�o�r�e� �p�r�o�n�e� �t�o� 

�o�x�i�d�a�t�i�o�n� �t�h�a�n� �t�h�e� �m�o�n�o�u�n�s�a�t�u�r�a�t�e�d� �F�A�M�E�S�.� �A�n�o�t�h�e�r� �s�t�u�d�y� �(�A�d�a�c�h�i�,� 

�e�t� �a�l�.�,� �1�9�9�5�)� �h�a�s� �s�h�o�w�n� �s�i�m�i�l�a�r� �r�e�s�u�l�t�s�,� �w�h�e�r�e� �p�o�l�y�u�n�s�a�t�u�r�a�t�e�d� �f�a�t�t�y� 

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

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

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

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �f�r�y�i�n�g� �o�i�l� �a�n�d� �f�r�i�e�d� �f�o�o�d�s�,� �(�R�o�b�a�r�d�s�,� �e�t� �a�l�.�,� �1�9�8�8�)�.� 

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

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

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

�r�e�c�o�g�n�i�z�e�d� �a�s� �a�n� �A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d� �i�s� �d�e�s�c�r�i�b�e�d� �b�y� �L�i�u� �(�1�9�9�4�)� �f�o�r� 
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�t�h�e� �a�n�a�l�y�s�i�s� �o�f� �f�a�t�t�y� �a�c�i�d�s�.� �I�n� �g�e�n�e�r�a�l� �t�e�r�m�s�,� �s�o�d�i�u�m� �m�e�t�h�o�x�i�d�e� �i�s� 

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

�m�e�t�h�y�l�a�t�e�d� �f�a�t�t�y� �a�c�i�d�s� �a�n�d� �g�l�y�c�e�r�o�l�.� �T�h�e� �F�A�M�E�S� �a�r�e� �i�s�o�l�a�t�e�d� �b�y� 

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

�T�y�p�i�c�a�l�l�y�,� �a� �3�0� �m�e�t�e�r� �b�y� �5�.�3�0� �m�i�c�r�o�m�e�t�e�r� �i�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r� �c�o�l�u�m�n� 

�w�i�t�h� �a� �0�.�8�8� �m�i�c�r�o�m�e�t�e�r� �f�i�l�m� �t�h�i�c�k�n�e�s�s� �c�o�n�s�i�s�t�i�n�g� �o�f� �5�%� 

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

�p�r�o�g�r�a�m�m�i�n�g� �v�a�r�i�e�s� �f�r�o�m� �6�0� �t�o� �1�8�0� �d�e�g�r�e�e�s� �C�e�l�s�i�u�s�,� �d�e�p�e�n�d�i�n�g� �o�n� 

�t�h�e� �f�a�t�t�y� �a�c�i�d�s� �c�o�n�t�a�i�n�e�d� �i�n� �t�h�e� �s�a�m�p�l�e�.� �T�h�e� �F�A�M�E�-�G�C� �m�e�t�h�o�d� �w�h�e�n� 

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

�p�u�r�p�o�s�e�s� �(�L�i�u�,� �1�9�9�4�)�.� �H�o�w�e�v�e�r�,� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �e�x�a�c�t� �o�r�i�g�i�n� �o�f� �t�h�e� 

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

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

�f�a�t�t�y� �a�c�i�d� �c�o�n�t�e�n�t� �(�R�o�b�a�r�d�s�,� �e�t� �a�l�.�,� �1�9�8�8�)� �a�n�d� �p�o�l�a�r� �c�o�m�p�o�n�e�n�t�s� 

�(�S�a�n�c�h�e�z�-�M�u�n�i�z�,� �1�9�9�3�;� �K�a�t�e�s�,� �1�9�7�5�)�.� 

�S�e�c�o�n�d�a�r�y� �a�n�d� �r�e�l�a�t�i�v�e�l�y� �q�u�i�c�k� �m�e�t�h�o�d�s� �(�R�o�b�a�r�d�s�,� �e�t� �a�l�.�,� �1�9�8�5�;� 

�K�a�t�e�s�,� �1�9�7�5�)� �c�a�n� �b�e� �u�s�e�d� �t�o� �o�b�t�a�i�n� �b�a�s�i�c� �i�n�f�o�r�m�a�t�i�o�n� �a�b�o�u�t� �t�h�e� 

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

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

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

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

�(�N�a�w�a�r�,� �1�9�8�5�)� �i�s� �a�n�o�t�h�e�r� �m�e�t�h�o�d� �u�s�e�d� �t�o� �i�n�d�i�c�a�t�e� �t�h�e� �n�u�m�b�e�r� �o�f� 

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

�c�h�e�c�k� �t�h�e� �d�e�g�r�e�e� �o�f� �s�a�t�u�r�a�t�i�o�n� �i�n� �h�y�d�r�o�g�e�n�a�t�e�d� �v�e�g�e�t�a�b�l�e� �o�i�l�.� 
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�B�.� �3�.� �T�r�i�g�l�y�c�e�r�i�d�e� �D�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �V�e�g�e�t�a�b�l�e� �O�i�l�s� 

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

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

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

�A�O�C�S� �R�e�c�o�m�m�e�n�d�e�d� �P�r�a�c�t�i�c�e� �C�d� �1�1�c�-�9�3� �Q�u�a�n�t�i�t�a�t�i�v�e� �S�e�p�a�r�a�t�i�o�n� 

�o�f� �M�o�n�g�l�y�c�e�r�i�d�e�s�,� �D�i�g�l�y�c�e�r�i�d�e�s�,� �a�n�d� �T�r�i�g�l�y�c�e�r�i�d�e�s� �b�y� �S�i�l�i�c�a� 

�G�e�l� �C�o�l�u�m�n� �C�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�A�O�C�S�,� �1�9�9�3�)�.� �W�h�i�l�e� �t�h�i�s� �m�e�t�h�o�d� �i�s� 

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

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

�a�n�d� �H�a�m�m�o�n�d� �(�1�9�6�6�)� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �t�r�i�g�l�y�c�e�r�i�d�e�s� �w�i�t�h� �m�o�r�e� 

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

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

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

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

�s�e�c�t�i�o�n� �(�C�.� �1�.�)�.� �T�h�e�r�e�f�o�r�e�,� �m�e�t�h�o�d�s� �f�o�r� �t�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� 

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

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

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

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

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

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

�d�e�r�i�v�i�t�i�z�a�t�i�o�n�,� �(�P�a�l�m�e�r� �a�n�d� �P�a�l�m�e�r�,� �1�9�8�9�)�.� �S�e�c�o�n�d�,� �h�i�g�h�l�y� �s�a�t�u�r�a�t�e�d� 

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

�t�h�e� �s�o�l�u�b�i�l�i�z�a�t�i�o�n� �s�o�l�v�e�n�t� �a�c�e�t�o�n�e�,� �A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d� �C�e� �5�c�-�9�3� 
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�I�n�d�i�v�i�d�u�a�l� �T�r�i�g�l�y�c�e�r�i�d�e�s� �i�n� �O�i�l�s� �a�n�d� �F�a�t�s� �b�y� �H�P�L�C� �(�A�O�C�S�,� 

�1�9�9�3�)�.� �T�h�i�r�d�,� �a�n�d� �o�f� �s�i�g�n�i�f�i�c�a�n�t� �i�m�p�o�r�t�a�n�c�e�,� �t�h�e� �r�e�s�o�l�u�t�i�o�n� �o�r�d�e�r� �f�o�r� 

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

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

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

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

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

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

�g�e�n�e�r�a�l�l�y� �u�s�e�d� �f�o�r� �p�o�s�i�t�i�v�e� �c�o�n�f�i�r�m�a�t�i�o�n�,� �(�A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d� �C�e� 

�5�b�-�8�9�;� �P�a�l�m�e�r� �a�n�d� �P�a�l�m�e�r�,� �1�9�8�9�)�.� 

�C�a�b�o�n�i�,� �e�t� �a�l�.�,� �(�1�9�9�2�)� �u�s�e�d� �a�n� �i�s�o�c�r�a�t�i�c�,� �r�e�v�e�r�s�e�-�p�h�a�s�e� �H�P�L�C� 

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

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

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

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

�o�i�l�.� �T�h�e� �m�e�t�h�o�d� �v�a�r�i�e�d� �f�r�o�m� �t�h�e� �A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d� �C�e� �5�b�-�8�9� 

�T�r�i�g�l�y�c�e�r�i�d�e�s� �i�n� �V�e�g�e�t�a�b�l�e� �O�i�l�s� �b�y� �H�P�L�C� �(�A�O�C�S�,� �1�9�8�9�)� �a�n�d� 

�A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d� �C�e� �5�c�-�9�3� �(�A�O�C�S�,� �1�9�9�3�)� �i�n� �s�e�v�e�r�a�l� �w�a�y�s�.� �A� �1�5� 

�c�e�n�t�i�m�e�t�e�r� �b�y� �4�.�6� �m�i�l�l�i�m�e�t�e�r� �c�o�l�u�m�n� �w�i�t�h� �1�2�%� �c�a�r�b�o�n� �l�o�a�d�i�n�g� �a�n�d� 

�3�.�0� �m�i�c�r�o�m�e�t�e�r� �p�a�r�t�i�c�l�e� �s�i�z�e� �p�a�c�k�i�n�g� �w�a�s� �u�s�e�d� �i�n�s�t�e�a�d� �o�f� �t�h�e� �2�5� 

�c�e�n�t�i�m�e�t�e�r� �b�y� �4�.�5� �m�i�l�l�i�m�e�t�e�r� �c�o�l�u�m�n� �w�i�t�h� �2�2�-�2�3�%� �c�a�r�b�o�n� �l�o�a�d�i�n�g� 

�a�n�d� �a� �5�.�0� �m�i�c�r�o�m�e�t�e�r� �p�a�r�t�i�c�l�e� �s�i�z�e� �p�a�c�k�i�n�g�.� �T�h�e� �p�a�c�k�i�n�g� �c�o�n�s�i�s�t�e�d� �o�f� 

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

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

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

�c�o�l�u�m�n� �u�s�e�d� �b�y� �C�a�b�o�n�i�,� �e�t� �a�l�.�,� �(�1�9�9�2�)� �m�o�s�t� �l�i�k�e�l�y� �e�n�h�a�n�c�e�d� �c�o�e�l�u�t�i�o�n� 

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

�a�s� �7�0�%�,� �w�h�e�n� �t�h�e� �m�e�t�h�o�d� �i�s� �c�o�m�p�a�r�e�d� �t�o� �t�h�e� �A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d�s� 

�C�e� �5�b�-�8�9� �a�n�d� �C�e� �5�c�-�9�3�.� �A�n�o�t�h�e�r� �v�a�r�i�a�t�i�o�n� �f�r�o�m� �t�h�e� �o�f�f�i�c�i�a�l� �m�e�t�h�o�d�s� 

�u�s�e�d� �b�y� �C�a�b�o�n�i�,� �e�t� �a�l�.�,� �(�1�9�9�2�)� �w�a�s� �t�h�a�t� �e�t�h�y�l� �e�t�h�e�r� �w�a�s� �a�d�d�e�d� �t�o� �t�h�e� 

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

�c�o�n�s�i�s�t�i�n�g� �o�f� �6�5�/�2�5�/�1�0� �[�v�/�v�/�v�]� �a�c�e�t�o�n�e�:�a�c�e�t�o�n�i�t�r�i�l�e�:�e�t�h�y�l� �e�t�h�e�r�.� �T�h�e� 

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

�a�c�e�t�o�n�e�:�a�c�e�t�o�n�i�t�r�i�l�e� �7�5�/�2�5� �[�v�/�v�]�.� �I�n� �e�f�f�e�c�t�,� �t�h�e� �p�o�l�a�r�i�t�y� �o�r� �p�o�l�a�r�i�t�y� 

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

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

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

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

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

�F�i�g�u�r�e� �8�.� 

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

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

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

�t�h�e� �f�a�t�t�y� �a�c�i�d�s� �p�r�e�s�e�n�t� �(�C�a�b�o�n�i�,� �e�t� �a�l�.�,� �1�9�9�2�;� �P�a�l�m�e�r� �a�n�d� �P�a�l�m�e�r�,� 

�1�9�8�9�;� �N�e�f�f�,� �e�t� �a�l�.�,� �1�9�9�4�a�;� �A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d�s� �C�e� �5�b�-�8�9� �a�n�d� �5�c�-� 

�9�3�,� �A�O�C�S�,� �1�9�9�3�)�.� �W�i�t�h� �t�h�e� �m�o�b�i�l�e� �p�h�a�s�e� �b�e�i�n�g� �m�o�r�e� �p�o�l�a�r� �t�h�a�n� �t�h�e� 

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

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

�r�e�s�o�l�v�e� �f�i�r�s�t�.� �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �p�o�s�i�t�i�o�n�a�l� �t�r�i�g�l�y�c�e�r�i�d�e� �i�s�o�m�e�r�s� 
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�F�i�g�u�r�e� �8�.� �R�e�p�r�e�s�e�n�t�a�t�i�v�e� �t�r�i�g�l�y�c�e�r�i�d�e� �c�h�r�o�m�a�t�o�g�r�a�m�s� �u�s�i�n�g� 
�i�s�o�c�r�a�t�i�c� �r�e�v�e�r�s�e�-�p�h�a�s�e�d� �H�P�L�C�.� �A�=� �A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d� 
�C�e� �5�c�-�9�3�,� �B�=� �A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d� �C�e� �5�b�-�8�9�,� �C�=� �C�a�b�o�n�i�,� �e�t�.� 
�a�l�,� �1�9�9�2�.� 
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�a�r�e� �n�o�t� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e�s�e� �m�e�t�h�o�d�s�.� �T�h�e� �m�o�n�o�g�y�l�c�e�r�i�d�e�s� �a�n�d� 

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

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

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

�r�e�s�o�l�u�t�i�o�n� �o�r�d�e�r�s� �a�r�e� �d�e�m�o�n�s�t�r�a�t�e�d� �i�n� �F�i�g�u�r�e� �8�.� 

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

�a�r�e�:� �t�h�e� �u�s�e� �o�f� �r�e�f�e�r�e�n�c�e� �s�t�a�n�d�a�r�d�s� �(�C�a�b�o�n�i�,� �e�t� �a�l�.�,� �1�9�9�2�;� �P�a�l�m�e�r� �a�n�d� 

�P�a�l�m�e�r�,� �1�9�8�9�;� �N�e�f�f�,� �e�t� �a�l�.�,� �1�9�9�4�a�)�,� �t�h�e� �e�q�u�i�v�a�l�e�n�t� �c�a�r�b�o�n� �n�u�m�b�e�r� 

�(�E�C�N�)� �(�A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d� �C�e� �5�b�-�8�9�,� �A�O�C�S�,� �1�9�8�9�)� �a�n�d� �t�h�e� �m�o�l�e� �t�o� 

�m�o�l�e� �c�o�m�p�a�r�i�s�o�n� �o�f� �t�h�e� �F�A�M�E�S� �t�o� �t�h�e� �t�r�i�g�l�y�c�e�r�i�d�e� �p�e�a�k�s�,� �(�A�O�C�S� 

�O�f�f�i�c�i�a�l� �M�e�t�h�o�d� �C�e� �5�c�-�9�3�,� �A�O�C�S�,� �1�9�9�3�)�.� �R�e�f�e�r�e�n�c�e� �s�t�a�n�d�a�r�d�s� �a�r�e� �b�y� 

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

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

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

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

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

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

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

�T�h�e� �f�i�r�s�t� �a�p�p�r�o�a�c�h� �i�s� �t�o� �c�a�l�c�u�l�a�t�e� �t�h�e� �E�C�N�,� �(�A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d� 

�C�e� �5�b�-�8�9�,� �A�O�C�S�,� �1�9�8�9�)�.� �T�h�e� �E�C�N� �i�s� �d�e�f�i�n�e�d� �a�s� �t�h�e� �t�o�t�a�l� �c�a�r�b�o�n� 

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

�d�o�u�b�l�e� �b�o�n�d�s�.� �T�h�e� �E�C�N� �g�i�v�e�s� �a� �r�e�l�a�t�i�v�e� �r�e�s�o�l�u�t�i�o�n� �o�r�d�e�r� �f�o�r� �a�l�l� �t�h�e� 

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

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

�t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �m�o�l�e� �t�o� �m�o�l�e� �r�e�l�a�t�i�o�n�s�h�i�p� �d�e�r�i�v�e�d� �f�r�o�m� �t�h�e� �F�A�M�E� 

�c�o�n�t�e�n�t� �(�L�i�u�,� �1�9�9�4�)� �a�n�d� �t�h�e� �t�r�i�g�l�y�c�e�r�i�d�e� �p�e�a�k� �a�r�e�a� �d�e�r�i�v�e�d� �f�r�o�m� �A�O�C�S� 

�O�f�f�i�c�i�a�l� �M�e�t�h�o�d� �C�e� �5�c�-�9�3� �(�A�O�C�S�,� �1�9�9�3�)�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �i�n�v�o�l�v�e�s� 

�c�o�n�s�t�r�u�c�t�i�n�g� �a� �b�a�l�a�n�c�e� �s�h�e�e�t� �o�f� �t�h�e� �F�A�M�E�S� �a�n�d� �t�h�e�n� �c�a�l�c�u�l�a�t�i�n�g� �t�h�e� 

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

�m�a�t�c�h� �s�h�o�u�l�d� �g�i�v�e� �a� �1� �t�o� �1� �m�o�l�e� �v�a�l�u�e�,� �w�h�i�c�h� �c�a�n� �t�h�e�n� �b�e� �v�a�l�i�d�a�t�e�d� 

�w�i�t�h� �a�v�a�i�l�a�b�l�e� �s�t�a�n�d�a�r�d�s�,� �r�e�f�e�r�e�n�c�e� �c�h�r�o�m�a�t�o�g�r�a�m�s�,� �a�n�d� �t�h�e� �E�C�N� 

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

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

�r�e�f�e�r�e�n�c�e� �s�t�a�n�d�a�r�d�s�,� �r�e�f�e�r�e�n�c�e� �c�h�r�o�m�a�t�o�g�r�a�m�s�,� �a�n�d� �t�h�e� �E�C�N� �v�a�l�u�e�,� �a� 

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

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

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

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

�d�e�p�e�n�d�i�n�g� �o�n� �t�r�e�a�t�m�e�n�t�,� �(�L�a�n�g�s�t�r�a�a�t�,� �1�9�7�6�)� �a�n�d�_� �c�l�i�m�a�t�i�c� 

�d�i�f�f�e�r�e�n�c�e�s�,� �(�W�i�l�c�o�x� �a�n�d� �C�a�v�i�n�s�,� �1�9�9�2�;� �M�c�C�o�r�m�i�k�,� �e�t� �a�l�.�,� �1�9�9�2�)�.� 

�B�.� �4�.� �P�e�r�o�x�i�d�e� �D�e�t�e�c�t�i�o�n� �a�n�d� �D�e�t�e�r�m�i�n�a�t�i�o�n� 

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

�o�x�i�d�a�t�i�o�n�,� �(�S�o�l�o�m�o�n�s�,� �1�9�9�2�e�;� �R�o�b�a�r�d�s�,� �e�t�.� �a�l�,� �1�9�8�8�)�.� �F�o�r� �t�h�i�s� �r�e�a�s�o�n�,� 

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

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

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

�O�f�f�i�c�i�a�l� �M�e�t�h�o�d� �C�d� �8�-�5�3� �P�e�r�o�x�i�d�e� �V�a�l�u�e�:� �A�c�e�t�i�c� �A�c�i�d�-� 
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�C�h�l�o�r�o�f�o�r�m� �M�e�t�h�o�d� �(�A�O�C�S�,� �1�9�9�3�)�.� �T�h�e� �P�V� �i�s� �g�e�n�e�r�a�l�l�y� �r�e�p�o�r�t�e�d� �a�s� 

�m�i�l�l�i�e�q�u�i�v�e�l�e�n�t�s� �o�f� �p�e�r�o�x�i�d�e�s�/�1�0�0�0� �g�r�a�m�s� �o�f� �s�a�m�p�l�e� �o�r� �i�o�d�i�n�e� 

�f�o�r�m�e�d�/�1�0�0�0� �g�r�a�m�s� �o�f� �f�a�t�.� �I�n� �t�h�i�s� �t�e�s�t� �t�h�e� �h�y�d�r�o�p�e�r�o�x�i�d�e�s� �f�o�r�m�e�d� 

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

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

�s�o�d�i�u�m� �t�h�i�o�s�u�l�f�a�t�e�,� �(�C�h�a�n� �a�n�d� �C�o�x�o�n�,� �1�9�8�7�)�.� �N�a�w�a�r�,� �(�1�9�8�5�)� �p�o�i�n�t�s� 

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

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

�i�n� �a� �l�i�p�i�d� �s�a�m�p�l�e�.� �C�h�a�n� �a�n�d� �C�o�x�o�n� �(�1�9�8�7�)� �r�e�c�o�m�m�e�n�d� �t�h�a�t� �t�h�e� 

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

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

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

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

�e�v�a�l�u�a�t�e� �t�h�e� �e�a�r�l�y� �s�t�a�g�e�s� �o�f� �a�u�t�o�x�i�d�a�t�i�o�n�,� �(�F�r�a�n�k�e�l� �a�n�d� �H�u�a�n�g�,� �1�9�9�4�;� 

�H�a�n�s�e�n�,� �e�t� �a�l�.�,� �1�9�9�4�;� �H�a�w�r�y�s�h�,� �e�t� �a�l�.�,� �1�9�9�0�;� �R�a�g�h�u�v�e�e�r� �a�n�d� �H�a�m�m�o�n�d�,� 

�1�9�6�6�)�.� �R�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �a�t�t�e�m�p�t�e�d� �t�o� �c�o�r�r�e�l�a�t�e� �p�e�r�o�x�i�d�e� �v�a�l�u�e�s� 

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

�a�n�d� �H�u�a�n�g�,� �1�9�9�4�)� �t�h�e� �p�e�r�o�x�i�d�e� �v�a�l�u�e�s� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �t�h�e� �e�x�p�e�c�t�e�d� 

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

�v�e�g�e�t�a�b�l�e� �o�i�l�s� �t�e�s�t�e�d�.� �I�n� �a� �s�t�u�d�y� �c�o�n�d�u�c�t�e�d� �b�y� �F�r�a�n�k�e�l� �a�n�d� �H�u�a�n�g� 

�(�1�9�9�4�)�,� �h�i�g�h� �o�l�e�i�c� �s�u�n�f�l�o�w�e�r� �o�i�l� �w�a�s� �u�s�e�d� �t�o� �c�r�e�a�t�e� �b�l�e�n�d�s� �w�i�t�h� 

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

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

�F�i�g�u�r�e� �9�.� 
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�T�h�e� �b�l�e�n�d�s� �w�i�t�h� �t�h�e� �h�i�g�h�e�s�t� �l�e�v�e�l� �o�f� �o�l�e�i�c� �a�c�i�d� �p�o�s�s�e�s�s�e�d� �t�h�e� 

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

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

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

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

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

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

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

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

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

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

�t�h�e� �r�a�t�e� �o�f� �a�u�t�o�x�i�d�a�t�i�o�n�.� �R�e�s�e�a�r�c�h� �(�A�d�a�c�h�i�,� �e�t�.� �a�l�,� �1�9�9�5�)� �h�a�s� �s�h�o�w�n� 

�t�h�a�t� �t�h�e� �r�a�t�e�s� �o�f� �a�u�t�o�x�i�d�a�t�i�o�n� �a�r�e� �r�a�p�i�d� �a�f�t�e�r� �t�h�e� �o�n�s�e�t� �o�f� �p�e�r�o�x�i�d�e� 

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

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

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

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

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

�i�n� �s�e�c�t�i�o�n� �B�.� �5�.�.� 

�A� �s�t�u�d�y� �w�a�s� �c�o�n�d�u�c�t�e�d� �b�y� �N�e�f�f�,� �e�t� �a�l�.�,� �(�1�9�9�2�)� �w�h�e�r�e� �t�r�i�g�l�y�c�e�r�i�d�e� 

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

�o�x�i�d�a�t�i�v�e� �s�t�a�b�i�l�i�t�y�.� �R�e�v�e�r�s�e� �p�h�a�s�e� �H�P�L�C� �w�i�t�h� �u�l�t�r�a�v�i�o�l�e�t� �d�e�t�e�c�t�i�o�n� 

�s�e�t� �a�t� �2�3�5� �n�a�n�o�m�e�t�e�r�s� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�c�t� �m�o�n�o�h�y�d�r�o�p�e�r�o�x�i�d�e�s� �o�f� 

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

�t�r�i�g�l�y�c�e�r�i�d�e� �a�n�a�l�y�s�i�s�,� �2�5� �b�y� �0�.�4�6� �c�e�n�t�i�m�e�t�e�r�s� �a�n�d� �t�h�e� �m�o�b�i�l�e� �p�h�a�s�e� 

�c�o�n�s�i�s�t�e�d� �o�f� �c�h�l�o�r�o�f�o�r�m�:�m�e�t�h�a�n�o�l�:�a�c�e�t�o�n�i�t�r�i�l�e�,� �5�/�5�/�9�0� �[�v�/�v�/�v�]� �r�u�n� 

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

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

�c�h�r�o�m�o�p�h�o�r�e� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �c�o�n�j�u�g�a�t�e�d� �d�i�e�n�e� �s�y�s�t�e�m�s�,� �(�C�a�b�o�n�i�,� �e�t� 

�a�l�.�,� �1�9�9�2�)�.� �T�o� �e�f�f�e�c�t�i�v�e�l�y� �r�e�m�o�v�e� �r�e�s�i�d�u�a�l� �m�o�n�o�e�n�e� �h�y�d�r�o�p�e�r�o�x�i�d�e�s� 

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

�i�n�j�e�c�t�i�o�n�s�.� 

�B�.� �5�.� �V�o�l�a�t�i�l�e� �D�e�t�e�c�t�i�o�n� �a�n�d� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� 

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

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

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

�i�n�d�i�c�a�t�o�r� �o�f� �a�u�t�o�x�i�d�a�t�i�o�n� �(�C�h�a�n�g�,� �e�t� �a�l�.�,� �(�1�9�7�7�)�;� �W�u� �a�n�d� �C�h�e�n�,� �(�1�9�9�2�)�;� 

�N�e�f�f� �a�n�d� �S�e�l�k�e�,� �(�1�9�9�3�)�;� �N�e�f�f�,� �e�t� �a�l�.�,� �(�1�9�9�4�a�)�;� �N�e�f�f�,� �e�t� �a�l�.�,� �1�9�9�4�b�)�.� 

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

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

�(�N�a�w�a�r�,� �1�9�8�5�)�.� �T�h�e�r�e� �a�r�e� �n�u�m�e�r�o�u�s� �m�e�t�h�o�d�s� �t�o� �c�o�l�l�e�c�t� �v�o�l�a�t�i�l�e�s� �a�n�d� 

�n�u�m�e�r�o�u�s� �v�a�r�i�a�t�i�o�n�s� �t�o� �e�a�c�h� �m�e�t�h�o�d�.� �T�h�e� �A�O�C�S� �R�e�c�o�m�m�e�n�d�e�d� 

�P�r�a�c�t�i�c�e� �C�g� �4�-�9�4�:� �V�o�l�a�t�i�l�e� �O�r�g�a�n�i�c� �C�o�m�p�o�u�n�d�s� �(�V�O�C�)� �i�n� �F�a�t�s� 

�a�n�d� �O�i�l�s� �b�y� �G�a�s� �C�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�A�O�C�S�,� �1�9�9�4�)� �d�e�s�c�r�i�b�e�s� �t�h�r�e�e� 

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

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

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

�4�3



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

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

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

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

�t�e�m�p�e�r�a�t�u�r�e� �p�r�o�g�r�a�m�m�i�n�g� �o�f� �t�h�e� �c�o�l�u�m�n� �i�s� �f�r�o�m� �5�0� �t�o� �2�5�0�°�C� �a�t�a� 

�r�a�t�e� �o�f� �5�°�C� �p�e�r� �m�i�n�u�t�e�.� �A�n�o�t�h�e�r� �s�i�m�i�l�a�r�i�t�y� �i�s� �t�h�a�t� �t�h�e� �v�o�l�a�t�i�l�e� 

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

�r�e�f�e�r�e�n�c�e� �s�t�a�n�d�a�r�d�s�,� �o�r� �b�o�t�h�.� 

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

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

�w�e�i�g�h�t� �v�o�l�a�t�i�l�e�s� �r�a�n�g�i�n�g� �f�r�o�m� �p�e�n�t�a�n�e� �(�C�;�H�,�,�5�)� �t�o� �2�,�4�-�d�e�c�a�d�i�e�n�a�l� 

�(�C�,�,�H�,�,�0�)�.� �T�h�e� �s�t�a�t�i�c� �h�e�a�d�s�p�a�c�e� �i�n�v�o�l�v�e�s� �h�e�a�t�i�n�g� �t�h�e� �s�a�m�p�l�e�s� 

�i�n�d�i�v�i�d�u�a�l�l�y� �i�n� �c�l�o�s�e�d� �v�i�a�l�s�,� �g�e�n�e�r�a�l�l�y� �1�0� �t�o� �5�0� �m�i�l�l�i�l�i�t�e�r�s�.� �T�h�e� 

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

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

�T�i�m�e� �e�x�p�o�s�u�r�e� �t�o� �t�h�e� �g�i�v�e�n� �t�e�m�p�e�r�a�t�u�r�e� �v�a�r�i�e�s�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� 

�o�b�j�e�c�t�i�v�e� �o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�.� 

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

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

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

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

�p�u�r�g�e� �a�n�d� �t�r�a�p� �m�e�t�h�o�d� �d�e�s�c�r�i�b�e�d� �b�y� �O�l�a�f�s�d�o�t�t�i�r�,� �e�t�.� �a�l� �(�1�9�8�5�)�.� �T�h�e� 

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

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

�4�4



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

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

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

�(�R�e�i�n�e�c�c�i�u�s�,� �1�9�8�5�)�.� �E�v�e�n� �w�i�t�h� �t�h�i�s� �l�i�m�i�t�a�t�i�o�n� �o�f� �t�h�e� �s�t�a�t�i�c� 

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

�v�e�g�e�t�a�b�l�e� �o�i�l�s� �(�Y�o�o�n�,� �e�t� �a�l�.�,� �1�9�8�8�)�.� 

�T�h�e� �s�e�c�o�n�d� �G�C� �m�e�t�h�o�d� �d�e�s�c�r�i�b�e�d� �b�y� �t�h�e� �A�O�C�S� �R�e�c�o�m�m�e�n�d�e�d� �|� 

�P�r�a�c�t�i�c�e� �C�g� �4�-�9�4� �(�A�O�C�S�,� �1�9�9�4�)� �i�s� �t�h�e� �d�i�r�e�c�t� �i�n�j�e�c�t�i�o�n� �m�e�t�h�o�d�.� �I�n� 

�t�h�e� �d�i�r�e�c�t� �i�n�j�e�c�t�i�o�n� �m�e�t�h�o�d� �t�h�e� �g�l�a�s�s� �l�i�n�e�r� �r�e�s�i�d�i�n�g� �i�n� �t�h�e� �i�n�j�e�c�t�o�r� 

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

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

�w�o�o�l�.� �T�h�e� �i�n�j�e�c�t�o�r� �t�e�m�p�e�r�a�t�u�r�e� �i�s� �g�e�n�e�r�a�l�l�y� �r�e�d�u�c�e�d� �f�r�o�m� �2�4�0� �o�r� 

�2�5�0�°�C� �t�o� �1�2�0� �t�h�r�o�u�g�h� �1�8�0�°�C� �t�o� �e�n�h�a�n�c�e� �t�h�e� �r�e�c�o�v�e�r�y� �o�f� �t�h�e� �v�o�l�a�t�i�l�e�s�.� 

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

�f�r�o�m� �l�o�w� �t�o� �h�i�g�h� �m�o�l�e�c�u�l�a�r� �w�e�i�g�h�t�s�.� �R�e�i�n�e�c�c�i�u�s� �(�1�9�8�5�)� �i�n�d�i�c�a�t�e�s� 

�t�h�a�t� �t�h�e� �d�i�r�e�c�t� �i�n�j�e�c�t�i�o�n� �m�e�t�h�o�d� �h�a�s� �g�o�o�d� �s�e�n�s�i�t�i�v�i�t�y�,� �1�0� �p�p�b�,� �a�n�d� 

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

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

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

�n�o�t� �b�e� �u�s�e�d�.� 

�T�h�e� �t�h�i�r�d� �m�e�t�h�o�d� �c�o�v�e�r�e�d� �b�y� �t�h�e� �A�O�C�S� �R�e�c�o�m�m�e�n�d�e�d� �P�r�a�c�t�i�c�e� �C�g� 

�4�-�9�4� �(�A�O�C�S�,� �1�9�9�4�)� �i�s� �t�h�e� �d�y�n�a�m�i�c� �h�e�a�d�s�p�a�c�e� �o�r� �p�u�r�g�e� �a�n�d� �t�r�a�p� 

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

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

�1�8�0�°�C� �a�n�d� �t�h�e� �p�u�r�g�i�n�g� �p�e�r�i�o�d�s� �r�a�n�g�e� �f�r�o�m� �5� �t�o� �2�5� �m�i�n�u�t�e�s�.� �T�h�e� 

�v�o�l�a�t�i�l�e�s� �a�r�e� �c�o�l�l�e�c�t�e�d� �o�n� �a� �p�o�r�o�u�s� �p�o�l�y�m�e�r� �t�r�a�p�,� �u�s�u�a�l�l�y� �t�e�n�a�x� �(�2�,�6�-� 

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

�a�t� �a� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �1�5�0� �t�o� �2�5�0�°�C� �f�o�r� �5� �m�i�n�u�t�e�s� �o�n�t�o� �t�h�e� �G�C� �c�o�l�u�m�n�.� 

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

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

�E�a�c�h� �o�f� �t�h�e� �m�e�t�h�o�d�s� �d�e�s�c�r�i�b�e�d� �i�n� �t�h�e� �A�O�C�S� �R�e�c�o�m�m�e�n�d�e�d� �P�r�a�c�t�i�c�e� 

�C�g� �4�-�9�4� �(�A�O�C�S�,� �1�9�9�4�)� �a�r�e� �e�x�c�e�p�t�i�o�n�a�l� �m�e�t�h�o�d�s� �a�n�d� �h�a�v�e� �t�h�e�i�r� 

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

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

�e�x�i�s�t�e�n�c�e�.� �O�l�a�f�s�d�o�t�t�i�r�,� �e�t� �a�l�.�,� �(�1�9�8�5�)� �e�s�t�a�b�l�i�s�h�e�d� �a� �d�y�n�a�m�i�c� �g�a�s�-� 

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

�i�n� �a� �2�5�0� �m�i�l�l�i�l�i�t�e�r� �r�o�u�n�d� �b�o�t�t�o�m� �f�l�a�s�k� �a�n�d� �p�u�r�g�e�d� �o�n�t�o� �a� �t�e�n�a�x�-�G�C� 

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

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

�m�i�c�r�o�l�i�t�e�r�s� �a�n�d� �m�a�n�u�a�l�l�y� �i�n�j�e�c�t�e�d� �o�n�t�o� �t�h�e� �G�C� �c�o�l�u�m�n�.� � �O�l�a�f�s�d�o�t�t�i�r�,� 

�e�t� �a�l�.�,� �(�1�9�8�5�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �p�e�r�c�e�n�t� �r�e�c�o�v�e�r�i�e�s� �o�f� �t�h�e� �v�o�l�a�t�i�l�e� 

�c�o�m�p�o�u�n�d�s� �a�r�e� �l�o�w�,� �r�a�n�g�i�n�g� �f�r�o�m� �0�.�4� �t�o� �5�.�7�%�.� �T�h�i�s� �l�o�w� �r�e�c�o�v�e�r�y� �i�s� 

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

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

�R�e�i�n�e�c�c�i�u�s� �(�1�9�8�5�)� �d�e�f�i�n�e�d� �b�r�e�a�k�t�h�r�o�u�g�h� �a�s� �t�h�e� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� 

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

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

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

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

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

�e�t� �a�l�.�,� �(�1�9�8�5�)� �a�l�s�o� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� �v�a�r�i�e�d� �p�u�r�g�e� �t�i�m�e�s� �a�n�d� �r�a�t�e�s� 

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

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

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

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

�b�y� �D�u�p�u�y� �a�n�d� �F�l�i�c�k� �(�1�9�8�7�)� �w�h�e�r�e�b�y� �v�o�l�a�t�i�l�e� �c�o�m�p�o�u�n�d�s� �w�e�r�e� 

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

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

�u�p�p�e�r� �p�o�r�t�i�o�n� �o�f� �a� �c�a�p�i�l�l�a�r�y� �c�o�l�u�m�n� �b�y� �c�r�y�o�f�o�c�u�s�i�n�g� �a�f�t�e�r� �a� �3� �m�i�n�u�t�e� 

�h�e�a�t�i�n�g� �p�e�r�i�o�d� �a�t� �2�0�0�°�C� �i�n� �t�h�e� �i�n�l�e�t� �l�i�n�e�r�.� �T�h�e� �c�h�r�o�m�a�t�o�g�r�a�m�s� 

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

�c�o�n�t�a�i�n�e�d� �o�v�e�r� �2�0� �m�a�j�o�r� �v�o�l�a�t�i�l�e�s�,� �w�h�i�c�h� �w�e�r�e� �c�o�r�r�e�l�a�t�e�d� �w�i�t�h� �a� 

�p�e�r�o�x�i�d�e� �v�a�l�u�e�,� �1�8�.�4� �a�n�d� �1�8�.�8� �r�e�s�p�e�c�t�i�v�e�l�y�,� �(�s�e�e� �F�i�g�u�r�e�s� �1�0� �a�n�d� �1�1� 

�f�o�r� �c�h�r�o�m�a�t�o�g�r�a�m�s�)�.� 

�A�n�o�t�h�e�r� �c�o�m�m�o�n�l�y� �u�s�e�d� �m�e�t�h�o�d� �c�o�v�e�r�e�d� �b�y� �R�e�i�n�e�c�c�i�u�s� �(�1�9�8�5�)� �i�s� 

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

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

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

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

�c�o�n�c�e�n�t�r�a�t�e�d� �f�o�r� �G�C� �a�n�a�l�y�s�i�s�.� �V�e�r�c�e�l�l�o�t�t�i�,� �e�t� �a�l�.� �(�1�9�8�8�)� �e�s�t�a�b�l�i�s�h�e�d� 
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�(�1�1�.�0�8�)�,� �p�e�n�t�a�n�a�l� 
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�b�u�t�a�n�o�n�e� 
�(�1�1�.�0�2�)�,� �p�e�n�t�a�n�a�l� 

�(�1�5�.�1�3�)�,� �h�e�x�a�n�a�l� 
�(�2�1�.�1�6�)�,� �a�n�d� 
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�a� �m�e�t�h�o�d� �c�o�m�b�i�n�i�n�g� �t�h�e� �c�o�n�c�e�p�t�s� �o�f� �s�t�e�a�m� �d�i�s�t�i�l�l�a�t�i�o�n� �w�i�t�h� �t�h�e� 

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

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

�a�n�d� �d�r�a�w�n� �o�n�t�o� �a� �t�e�n�a�x� �t�r�a�p� �u�n�d�e�r� �v�a�c�u�u�m�,� �(�s�e�e� �F�i�g�u�r�e� �1�2�.� �f�o�r� 

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

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

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

�s�t�a�t�i�c� �h�e�a�d�s�p�a�c�e� �a�n�d� �p�u�r�g�e� �a�n�d� �t�r�a�p�.� �V�e�r�c�e�l�l�o�t�t�i�,� �e�t� �a�l�.� �(�1�9�8�8�)� 

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

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

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

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

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

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

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

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

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

�e�t� �a�l�.�,� �1�9�7�7�;� �F�r�i�t�s�c�h�,� �1�9�8�1�;� �N�e�f�f� �a�n�d� �S�e�l�k�e�,� �1�9�9�3�)�.� �T�h�e�r�e�f�o�r�e�,� �t�h�e� 

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

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

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

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

�c�h�r�o�m�a�t�o�g�r�a�m� �i�n�t�e�r�p�r�e�t�a�t�i�o�n�,� �r�e�f�e�r� �t�o� �B�a�s�i�c� �G�a�s� �C�h�r�o�m�a�t�o�g�r�a�p�h�y�,� �b�y� 

�H�.�M�.� �M�c�N�a�i�r� �a�n�d� �E�.�J�.� �B�o�n�e�l�l�i�,� �1�9�6�7�,� �a�n�d� �H�i�g�h� �R�e�s�o�l�u�t�i�o�n� �G�a�s� 

�C�h�r�o�m�a�t�o�g�r�a�p�h�y�,� �t�h�i�r�d� �e�d�i�t�i�o�n�,� �e�d�i�t�e�d� �b�y� �K�.�J�.� �H�y�v�e�r�,� �1�9�8�9�.� 

�5�0



� � 

� � 

� � 

� � � � 
� � � � 

�F�i�g�u�r�e� �1�2�.� �A�p�p�a�r�a�t�u�s� �f�o�r� �s�t�r�i�p�p�i�n�g� �v�o�l�a�t�i�l�e�s� �u�n�d�e�r� �v�a�c�u�u�m�:� �A�=� 

�s�o�u�r�c�e� �o�f� �v�a�c�u�u�m�,� �B�=� �t�e�n�a�x� �t�r�a�p�,� �C�=� �t�a�p�-�w�a�t�e�r�-�c�o�o�l�e�d� 
�c�o�n�d�e�n�s�e�r�,� �D�=� �E�r�l�e�n�m�e�y�e�r� �f�l�a�s�k�,� �a�n�d� �E�=� �w�a�r�m� �w�a�t�e�r� �b�a�t�h�.� 
�(�V�e�r�c�e�l�l�o�t�t�i�,� �e�t�.� �a�l�,� �1�9�8�8�)� 
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�B�.� �6�.� �P�o�l�a�r� �C�o�m�p�o�n�e�n�t� �a�n�d� �P�o�l�y�m�e�r�i�z�a�t�i�o�n� �D�e�t�e�c�t�i�o�n� 

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

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

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

�h�y�d�r�o�l�y�s�i�s� �o�f� �t�h�e� �t�r�i�g�l�y�c�e�r�i�d�e� �(�C�u�e�s�t�a�,� �e�t� �a�l�.�,� �1�9�9�3�)� �o�r� �e�n�z�y�m�a�t�i�c� 

�c�l�e�a�v�a�g�e� �b�y� �l�i�p�a�s�e� �R�o�b�a�r�d�s�,� �e�t�.� �a�l� �(�1�9�8�8�)�.� �P�o�l�y�m�e�r�i�z�a�t�i�o�n� �i�s� �t�h�e� 

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

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

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

�p�o�l�y�m�e�r�s� �(�B�e�r�m�a�n� �a�n�d� �L�o�e�b�,� �1�9�7�5�)�.� �T�h�e� �r�e�a�c�t�i�o�n� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� 

�t�h�e� �D�i�e�l�s� �A�l�d�e�r� �R�e�a�c�t�i�o�n�,� �(�S�o�l�o�m�o�n�s�,� �1�9�9�2�b�)� �w�h�i�c�h� �w�i�l�l� �b�e� �c�o�v�e�r�e�d� 

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

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

�o�i�l�s�,� �(�C�u�e�s�t�a�,� �e�t� �a�l�.�,� �1�9�9�3�;� �D�o�b�a�r�g�a�n�e�s�,� �e�t� �a�l�.�,� �1�9�9�3�;� �S�a�n�c�h�e�z�-�M�u�n�i�z�,� 

�e�t� �a�l�.�,� �1�9�9�3�)�.� �P�a�u�l�o�s�e� �a�n�d� �C�h�a�n�g� �(�1�9�7�2�)� �h�a�v�e� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� 

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

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

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

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

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

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

�f�o�r� �s�e�p�a�r�a�t�i�o�n� �a�n�d� �i�d�e�n�t�i�f�i�c�a�t�i�o�n� �i�n�c�l�u�d�e� �i�n�f�r�a�r�e�d� �a�b�s�o�r�b�a�n�c�e� �(�I�R�)�,� 

�n�u�c�l�e�a�r� �m�a�g�n�e�t�i�c� �r�e�s�o�n�a�n�c�e� �(�N�M�R�)�,� �h�i�g�h� �p�e�r�f�o�r�m�a�n�c�e� �s�i�z�e� �e�x�c�l�u�s�i�o�n� 

�c�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�H�P�S�E�C�)�,� �a�n�d� �p�l�a�s�m�a� �d�e�s�o�r�p�t�i�o�n� �m�a�s�s� �s�p�e�c�t�r�o�m�e�t�r�y� 
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�(�P�D�M�S�)�,� �(�S�a�n�d�e�r�s�,� �e�t�.� �a�l�,� �1�9�9�2�)�.� �B�e�r�m�a�n� �a�n�d� �L�o�e�b� �(�1�9�7�5�)� �h�a�v�e� 

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

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

�m�a�j�o�r�i�t�y� �o�f� �r�e�s�e�a�r�c�h�e�r�s�,� �(�C�h�a�n�g�,� �e�t� �a�l�.�,� �1�9�7�7�;� �F�r�a�n�k�e�l� �a�n�d� �H�u�a�n�g�,� 

�1�9�9�4�;� �F�r�i�t�s�c�h�,� �1�9�8�1�;� �N�e�f�f� �a�n�d� �S�e�l�k�e�,� �1�9�9�3�)� �h�a�v�e� �a�n�a�l�y�z�e�d� �t�h�e� 

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

�w�h�i�c�h� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �l�a�t�e�r� �i�n� �t�h�i�s� �s�e�c�t�i�o�n�,� �(�D�o�b�a�r�g�a�n�e�s�,� �e�t� �a�l�.�,� 

�1�9�9�3�;� �C�u�e�s�t�a�,� �e�t� �a�l�.�,� �1�9�9�3�;� �S�a�n�c�h�e�z�-�M�u�n�i�z�,� �e�t� �a�l�.�,� �1�9�9�3�)� �h�a�v�e� �b�e�e�n� 

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

�c�l�a�s�s�e�s�.� 

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

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

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

�c�l�a�s�s�e�s� �o�r� �t�o� �d�e�t�e�c�t� �t�h�e� �f�r�e�e� �f�a�t�t�y� �a�c�i�d� �l�e�v�e�l�s�.� �B�a�t�i� �(�1�9�8�9�)� �h�a�s� 

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

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

�s�a�m�p�l�e�.� �A�m�o�n�g� �t�h�e�s�e� �m�e�t�h�o�d�s� �a�r�e� �q�u�a�n�t�i�t�a�t�i�v�e� �T�L�C�,� �(�F�r�e�e�m�a�n�,� �1�9�7�4�)� 

�a�n�d� �h�i�g�h� �p�e�r�f�o�r�m�a�n�c�e� �T�L�C�,� �(�H�a�u�c�k�,� �e�t� �a�l�.�,� �1�9�8�7�)�.� �T�h�e� �A�m�e�r�i�c�a�n� �O�i�l� 

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

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

�f�o�l�l�o�w�e�d� �b�y� �T�L�C� �a�n�d� �A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d� �C�d� �2�0�-�9�1� �D�e�t�e�r�m�i�n�a�t�i�o�n� 

�o�f� �P�o�l�a�r� �C�o�m�p�o�u�n�d�s� �i�n� �F�r�y�i�n�g� �F�a�t�s� �(�A�O�C�S�,� �1�9�9�1�)�.� �T�h�e� �u�s�e� �o�f� 

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

�u�n�r�e�l�i�a�b�l�e�.� �B�a�t�i� �(�1�9�8�9�)� �h�a�s� �c�o�v�e�r�e�d� �s�o�m�e� �o�f� �t�h�e� �m�o�r�e� �c�o�m�m�o�n� 

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

�(�A�V�)�,� �a� �m�e�a�s�u�r�e� �o�f� �t�h�e� �f�r�e�e� �f�a�t�t�y� �a�c�i�d�s� �(�F�F�A�)� �i�s� �u�s�e�d� �d�u�e� �t�o� �i�t�s� 

�s�i�m�p�l�i�c�i�t�y�,� �(�R�o�b�a�r�d�s�,� �e�t�.� �a�l�,� �1�9�8�8�)�.� �T�h�e� �f�r�e�e� �f�a�t�t�y� �a�c�i�d�s� �a�r�e� �t�h�o�s�e� 

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

�t�r�i�g�l�y�c�e�r�i�d�e�,� �(�C�u�e�s�t�a�,� �e�t� �a�l�.�,� �1�9�9�3�)� �o�r� �f�r�o�m� �e�n�z�y�m�a�t�i�c� �c�l�e�a�v�a�g�e�,� 

�(�R�o�b�a�r�d�s�,� �1�9�8�8�)�.� �T�h�e� �f�r�e�e� �f�a�t�t�y� �a�c�i�d�s�,� �e�x�p�r�e�s�s�e�d� �a�s� �t�h�e� �a�c�i�d� �v�a�l�u�e� 

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

�t�h�e� �q�u�a�l�i�t�y� �o�f� �a� �f�r�y�i�n�g� �o�i�l� �(�W�a�r�n�e�r� �a�n�d� �M�o�u�n�t�s�,� �1�9�9�3�;� �W�a�r�n�e�r�,� �e�t� �a�i�l�.�,� 

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

�i�n� �A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d� �C�d� �3�d�-�6�3� �A�c�i�d� �V�a�l�u�e� �(�A�O�C�S�,� �1�9�6�3�)�.� 

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

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

�p�e�r�f�o�r�m�a�n�c�e� �s�i�z�e� �e�x�c�l�u�s�i�o�n� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�H�P�S�E�C�)�.� �T�h�e� �u�s�e� �o�f� 

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

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

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

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

�(�D�o�b�a�r�g�a�n�e�s�,� �e�t� �a�l�.�,� �1�9�9�3�)�.� �M�e�t�h�o�d�s� �u�t�i�l�i�z�i�n�g� �H�P�S�E�C� �w�e�r�e� �c�o�n�d�u�c�t�e�d� 

�b�y� �S�a�n�c�h�e�z�-�M�u�n�i�z�,� �e�t� �a�l�.�,� �(�1�9�9�3�)� �t�o� �c�o�m�p�a�r�e� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �p�o�l�a�r� 

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

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

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

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

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

�d�i�m�e�r�s�,� �i�n�c�r�e�a�s�i�n�g� �f�r�o�m� �0�.�1� �m�g�/�1�0�0� �m�g� �t�o� �6�.�7� �m�g�/�1�0�0� �m�g� �a�f�t�e�r� 
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�f�i�f�t�e�e�n� �f�r�y�i�n�g� �p�e�r�i�o�d�s�.� �D�i�f�f�e�r�e�n�c�e�s� �w�e�r�e� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� �f�r�e�e� �f�a�t�t�y� 

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

�0�.�4� �t�o� �0�.�6� �m�g�/�1�0�0� �m�g� �o�f� �o�i�l� �s�a�m�p�l�e�.� �S�i�m�i�l�a�r� �r�e�s�u�l�t�s� �w�e�r�e� �r�e�p�o�r�t�e�d� 

�b�y� �D�o�b�a�r�g�a�n�e�s�,� �e�t� �a�l�.�,� �(�1�9�9�3�)� �a�n�d� �b�y� �C�u�e�s�t�a�,� �e�t� �a�l�.�,� �(�1�9�9�3�)�.� �A� 

�r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �H�P�S�E�C� �c�h�r�o�m�a�t�o�g�r�a�m� �i�s� �p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �1�3�.� 

�C�.� �T�h�e� �T�h�e�r�m�a�l� �O�x�i�d�t�i�v�e� �S�t�a�b�i�l�i�t�y� �o�f� �V�e�g�e�t�a�b�l�e� �O�i�l�s� �U�s�e�d� 

�F�o�r� �F�r�y�i�n�g�.� 

�C�.� �1�.� �A�u�t�o�x�i�d�a�t�i�o�n� 

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

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

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

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

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

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

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

�a�n�d� �C�o�x�o�n�.�,� �1�9�8�7�;� �A�d�a�c�h�i�,� �e�t� �a�l�.�,� �1�9�9�5�;� �F�r�a�n�k�e�l� �a�n�d� �H�u�a�n�g�,� �1�9�9�4�;� �N�e�f�f� 

�a�n�d� �S�e�l�k�e�,� �1�9�9�3�)�.� �T�h�e� �o�v�e�r�a�l�l� �r�e�a�c�t�i�o�n� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �b�e�l�o�w�.� 

� � 

� � 

�I�n�i�t�i�a�t�i�o�n� �R�H� �>� �R� �(�1�)� 

�P�r�o�p�a�g�a�t�i�o�n� �R�-� �+�O�,� �>� �R�O�O�-� �(�2�)� 

�R�O�O�-� �+� �R�H� �>� �R�O�O�H� �+�R�:� � � 
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�F�i�g�u�r�e� �1�3�.� �R�e�p�r�e�s�e�n�t�a�t�i�v�e� �h�i�g�h� �p�e�r�f�o�r�m�a�n�c�e� �s�i�z�e� �e�x�c�l�u�s�i�o�n� �(�H�P�S�E�)� 
�c�h�r�o�m�a�t�o�g�r�a�m�s� �f�o�r� �s�u�n�f�l�o�w�e�r� �o�i�l�.� �A�=� �f�r�e�s�h� �s�u�n�f�l�o�w�e�r� �o�i�l�,� 

�E�=� �s�u�n�f�l�o�w�e�r� �o�i�l� �h�e�a�t�e�d� �f�o�r� �1�0� �h�o�u�r�s� �a�t� �1�8�0�°�C�,� �a�n�d� �C�=� 
�s�u�n�f�l�o�w�e�r� �o�i�l� �h�e�a�t�e�d� �f�o�r� �2�0� �h�o�u�r�s� �a�t� �1�8�0�°�C�.� �(�S�a�n�c�h�e�z�-� 
�m�u�n�i�z�,� �e�t�.� �a�l�,� �1�9�9�3�)� 

�N�o�t�e�s�:� 

�1�=� �T�r�i�g�l�y�c�e�r�i�d�e� �p�o�l�y�m�e�r�s� 
�2�=� �T�r�i�g�l�y�c�e�r�i�d�e� �d�i�m�e�r�s� 
�3�=� �O�x�i�d�i�z�e�d� �t�r�i�g�l�y�c�e�r�i�d�e�s� 
�4�=� �D�i�g�l�y�c�e�r�i�d�e�s� 
�5�=� �F�r�e�e� �f�a�t�t�y� �a�c�i�d�s� 
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� � �T�e�r�m�i�n�a�t�i�o�n� �2�R�-� �>� �R�-�R� �(�3�)� 

�W�h�e�r�e�,� 

�R�H� �=�t�h�e� �a�l�k�e�n�o�i�c� �a�c�i�d� �R�R� �=� �t�h�e� �a�l�k�e�n�y�l� �r�a�d�i�c�a�l� 

�R�O�O�:� �=� �t�h�e� �p�e�r�o�x�y� �r�a�d�i�c�a�l� �R�O�O�H� �=� �t�h�e� �h�y�d�r�o�p�e�r�o�x�i�d�e� 

�A�u�t�o�x�i�d�a�t�i�o�n� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� �3� �b�a�s�i�c� �s�t�e�p�s� �a�b�o�v�e�,� �c�h�a�i�n� 

�i�n�i�t�i�a�t�i�o�n�,� �c�h�a�i�n� �p�r�o�p�a�g�a�t�i�o�n�,� �a�n�d� �c�h�a�i�n� �t�e�r�m�i�n�a�t�i�o�n� �(�S�i�m�i�c�,� �e�t� �a�l�.�,� 

�1�9�9�2�;� �C�h�a�n� �a�n�d� �C�o�x�o�n�,� �1�9�8�7�)�.� �A�s� �p�r�e�v�i�o�u�s�l�y� �s�t�a�t�e�d�,� �t�h�e�r�e� �i�s� �s�o�m�e� 

�d�i�s�p�u�t�e� �a�b�o�u�t� �t�h�e� �a�c�t�u�a�l� �i�n�i�t�i�a�t�i�o�n� �o�f� �a�u�t�o�x�i�d�a�t�i�o�n�.� �R�e�s�e�a�r�c�h� �(�C�h�a�n� 

�a�n�d� �C�o�x�o�n�.�,� �1�9�8�7�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� �m�o�l�e�c�u�l�a�r� �o�x�y�g�e�n� �i�n� �t�h�e� �t�r�i�p�l�e�t� 

�s�t�a�t�e� �(�°�O�,�)� �r�e�a�c�t�i�n�g� �w�i�t�h� �a�n� �o�l�e�f�i�n� �(�a�l�k�e�n�y�l�)� �i�s� �h�i�g�h�l�y� �u�n�l�i�k�e�l�y� �d�u�e� �t�o� 

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

�3�5� �k�c�a�l�/�m�o�l�e�.� 

�R�H� �+� �3�0�,� �>� �R�-�+�H�O�,�:� �[�3�5� �K�e�a�l�/�m�o�l�e�]� �(�4�)� � � 

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

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

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

�C�o�x�o�n�,� �1�9�8�7�)�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �r�e�a�c�t�i�o�n� �o�f� �a� �t�r�i�p�l�e�t� �s�t�a�t�e� �m�o�l�e�c�u�l�e� 

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

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

�(�G�e�r�m�a�n�,� �e�t� �a�l�.�,� �1�9�9�2�)�.� 

�O�x�y�g�e�n� �i�n� �t�h�e� �s�i�n�g�l�e�t� �s�t�a�t�e� �(�'�0�,�)� �h�o�w�e�v�e�r�,� �i�s� �b�e�l�i�e�v�e�d� �t�o� �p�r�o�d�u�c�e� 

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

�(�N�a�w�a�r�,� �1�9�8�5�)�.� �T�h�e� �s�p�i�n� �c�o�n�s�e�r�v�a�t�i�o�n� �i�s� �m�a�i�n�t�a�i�n�e�d� �i�n� �t�h�i�s� �r�e�a�c�t�i�o�n� 

�(�S� �+� �S� �=� �S�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �a�c�t�i�v�a�t�i�o�n� �e�n�e�r�g�y� �f�o�r� �t�h�e� �c�l�e�a�v�a�g�e� �o�f� �t�h�e� 

�h�y�d�r�o�p�e�r�o�x�i�d�e� �i�s� �r�e�l�a�t�i�v�e�l�y� �h�i�g�h� �(�4�4� �k�c�a�l�/�m�o�l�e�)�,� �m�a�k�i�n�g� �t�h�i�s� 

�e�x�p�l�a�n�a�t�i�o�n� �a�p�p�e�a�r� �u�n�l�i�k�e�l�y� �(�C�h�a�n� �a�n�d� �C�o�x�o�n�,� �1�9�8�7�)�.� �R�e�s�e�a�r�c�h� �(�N�e�f�f�,� 

�e�t� �a�l�.�,� �1�9�9�3�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� �p�u�r�i�f�i�e�d� �v�e�g�e�t�a�b�l�e� �o�i�l�s� �e�x�p�o�s�e�d� �t�o� �l�i�g�h�t� 

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

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

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

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

�b�e�l�i�e�v�e�d� �t�o� �o�c�c�u�r� �b�y� �p�h�o�t�o�x�i�d�a�t�i�o�n� �(�N�e�f�f�,� �e�t� �a�l�.�,� �1�9�9�3�)� �a�n�d� �b�y� 

�p�h�o�t�o�s�e�n�s�i�t�i�z�a�t�i�o�n� �f�r�o�m� �p�i�g�m�e�n�t�s� �i�n� �f�o�o�d�s� �(�N�a�w�a�r�,� �1�9�8�5�)�.� �N�a�w�a�r� 

�(�1�9�8�5�)� �h�a�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �m�o�s�t� �l�i�k�e�l�y� �s�p�i�n� �s�t�a�t�e�s� �o�f� �t�h�e� �s�i�n�g�l�e�t� 

�o�x�y�g�e�n� �a�r�e� �a�n�t�i�p�a�r�a�l�l�e�l� �o�c�c�u�r�r�i�n�g� �i�n� �2� �d�i�f�f�e�r�e�n�t� �a�n�t�i�b�o�n�d�i�n�g� �p�i� 

�o�r�b�i�t�a�l�s�.� �T�h�i�s� �s�i�n�g�l�e�t� �s�t�a�t�e� �i�s� �1�5� �k�c�a�l�/�m�o�l�e� �h�i�g�h�e�r� �i�n� �e�n�e�r�g�y� �t�h�a�n� 

�t�h�e� �s�i�n�g�l�e�t� �s�p�i�n� �s�t�a�t�e� �w�i�t�h� �b�o�t�h� �e�l�e�c�t�r�o�n�s� �i�n� �o�n�e� �p�i� �o�r�b�i�t�a�l� �a�n�d� �3�7� 

�k�c�a�l�/�m�o�l�e� �h�i�g�h�e�r� �t�h�a�n� �9�0�,�.� �N�a�w�a�r� �(�1�9�8�5�)� �a�l�s�o� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �c�e�r�t�a�i�n� 

�c�o�m�p�o�n�e�n�t�s� �s�u�c�h� �a�s� �b�e�t�a�-�c�a�r�o�t�e�n�e�,� �B�H�T�,� �B�H�A�,� �a�n�d� �t�o�c�o�p�h�e�r�o�l�s� �s�e�r�v�e� 

�a�s� �s�i�n�g�l�e�t� �s�t�a�t�e� �o�x�y�g�e�n� �q�u�e�n�c�h�e�r�s�,� �r�e�d�u�c�i�n�g� �t�h�e� �'�O�,� �a�c�t�i�v�i�t�y�.� 

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

�p�r�e�s�e�n�c�e� �o�f� �t�r�a�n�s�i�t�i�o�n� �m�e�t�a�l�s� �(�C�h�a�n� �a�n�d� �C�o�x�o�n�,� �1�9�8�7�;� �S�i�m�i�c�,� �e�t� �a�l�.�,� 
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�1�9�9�2�)� �a�n�d� �u�n�i�m�o�l�e�c�u�l�a�r� �a�n�d� �b�i�m�o�l�e�c�u�l�a�r� �r�e�a�c�t�i�o�n�s� �(�C�h�a�n� �a�n�d� �C�o�x�o�n�,� 

�1�9�8�7�)�.� �T�h�e� �u�n�i�m�o�l�e�c�u�l�a�r� �i�s� �t�h�e� �r�e�a�c�t�i�o�n� �d�e�s�c�r�i�b�e�d� �a�b�o�v�e�,� �w�h�e�r�e� �t�h�e� 

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

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

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

�o�n�c�e� �t�h�e� �i�n�i�t�i�a�t�i�o�n� �p�r�o�c�e�s�s� �h�a�s� �b�e�g�u�n� �(�C�h�a�n� �a�n�d� �C�o�x�o�n�,� �1�9�8�7�)�.� 

� � �2�R�O�O�H� �>� �R�O�-�+�H�,�O� �+� �R�O�,�;� �(�5�)� 

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

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

�d�i�s�s�o�c�i�a�t�i�o�n� �f�o�r� �t�h�e� �m�e�t�h�y�l�e�n�e� �c�a�r�b�o�n� �i�s� �r�e�p�o�r�t�e�d� �a�s� �-�1�5� �k�c�a�l�/�m�o�l�e� 

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

�m�e�c�h�a�n�i�s�m� �(�C�h�a�n� �a�n�d� �C�o�x�o�n�,� �1�9�8�7�)�.� 

�R�H� �+� �M�I�!� �>� �R� �+�H�*�t� �+�M�!� �(�6�)� � � 

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

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

�a�l�o�n�e� �(�S�i�m�i�c�,� �e�t� �a�l�.�,� �1�9�9�2�)�.� 

� � �O�,� �+� �F�e�l�!� �>� �O�,� �+� �F�e�l�l�!� �(�7�)� 

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

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

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

�r�e�s�u�l�t� �f�r�o�m� �a� �v�a�r�i�e�t�y� �o�f� �m�e�c�h�a�n�i�s�m�s� �(�C�h�a�n� �a�n�d� �C�o�x�o�n�,� �1�9�8�7�;� �N�e�f�f�,� �e�t� 

�a�l�.�,� �1�9�9�3�;� �S�i�m�i�c�,� �e�t� �a�l�.�,� �1�9�9�2�;� �N�a�w�a�r�,� �1�9�8�5�)�.� �T�h�e� �p�r�o�c�e�s�s� �i�s� �l�a�r�g�e�l�y� 

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

�a�n�d� �C�o�x�o�n�,� �1�9�8�7�)�.� 

�C�h�a�i�n� �p�r�o�p�a�g�a�t�i�o�n� �a�n�d� �t�e�r�m�i�n�a�t�i�o�n� �a�r�e� �p�e�r�h�a�p�s� �t�h�e� �t�w�o� �m�o�s�t� 

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

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

�a�n�a�l�y�s�i�s� �o�f� �i�n�t�e�r�m�e�d�i�a�t�e� �p�r�o�d�u�c�t�s� �(�C�u�e�s�t�a�,� �e�t� �a�l�.�,� �1�9�9�3�)� �a�n�d� 

�t�e�r�m�i�n�a�t�i�o�n� �p�r�o�d�u�c�t�s� �(�A�d�a�c�h�i�,� �e�t� �a�l�.�,� �1�9�9�5�;� �F�r�a�n�k�e�l� �a�n�d� �H�u�a�n�g�,� �1�9�9�4�;� 

�N�e�f�f� �a�n�d� �S�e�l�k�e�,� �1�9�9�3�;� �W�u� �a�n�d� �C�h�e�n�,� �1�9�9�2�)�.� 

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

�f�o�r�m�a�t�i�o�n� �o�f� �a� �h�y�d�r�o�p�e�r�o�x�i�d�e� �(�C�h�a�n� �a�n�d� �C�o�x�o�n�,� �1�9�8�7�;� �S�i�m�i�c�,� �e�t� �a�l�.�,� 

�1�9�9�2�)�.� �T�h�e� �f�i�r�s�t� �s�t�e�p� �i�n�v�o�l�v�e�s� �t�h�e� �i�n�t�e�r�a�c�t�i�o�n� �o�f� �a� �f�r�e�e� �r�a�d�i�c�a�l� �a�n�d� 

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

�1�9�8�7�)�.� �T�h�e� �r�e�a�c�t�i�o�n� �p�r�o�c�e�e�d�s� �r�a�p�i�d�l�y� �w�i�t�h� �a�n� �a�c�t�i�v�a�t�i�o�n� �e�n�e�r�g�y� �n�e�a�r� 

�z�e�r�o�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �r�e�a�c�t�i�o�n� �m�a�i�n�t�a�i�n�s� �s�p�i�n� �c�o�n�s�e�r�v�a�t�i�o�n� �(�D� �+� �T� �=� 

�D�)� �b�e�t�w�e�e�n� �t�h�e� �r�e�a�c�t�a�n�t�s� �a�n�d� �p�r�o�d�u�c�t�,� �w�h�e�r�e� �D� �r�e�p�r�e�s�e�n�t�s� �t�h�e� 

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

� � 

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

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

� � �R�O�,� �+� �R�H� �>� �R�O�O�H� �+�R�:� �(�9�)� 

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

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

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

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

�t�h�e� �h�y�d�r�o�p�e�r�o�x�i�d�e�.� 

�K�,� �[�R�-�]� �[�0�2�]� �=� �K�,� �[�R�O�]� �[�R�H�]� �(�1�0�)� 

�W�h�e�r�e�,� 

�K�,� �=� �t�h�e� �k�i�n�e�t�i�c� �r�a�t�e� �o�f� �o�x�y�g�e�n� 

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

�R�e�s�e�a�r�c�h� �(�A�d�a�c�h�i�,� �e�t� �a�l�.�,� �1�9�9�5�;� �M�y�a�s�h�i�t�a�,� �e�t� �a�l�.�,� �1�9�9�0�)� �h�a�s� �s�h�o�w�n� 

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

�u�n�s�a�t�u�r�a�t�i�o�n�.� �L�i�n�o�l�e�n�i�c� �a�c�i�d� �(�C�1�8�:�3�)� �r�e�a�c�t�s� �m�o�r�e� �r�a�p�i�d�l�y� �t�h�a�n� 

�l�i�n�o�l�e�i�c� �a�c�i�d� �(�C�1�8�:�2�)�,� �w�h�i�c�h� �r�e�a�c�t�s� �m�o�r�e� �r�a�p�i�d�l�y� �t�h�a�n� �o�l�e�i�c� �a�c�i�d� 

�(�C�1�8�:�1�)�.� �S�i�m�i�l�a�r� �f�i�n�d�i�n�g�s� �h�a�v�e� �b�e�e�n� �f�o�u�n�d� �i�n� �s�t�u�d�i�e�s� �u�s�i�n�g� �v�e�g�e�t�a�b�l�e� 

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

�H�u�a�n�g�,� �1�9�9�4�;� �N�e�f�f�,� �e�t� �a�l�.�,� �1�9�9�1�;� �W�a�r�n�e�r� �a�n�d� �M�o�u�n�t�s�,� �1�9�9�3�)�.� �T�h�e� 
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�e�x�p�l�a�n�a�t�i�o�n� �o�f� �t�h�e� �h�i�g�h�e�r� �a�u�t�o�x�i�d�a�t�i�o�n� �r�a�t�e�s� �f�o�r� �p�o�l�y�u�n�s�a�t�u�r�a�t�e�d� 

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

�o�f� �d�e�l�o�c�a�l�i�z�a�t�i�o�n� �(�C�h�a�n� �a�n�d� �C�o�x�o�n�,� �1�9�8�7�)�.� �T�h�e� �b�o�n�d� �d�i�s�s�o�c�i�a�t�i�o�n� 

�e�n�e�r�g�y� �D�(�R�-�H�)� �f�o�r� �a�l�k�e�n�y�l� �m�e�t�h�y�l�e�n�e� �g�r�o�u�p�s�,� �i�s� �o�n� �t�h�e� �a�v�e�r�a�g�e� �o�f� �2�0� 

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

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

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

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

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

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

�a�b�i�l�i�t�y� �f�o�r� �d�e�l�o�c�a�l�i�z�a�t�i�o�n�.� 

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

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

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

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

�h�y�d�r�o�p�e�r�o�x�i�d�e� �(� �C�h�a�n� �a�n�d� �C�o�x�o�n�,� �1�9�8�7�;� �G�e�r�m�a�n�,� �e�t� �a�l�.�,� �1�9�9�2�;� �N�a�w�a�r�,� 

�1�9�8�5�)�.� �T�h�e� �h�y�r�o�p�e�r�o�x�i�d�e� �d�e�c�o�m�p�o�s�i�t�i�o�n� �o�c�c�u�r�s� �i�n� �t�w�o� �d�i�s�t�i�n�c�t� 

�s�t�e�p�s�,� �b�e�t�a�-�s�c�i�s�s�i�o�n� �a�n�d� �c�a�r�b�o�n�-�c�a�r�b�o�n� �c�l�e�a�v�a�g�e�.� 

�I�n� �b�e�t�a�-�s�c�i�s�s�i�o�n� �t�h�e� �b�o�n�d� �o�c�c�u�r�r�i�n�g� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �o�x�y�g�e�n� 

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

�r�a�d�i�c�a�l� �(�N�a�w�a�r�,� �1�9�8�5�;� �N�e�f�f� �a�n�d� �S�e�l�k�e�,� �1�9�9�3�)�.� �I�n� �t�h�e� �s�e�c�o�n�d� �s�t�e�p�,� �t�h�e� 

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

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

�i�n� �a�n� �a�l�d�e�h�y�d�e� �a�n�d� �a�n� �o�r�g�a�n�i�c� �a�c�i�d� �(�N�a�w�a�r�,� �1�9�8�5�;� �N�e�f�f� �a�n�d� �S�e�l�k�e�,� 
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�1�9�9�3�)�.� �I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e�s�e� �s�t�e�p�s� �a�n�d� �a�l�l� �o�t�h�e�r� �s�t�e�p�s� 

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

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

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

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

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

�a�l�.�,� �1�9�7�7�;� �F�r�i�t�s�c�h�,� �1�9�8�1�;� �N�e�f�f�,� �e�t� �a�l�.�,� �1�9�9�1�;� �R�o�b�a�r�d�s�,� �e�t� �a�l�.�,� �1�9�8�8�;� 

�W�a�r�n�e�r�,� �e�t� �a�l�.�,� �1�9�9�4�;� �W�u� �a�n�d� �C�h�e�n�,� �1�9�9�2�;� �M�y�a�s�h�i�t�a�,� �e�t� �a�l�.�,� �1�9�9�0�)�.� 

�R�e�s�e�a�r�c�h� �(�Y�o�o�n�,� �e�t� �a�l�.�,� �1�9�8�8�)� �h�a�s� �a�l�s�o� �s�h�o�w�n� �t�h�a�t� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� 

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

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

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

�i�n�c�r�e�a�s�e�s�.� �W�a�r�n�e�r� �a�n�d� �M�o�u�n�t�s� �(�1�9�9�3�)� �o�b�s�e�r�v�e�d� �t�h�a�t� �t�h�e� �r�a�t�e� �o�f� 

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

�a�s� �t�h�e� �h�o�u�r�s� �o�f� �h�e�a�t�i�n�g� �a�t� �1�9�0� �d�e�g�r�e�e�s� �C�e�l�s�i�u�s� �i�n�c�r�e�a�s�e�d�.� �P�r�e�s�e�n�t�l�y�,� 

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

�t�h�r�o�u�g�h� �g�e�n�e�t�i�c� �e�n�g�i�n�e�e�r�i�n�g� �(�K�i�n�n�e�y�,� �1�9�9�4�;� �K�n�u�t�z�o�n�,� �e�t� �a�l�.�,� �1�9�9�2�)�,� �b�y� 

�v�e�g�e�t�a�b�l�e� �o�i�l� �b�l�e�n�d�i�n�g� �(�F�r�a�n�k�e�l� �a�n�d� �H�u�a�n�g�,� �1�9�9�4�)�,� �a�n�d� �b�y� 

�i�n�t�e�r�e�s�t�e�r�i�f�i�c�a�t�i�o�n� �(�N�e�f�f�,� �e�t� �a�l�.�,� �1�9�9�4�b�)�.� �E�a�c�h� �o�f� �t�h�e�s�e� �m�o�d�i�f�i�c�a�t�i�o�n�s� 

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

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

�C�.� �1�.� �a�.� �P�e�r�o�x�i�d�a�t�i�o�n� �o�f� �L�i�n�o�l�e�i�c�,� �L�i�n�o�l�e�n�i�c�,� �a�n�d� �O�l�e�i�c� �A�c�i�d�.� 

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

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

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

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

�o�l�e�i�c�,� �l�i�n�o�l�e�i�c�,� �a�n�d� �l�i�n�o�l�e�n�i�c� �a�c�i�d�.� 

�O�l�e�i�c� �a�c�i�d� �c�o�n�t�a�i�n�s� �o�n�e� �d�o�u�b�l�e� �b�o�n�d� �a�t� �t�h�e� �n�i�n�t�h� �a�n�d� �t�e�n�t�h� 

�c�a�r�b�o�n�s�.� �T�h�e� �t�w�o� �b�o�r�d�e�r�i�n�g� �m�e�t�h�y�l�e�n�e� �c�a�r�b�o�n�s�,� �(�c�a�r�b�o�n�s� �8� �a�n�d� �1�1� �o�f� 

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

�b�y� �s�i�n�g�l�e�t� �o�x�y�g�e�n� �(�N�a�w�a�r�,� �1�9�8�5�)� �o�r� �b�y� �a� �t�r�a�n�s�i�t�i�o�n� �m�e�t�a�l� �o�r� 

�d�i�s�s�o�l�v�e�d� �f�r�e�e� �r�a�d�i�c�a�l� �(�C�h�a�n� �a�n�d� �C�o�x�o�n�,� �1�9�8�7�)�.� �T�h�e� �r�e�s�u�l�t� �f�r�o�m� �t�h�e� 

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

�A�b�s�t�r�a�c�t�i�o�n� �a�t� �t�h�e� �e�i�g�h�t�h� �c�a�r�b�o�n� �c�a�n� �l�e�a�d� �t�o� �a� �8�-�O�O�H� �a�n�d� �a� �1�0�-�O�O�H� 

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

�i�n� �a� �9�-�O�O�H� �a�n�d� �a� �1�1�-�O�O�H� �h�y�d�r�o�p�e�r�o�x�i�d�e� �(�C�h�a�n� �a�n�d� �C�o�x�o�n�,� �1�9�8�7�)�.� 

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

�d�o�u�b�l�e� �b�o�n�d� �(�c�a�r�b�o�n�s� �8�,� �1�0�,� �a�n�d� �1�4�)�,� �t�h�e� �t�e�n�t�h� �m�e�t�h�y�l�e�n�e� �c�a�r�b�o�n� �i�s� 

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

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

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

�1�9�8�7�)�.� �T�h�e� �m�a�j�o�r� �h�y�d�r�o�p�e�r�o�x�i�d�e�s� �f�o�r�m�e�d� �a�r�e� �(�t�r�a�n�s�,� �c�i�s� �a�n�d� �t�r�a�n�s�,� 

�t�r�a�n�s�)� �1�3�-�O�O�H� �a�n�d� �(�t�r�a�n�s�,� �t�r�a�n�s� �a�n�d� �c�i�s�,� �t�r�a�n�s�)� �9�-�O�O�H�.� �R�e�s�e�a�r�c�h� 

�(�N�e�f�f� �a�n�d� �S�e�l�k�e�,� �1�9�9�3�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� �t�h�e� �p�r�e�s�e�r�v�a�t�i�o�n� �o�f� �t�h�e� 

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

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

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

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

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

�p�o�i�n�t�s� �o�f� �a�b�s�t�r�a�c�t�i�o�n� �a�r�e� �c�a�r�b�o�n�s� �1�1� �a�n�d� �1�4� �o�n� �t�h�e� �f�a�t�t�y� �a�c�i�d� �c�h�a�i�n�.� 

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

�c�o�n�f�i�g�u�r�a�t�i�o�n�s�,� �9�-�O�O�H�,� �1�1�-�O�O�H�,� �1�3�-�O�Q�H�,� �1�2�-�O�O�H�,� �1�4�-�O�Q�H�,� �a�n�d� �1�6�-� 

�O�O�H� �(�G�e�r�m�a�n�,� �e�t� �a�l�,� �1�9�9�2�,� �M�y�a�s�h�i�t�a�,� �e�t� �a�l�.�,� �1�9�9�0�)�.� �R�e�s�e�a�r�c�h� 

�(�R�a�g�h�u�v�e�e�r� �a�n�d� �H�a�m�m�o�n�d�,� �1�9�6�6�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� �t�h�e� �r�a�t�e� �o�f� 

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

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

�H�a�m�m�o�n�d� �(�1�9�6�6�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �u�n�s�a�t�u�r�a�t�e�d� �f�a�t�t�y� �a�c�i�d�s� �i�n� �t�h�e� 

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

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

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

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

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

�r�a�t�e� �o�f� �a�u�t�o�x�i�d�a�t�i�o�n�.� 

�F�u�r�t�h�e�r� �r�e�s�e�a�r�c�h� �(�M�y�a�s�h�i�t�a�,� �e�t� �a�l�.�,� �1�9�9�0�)� �h�a�s� �c�l�a�r�i�f�i�e�d� �t�h�e� �a�c�t�u�a�l� 

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

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

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

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

�t�o�t�a�l� �r�e�d�u�c�t�i�o�n� �o�f� �d�o�u�b�l�e� �b�o�n�d�s� �a�t� �t�h�e� �s�n� �p�o�s�i�t�i�o�n�s� �1� �a�n�d� �3� �w�e�r�e� �l�e�s�s� 

�p�r�o�n�e� �t�o� �a�u�t�o�x�i�d�a�t�i�o�n�.� �H�o�w�e�v�e�r�,� �w�h�e�n� �t�h�e� �s�n� �2� �p�o�s�i�t�i�o�n� �w�a�s� �r�e�p�l�a�c�e�d� 

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

�l�i�n�o�l�e�i�c�,� �a�n�d� �l�i�n�o�l�e�n�i�c� �a�c�i�d� �a�r�e� �p�r�e�s�e�n�t�e�d� �i�n� �T�a�b�l�e� �3�.� 

�C�.� �2�.� �T�h�e�r�m�a�l� �P�o�l�y�m�e�r�i�z�a�t�i�o�n� 

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

�u�s�e�d� �f�o�r� �f�r�y�i�n�g� �(�F�i�r�e�s�t�o�n�e�,� �1�9�9�4�;� �T�h�o�m�p�s�o�n� �a�n�d� �A�u�s�t�,� �1�9�8�3�;� �C�h�a�n�g�,� 

�e�t� �a�l�.�,� �1�9�7�7�)�.� �R�e�s�e�a�r�c�h� �(�C�h�a�n�g�,� �e�t� �a�l�.�,� �1�9�7�7�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� �t�h�e� 

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

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

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

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

�s�i�m�u�l�a�t�e�d� �f�r�y�i�n�g� �p�e�r�i�o�d�s� �(�C�h�a�n�g�,� �e�t� �a�l�.�,� �1�9�7�7�)�.� �T�h�e� �c�o�n�c�l�u�d�i�n�g� 

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

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

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

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

�T�h�e� �D�i�e�l�s� �A�l�d�e�r� �r�e�a�c�t�i�o�n� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �a�n� �_� �i�n�t�e�r�a�c�t�i�o�n� 

�b�e�t�w�e�e�n� �a� �m�o�n�o�e�n�e� �(�m�o�n�o�u�n�s�a�t�u�r�a�t�e�d� �c�o�m�p�o�u�n�d�)� �a�n�d� �a� �c�o�n�j�u�g�a�t�e�d� 

�d�i�e�n�e� �(�p�o�l�y�u�n�s�a�t�u�r�a�t�e�d� �c�o�m�p�o�u�n�d�)� �(�B�e�r�m�a�n� �a�n�d� �L�o�e�b�,� �1�9�7�5�)�.� �I�n� �t�h�i�s� 

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

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

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

�e�n�c�o�m�p�a�s�s�e�s� �b�o�t�h� �f�a�t�t�y� �a�c�i�d�s�,� �c�a�n� �o�c�c�u�r� �i�n� �a� �m�u�l�t�i�t�u�d�e� �o�f� �i�s�o�m�e�r�i�c� 
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�T�a�b�l�e� �3�.� �M�a�j�o�r� �v�o�l�a�t�i�l�e�s� �p�r�o�d�u�c�e�d� �d�u�r�i�n�g� �a�u�t�o�x�i�d�a�t�i�o�n� �o�f� �o�l�e�i�c�,� 
�l�i�n�o�l�e�i�c�,� �a�n�d� �l�i�n�o�l�e�n�i�c� �a�c�i�d�.� 
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�C�o�m�p�o�u�n�d� �C�1�8�:�1� �C�1�8�:�2� �C�1�8�:�3� 

�H�e�x�a�n�a�l� �+� 

�H�e�p�t�a�n�a�l� �+� �+� 

�(�Z�)�-�2�-�H�e�p�t�e�n�a�l� �+� 

�(�Z�,�Z�)�-�2�,�4�-� �+� 
�H�e�p�t�a�d�i�e�n�a�l� 

�(�Z�,�Z�)�-�2�,�4�-� �+� 
�D�e�c�a�d�i�e�n�a�l� 

�N�o�n�a�n�a�l� �+� � � � � � � � � 

� � 

�(�C�h�a�n� �a�n�d� �C�o�x�o�n�,� �1�9�8�7�)� 

�N�o�t�e�s�:� 

�1�.� �C ¬�1�8�:�1� �=� �O�l�e�i�c� �a�c�i�d� 

�2�.� �©�C�1�8�:�2� �=� �L�i�n�o�l�e�i�c� �a�c�i�d� 

�3�.� �©�1�8�:�3� �=� �L�i�n�o�l�e�n�i�c� �a�c�i�d� 
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�f�o�r�m�s� �(�B�e�r�m�a�n� �a�n�d� �L�o�e�b�,� �1�9�7�5�)�.� �I�n� �g�e�n�e�r�a�l�,� �e�a�c�h� �o�f� �t�h�e� �c�a�r�b�o�x�y�l� 

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

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

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

�t�r�i�m�e�r�s� �c�o�m�e�s� �f�r�o�m� �i�n�d�u�s�t�r�i�a�l� �r�e�s�e�a�r�c�h� �(�B�e�r�m�a�n� �a�n�d� �L�o�e�b�,� �1�9�7�5�)�.� 

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

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

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

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

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

�(�S�e�c�t�i�o�n� �C�.� �1�.� �a�.�)� �r�e�s�u�l�t�s� �f�r�o�m� �a�u�t�o�x�i�d�a�t�i�o�n� �o�f� �l�i�n�o�l�e�i�c� �a�n�d� �l�i�n�o�l�e�n�i�c� 

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

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

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

�'� �(�1�9�2�9�)� �a�n�d� �K�a�p�p�e�l�m�e�i�e�r� �(�1�9�3�3�)�.� �K�a�p�p�e�l�m�e�i�e�r� �(�1�9�3�3�)� �p�o�s�t�u�l�a�t�e�d� �t�h�a�t� 

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

�c�o�n�j�u�g�a�t�e�d� �a�n�d� �n�o�n�c�o�n�j�u�g�a�t�e�d� �f�a�t�t�y� �a�c�i�d�.� 

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

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

�1�9�8�3�;� �C�h�a�n�g�,� �e�t� �a�l�.�,� �1�9�7�7�)� �h�a�s� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e�r�m�a�l� �p�o�l�y�m�e�r�s� �a�n�d� 

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

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

�1�9�9�3�;� �D�o�b�a�r�g�a�n�e�s�,� �e�t� �a�l�.�,� �1�9�9�3�;� �H�a�n�s�e�n�,� �e�t� �a�l�.�,� �1�9�9�4�;� �W�h�i�t�e� �a�n�d� �W�a�n�g�,� 

�1�9�8�6�)� �h�a�v�e� �f�o�c�u�s�e�d� �o�n� �t�h�e� �q�u�a�n�t�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e�r�m�a�l� �p�o�l�y�m�e�r�s� �a�n�d� 
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�t�h�e�i�r� �i�m�p�a�c�t� �o�n� �v�e�g�e�t�a�b�l�e� �o�i�l� �s�t�a�b�i�l�i�t�y�.� �R�e�s�e�a�r�c�h� �(�W�h�i�t�e� �a�n�d� �W�a�n�g�,� 

�1�9�8�6�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� �p�o�l�y�m�e�r�i�z�e�d� �t�r�i�g�l�y�c�e�r�i�d�e�s� �a�n�d� �c�y�c�l�i�c� �d�i�m�e�r� 

�l�e�v�e�l�s� �i�n�c�r�e�a�s�e�d� �s�i�g�n�i�f�i�c�a�n�t�l�y� �i�n� �s�o�y�b�e�a�n� �o�i�l� �h�e�a�t�e�d� �f�o�r� �5�6� �h�o�u�r�s� �a�t� 

�1�8�0� �d�e�g�r�e�e�s� �C�e�l�s�i�u�s�.� �I�n� �a� �s�t�u�d�y� �c�o�n�d�u�c�t�e�d� �b�y� �H�a�n�s�e�n�,� �e�t� �a�l�.� �(�1�9�9�4�)�,� 

�p�o�l�y�m�e�r�i�z�e�d� �p�r�o�d�u�c�t�s� �f�r�o�m� �9�9�%� �p�u�r�e� �t�r�i�o�l�e�i�n� �w�e�r�e� �o�b�s�e�r�v�e�d�.� �T�h�e� 

�t�r�i�o�l�e�i�n� �w�a�s� �h�e�a�t�e�d� �f�o�r� �1�2� �h�o�u�r�s� �p�e�r� �d�a�y� �a�t� �1�9�0� �d�e�g�r�e�e�s� �C�e�l�s�i�u�s�,� �a�n�d� 

�a�f�t�e�r� �6�0� �h�o�u�r�s� �o�f� �h�e�a�t�i�n�g�,� �t�h�e� �r�e�s�e�a�r�c�h�e�r�s� �r�e�p�o�r�t�e�d� �2�0�%� �o�r� �g�r�e�a�t�e�r� 

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

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

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

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

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

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

�t�h�e� �o�t�h�e�r� �1�%�,� �t�h�e�r�e�f�o�r�e�,� �t�h�e� �D�i�e�l�s� �A�l�d�e�r� �R�e�a�c�t�i�o�n� �c�a�n� �n�o�t� �b�e� �r�u�l�e�d� 

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

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

�n�u�m�b�e�r� �o�f� �r�e�s�e�a�r�c�h�e�r�s� �(�H�a�n�s�e�n�,� �e�t� �a�l�.�,� �1�9�9�4�;� �C�u�e�s�t�a�,� �e�t� �a�l�.�,� �1�9�9�3�;� 

�D�o�b�a�r�g�a�n�e�s�,� �e�t� �a�l�.�,� �1�9�9�3�;� �F�i�r�e�s�t�o�n�e�,� �1�9�9�4�;� �W�h�i�t�e� �a�n�d� �W�a�n�g�,� �1�9�8�6�)� 

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

�i�n�d�i�c�a�t�o�r� �o�f� �f�r�y�i�n�g� �o�i�l� �q�u�a�l�i�t�y�.� �H�a�n�s�e�n�,� �e�t� �a�l�.�,� �(�1�9�9�4�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� 

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

�p�o�i�n�t�.� �T�h�e� �s�a�m�e� �r�e�s�e�a�r�c�h� �t�e�a�m� �a�l�s�o� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �t�h�e� �u�s�e� �o�f� �H�P�S�E�C� 

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

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

�i�n�d�i�c�a�t�e�d� �(�s�e�c�t�i�o�n� �B�.� �6�.�)� �h�i�g�h� �p�e�r�f�o�r�m�a�n�c�e� �s�i�z�e� �e�x�c�l�u�s�i�o�n� 

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

�C�.� �3�.� �T�h�e�r�m�a�l� �H�y�d�r�o�l�y�s�i�s� 

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

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

�d�i�g�l�y�c�e�r�i�d�e�s�,� �a�n�d� �f�r�e�e� �f�a�t�t�y� �a�c�i�d�s� �(�R�o�b�a�r�d�s�,� �e�t�.� �a�l�,� �1�9�8�8�)�.� �T�h�i�s� 

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

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

�d�e�s�c�r�i�b�e�d� �b�y� �V�a�n� �N�e�s�s� �(�1�9�8�1�)� �i�n�v�o�l�v�e�s� �t�h�e� �d�e�a�c�t�i�v�a�t�i�o�n� �o�f� �l�i�p�a�s�e� 

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

�e�n�z�y�m�e�s� �t�h�a�t� �w�o�u�l�d� �o�c�c�u�r� �a�t� �f�r�y�i�n�g� �t�e�m�p�e�r�a�t�u�r�e�s� �(�N�a�w�a�r�,� �1�9�8�5�)� 

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

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

�l�i�t�e�r�a�t�u�r�e� �a�s� �h�y�d�r�o�l�y�t�i�c� �r�a�n�c�i�d�i�t�y� �(�N�a�w�a�r�,� �1�9�8�5�)�.� �T�h�e� �t�e�r�m� �h�a�s� �b�e�e�n� 

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

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

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

�o�f� �l�i�n�o�l�e�n�i�c� �a�c�i�d� �a�n�d� �n�o�t� �n�e�c�e�s�s�a�r�i�l�y� �t�h�e� �h�y�d�r�o�l�y�s�i�s� �(�C�h�a�n�g�,� �e�t� �a�l�.�,� 

�1�9�7�7�)�.� 

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

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

�o�r� �c�h�i�c�k�e�n� �(�F�r�i�t�s�c�h�,� �1�9�8�1�)�.� �I�n� �t�h�e� �p�r�o�c�e�s�s� �o�f� �f�r�y�i�n�g� �a� �f�o�o�d�,� �m�o�i�s�t�u�r�e� 

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

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

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

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

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

�v�e�g�e�t�a�b�l�e� �o�i�l�s� �(�s�e�c�t�i�o�n� �B�.� �6�.�)�.� �H�o�w�e�v�e�r�,� �i�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� 

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

�c�a�t�e�g�o�r�i�z�e�d� �a�s� �p�o�l�a�r� �c�o�m�p�o�n�e�n�t�s� �i�n� �l�i�t�e�r�a�t�u�r�e� �(�C�u�e�s�t�a�,� �e�t� �a�l�.�,� �1�9�9�3�;� 

�D�o�b�a�r�g�a�n�e�s�,� �e�t� �a�l�.�,� �1�9�9�3�)�.� �F�u�r�t�h�e�r�m�o�r�e�,� �t�h�e� �t�r�i�g�l�y�c�e�r�i�d�e� �d�i�m�e�r�s� �a�n�d� 

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

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

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

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

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

�r�e�s�o�l�v�e�d� �o�n� �o�n�e� �c�h�r�o�m�a�t�o�g�r�a�m� �u�s�i�n�g� �H�P�S�E�C� �(�s�e�c�t�i�o�n� �B�.� �6�.�)�.� 

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

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

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

�p�r�o�d�u�c�t�s� �(�F�r�i�t�s�c�h�,� �1�9�8�1�)�.� �T�h�e�s�e� �c�o�m�p�o�n�e�n�t�s�,� �o�n�c�e� �i�n� �t�h�e� �f�r�y�i�n�g� �o�i�l�,� 

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

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

�(�F�r�i�t�s�c�h�,� �1�9�8�1�)�.� �T�h�e� �e�x�c�h�a�n�g�e� �b�e�t�w�e�e�n� �t�h�e� �f�r�i�e�d� �f�o�o�d�s� �a�n�d� �t�h�e� �f�r�y�i�n�g� 

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

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

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

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

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

�(�S�m�a�l�l�,� �1�9�8�6�)�.� �R�e�s�e�a�r�c�h� �(�R�a�g�h�u�v�e�e�r� �a�n�d� �H�a�m�m�o�n�d�,� �1�9�6�6�)� �h�a�s� �s�h�o�w�n� 

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

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

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

�p�r�o�d�u�c�e� �i�l�l� �h�e�a�l�t�h� �e�f�f�e�c�t�s� �w�h�e�n� �c�o�n�s�u�m�e�d� �(�T�h�o�m�p�s�o�n� �a�n�d� �A�u�s�t�,� �1�9�8�3�;� 

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

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

�a�c�i�d�s�,� �e�s�p�e�c�i�a�l�l�y� �l�i�n�o�l�e�n�i�c� �a�c�i�d� �(�W�a�r�n�e�r� �a�n�d� �N�e�l�s�o�n�,� �1�9�9�6�;� �C�h�a�n�g�,� �e�t� 

�a�l�.�,� �1�9�7�7�)�.� 

�R�e�s�e�a�r�c�h� �(�C�u�e�s�t�a�,� �e�t� �a�l�.�,� �1�9�9�3�;� �D�o�b�a�r�g�a�n�e�s�,� �e�t� �a�l�.�,� �1�9�9�3�)� �h�a�s� 

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

�i�n�c�r�e�a�s�e�s� �s�i�g�n�i�f�i�c�a�n�t�l�y� �w�i�t�h� �c�o�n�t�i�n�u�e�d� �f�r�y�i�n�g�.� �C�u�e�s�t�a�,� �e�t� �a�l�.�,� �(�1�9�9�3�)� 

�s�h�o�w�e�d� �t�h�a�t� �t�h�e� �t�o�t�a�l� �p�o�l�a�r� �c�o�n�t�e�n�t� �i�n�c�r�e�a�s�e�d� �f�r�o�m� �5�.�0�9� �m�g�/�1�0�0� �m�g� 

�o�f� �s�u�n�f�l�o�w�e�r� �o�i�l� �t�o� �1�5�.�9�9� �m�g�/�1�0�0� �m�g� �o�f� �s�u�n�f�l�o�w�e�r� �o�i�l� �a�f�t�e�r� �2�0� 

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

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

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

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

�(�D�o�b�a�r�g�a�n�e�s�,� �e�t� �a�l�.�,� �1�9�9�3�)�,� �a� �g�e�n�e�t�i�c�a�l�l�y� �m�o�d�i�f�i�e�d� �(�h�i�g�h� �o�l�e�i�c� �a�c�i�d�)� 

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

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

�l�e�v�e�l�s� �o�f� �t�o�t�a�l� �p�o�l�a�r� �c�o�m�p�o�n�e�n�t�s� �a�f�t�e�r� �1�0� �h�o�u�r�s� �o�f� �h�e�a�t�i�n�g� �t�h�e� 

�v�e�g�e�t�a�b�l�e� �o�i�l� �a�l�o�n�e�.� �T�h�e� �i�n�c�r�e�a�s�e� �w�a�s� �r�e�p�o�r�t�e�d� �a�s� �3�.�3�%� �o�f� �t�o�t�a�l� 
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�c�o�m�p�o�s�i�t�i�o�n� �i�n�i�t�i�a�l�l�y� �a�n�d� �2�9�.�4�%� �a�f�t�e�r� �1�0� �h�o�u�r�s� �o�f� �h�e�a�t�i�n�g�.� �T�h�e� 

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

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

�a�f�t�e�r� �1�0� �h�o�u�r�s� �o�f� �h�e�a�t�i�n�g�.� �T�h�e� �v�a�l�u�e� �w�a�s� �r�e�p�o�r�t�e�d� �a�s� �1�9�.�9�%� �o�f� �t�o�t�a�l� 

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

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

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

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

�T�h�e� �c�o�n�c�l�u�s�i�o�n�s� �r�e�a�c�h�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �(�D�o�b�a�r�g�a�n�e�s�,� �e�t� �a�l�.�,� �1�9�9�3�)� 

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

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

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

�a�n�d� �w�i�t�h�o�u�t� �p�o�t�a�t�o� �s�l�i�c�e�s� �d�u�r�i�n�g� �h�e�a�t�i�n�g� �(�D�o�b�a�r�g�a�n�e�s�,� �e�t� �a�l�.�,� �1�9�9�3�)�.� 

�O�t�h�e�r� �s�t�u�d�i�e�s� �(�C�u�e�s�t�a�,� �e�t� �a�l�.�,� �1�9�9�3�;� �D�o�b�a�r�g�a�n�e�s�,� �e�t� �a�l�.�,� �1�9�9�3�)� �h�a�v�e� 

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

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

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

�c�o�n�t�e�n�t� �o�f� �f�r�y�i�n�g� �p�o�t�a�t�o�e�s� �i�s� �7�7�.�3�%� �o�f� �t�o�t�a�l� �w�e�i�g�h�t� �(�C�u�e�s�t�a�,� �e�t� �a�l�.�,� 

�1�9�9�3�)�.� �T�h�i�s� �a�m�o�u�n�t� �o�f� �m�o�i�s�t�u�r�e� �e�x�p�o�s�u�r�e� �t�o� �t�h�e� �f�r�y�i�n�g� �o�i�l� �o�n� �a� 

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

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

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

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

�C�a�l�d�w�e�l�l�,� �1�9�9�3�)�,� �t�h�e� �q�u�a�l�i�t�y� �o�f� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� 

�r�e�f�i�n�i�n�g� �p�r�o�c�e�s�s� �(�D�o�b�a�r�g�a�n�e�s�,� �e�t�.� �a�l�,� �1�9�9�3�)�,� �a�n�d� �t�h�e� �a�m�o�u�n�t� �o�f� 

�v�e�g�e�t�a�b�l�e� �o�i�l� �c�o�m�p�o�n�e�n�t�s� �a�b�s�o�r�b�e�d� �i�n�t�o� �t�h�e� �f�r�i�e�d� �f�o�o�d� �p�r�o�d�u�c�t� 
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�(�T�h�o�m�p�s�o�n� �a�n�d� �A�u�s�t�,� �1�9�8�3�;� �W�a�r�n�e�r� �a�n�d� �M�o�u�n�t�s�,� �1�9�9�3�)�.� 

�C�.� �4�.� �S�e�n�s�o�r�y� �C�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �H�e�a�t�e�d� �F�r�y�i�n�g� �O�i�l�s� 

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

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

�a�u�t�o�x�i�d�a�t�i�o�n� �(�W�a�r�n�e�r� �a�n�d� �N�e�l�s�o�n�,� �1�9�9�6�)�.� �T�h�e�r�e�f�o�r�e�,� �a�s� �t�h�e� �v�e�g�e�t�a�b�l�e� 

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

�a�r�o�m�a�s� �i�n�c�r�e�a�s�e� �(�W�a�r�n�e�r�,� �e�t� �a�l�.�,� �1�9�9�4�)�.� �R�e�s�e�a�r�c�h� �(�C�o�w�a�n� �,� �e�t� �a�l�.�,� 

�1�9�7�1�;� �W�a�r�n�e�r� �a�n�d� �M�o�u�n�t�s�,� �1�9�9�3�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� �t�h�e� �v�o�l�a�t�i�l�e�s� 

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

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

�a�s� �r�o�o�m� �o�d�o�r� �i�n�t�e�n�s�i�t�y� �(�W�a�r�n�e�r� �a�n�d� �M�o�u�n�t�s�,� �1�9�9�3�)� �c�a�n� �o�c�c�u�r� �f�r�o�m� �t�h�e� 

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

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

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

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

�v�e�g�e�t�a�b�l�e� �o�i�l� �m�a�y� �b�e� �d�e�s�i�r�a�b�l�e�.� �R�e�s�e�a�r�c�h� �(�W�a�r�n�e�r�,� �e�t� �a�l�.�,� �1�9�9�4�)� �h�a�s� 

�s�h�o�w�n� �t�h�a�t� �p�o�t�a�t�o� �c�h�i�p�s� �f�r�i�e�d� �i�n� �c�a�n�o�l�a� �o�i�l� �h�e�a�t�e�d� �f�o�r� �3� �t�o� �6� �h�o�u�r�s� �a�t� 

�1�9�2�°�C� �r�a�t�e�d� �h�i�g�h�e�r� �i�n� �s�e�n�s�o�r�y� �t�e�s�t�i�n�g� �t�h�a�n� �p�o�t�a�t�o� �c�h�i�p�s� �f�r�i�e�d� �i�n� 

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

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

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

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

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

�O�t�h�e�r� �r�e�s�e�a�r�c�h�e�r�s� �(�F�r�a�n�k�e�l�,� �e�t� �a�l�.�,� �1�9�8�5�)� �h�a�v�e� �e�x�p�e�r�i�e�n�c�e�d� �s�i�m�i�l�a�r� 

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

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

�r�o�o�m� �o�d�o�r� �w�a�s� �a� �r�e�s�u�l�t�.� �F�r�a�n�k�e�l�,� �e�t� �a�l�.�,� �(�1�9�8�5�)� �d�e�m�o�n�s�t�r�a�t�e�d� �t�h�a�t� 

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

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

�i�n�t�e�n�s�i�t�i�e�s�.� 

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

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

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

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

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

�o�l�e�i�c� �a�c�i�d� �w�e�r�e� �a�r�e� �l�i�s�t�e�d� �i�n� �T�a�b�l�e� �3�.�.� 

�R�e�s�e�a�r�c�h� �(�W�a�r�n�e�r� �a�n�d� �N�e�l�s�o�n�,� �1�9�9�6�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� �v�o�l�a�t�i�l�e� �e�n�d� 

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

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

�t�h�e�y� �a�r�e� �c�o�n�t�a�i�n�e�d� �i�n�.� �I�n� �a�n� �A�O�C�S� �c�o�l�l�a�b�o�r�a�t�i�v�e� �s�t�u�d�y� �(�W�a�r�n�e�r� �a�n�d� 

�N�e�l�s�o�n�,� �1�9�9�6�)� �1�6� �l�a�b�o�r�a�t�o�r�i�e�s� �p�a�r�t�i�c�i�p�a�t�e�d� �i�n� �t�h�e� �s�e�n�s�o�r�y� �a�n�a�l�y�s�i�s� 

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

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

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

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

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

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

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

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

�o�x�i�d�i�z�e�d� �s�o�y�b�e�a�n� �a�n�d� �c�a�n�o�l�a� �o�i�l�s� �w�h�i�c�h� �c�o�n�t�a�i�n�e�d� �b�e�t�w�e�e�n� �5�.�0� �a�n�d� 

�7�.�0�%� �l�i�n�o�l�e�n�i�c� �a�c�i�d� �w�e�r�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �a�s� �h�a�v�i�n�g� �a� �f�i�s�h�y� �a�n�d� �p�a�i�n�t�y� 

�o�d�o�r�.� �T�h�e� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�e� �s�t�u�d�y� �w�a�s� �t�o� �i�d�e�n�t�i�f�y� �1�3� �m�a�j�o�r� �v�o�l�a�t�i�l�e�s� 

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

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

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

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

�(�C�h�a�n� �a�n�d� �C�o�x�o�n�,� �1�9�8�7�)�.� �H�o�w�e�v�e�r�,� �i�t� �i�s� �u�n�l�i�k�e�l�y� �t�h�a�t� �t�h�e� �f�l�a�v�o�r� 

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

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

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

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

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

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

�t�h�e� �s�t�u�d�y� �(�W�a�r�n�e�r� �a�n�d� �N�e�l�s�o�n�,� �1�9�9�6�)�,� �w�h�i�c�h� �w�e�r�e� �p�r�e�v�i�o�u�s�l�y� �s�h�o�w�n� 

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

�M�o�u�n�t�s�,� �1�9�9�3�)�.� 

�R�o�b�a�r�d�s�,� �e�t�.� �a�l� �(�1�9�8�8�)� �c�h�a�r�a�c�t�e�r�i�z�e�d� �t�h�e� �a�r�o�m�a�s� �o�f� �s�e�v�e�r�a�l� 

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

�s�t�a�l�e� �a�n�d� �r�a�n�c�i�d� �a�r�o�m�a�s� �w�e�r�e� �p�r�e�s�e�n�t� �i�n� �(�Z�,�Z�)�-�2�,�4�-�d�e�c�a�d�i�e�n�a�l� �a�n�d� 

�(�Z�,�Z�)�-�2�,�4�-�h�e�p�a�t�a�d�i�e�n�a�l� �s�a�m�p�l�e�s�,� �r�e�s�p�e�c�t�i�v�e�l�y�.� �I�t� �w�a�s� �r�e�p�o�r�t�e�d� 

�(�s�e�c�t�i�o�n� �C�.� �1�.� �a�.�)� �t�h�a�t� �(�2�Z�,�Z�)�-�2�,�4�-�d�e�c�a�d�i�e�n�a�l� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� 

�a�u�t�o�x�i�d�a�t�i�o�n� �o�f� �l�i�n�o�l�e�i�c� �a�c�i�d� �a�n�d� �t�h�a�t� �(�Z�,�Z�)�-�2�,�4�-�h�e�p�t�a�d�i�e�n�a�l� �r�e�s�u�l�t�s� 

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

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

�h�e�x�e�n�a�l� �(�R�o�b�a�r�d�s�,� �e�t�.� �a�l�,� �1�9�8�8�)�.� 

�D�.� �V�e�g�e�t�a�b�l�e� �O�i�l� �M�o�d�i�f�i�c�a�t�i�o�n�s� 

�D�.� �1�.� �H�y�d�r�o�g�e�n�a�t�i�o�n� 

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

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

�v�e�g�e�t�a�b�l�e� �o�i�l� �r�e�f�i�n�i�n�g� �p�l�a�n�t� �(�L�a�n�g�s�t�r�a�a�t�,� �1�9�7�6�)�.� �T�h�e� �p�r�o�c�e�s�s� �o�f� 

�h�y�d�r�o�g�e�n�a�t�i�o�n� �(�V�a�n� �N�e�s�s�,� �1�9�8�1�)� �i�n�v�o�l�v�e�s� �t�h�e� �s�a�t�u�r�a�t�i�o�n� �o�f� �l�i�n�o�l�e�i�c� 

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

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

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

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

�a�c�i�d�s�.� 

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

�b�y� �d�o�u�b�l�e� �b�o�n�d� �m�i�g�r�a�t�i�o�n� �a�n�d� �s�t�e�r�e�o�-�m�u�t�a�t�i�o�n� �(�G�u�n�s�t�o�n�e�,� �1�9�8�6�d�)�.� �A�s� 
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�a� �r�e�s�u�l�t� �o�f� �p�a�r�t�i�a�l� �h�y�d�r�o�g�e�n�a�t�i�o�n� �b�o�t�h� �c�i�s� �a�n�d� �t�r�a�n�s� �i�s�o�m�e�r�s� �c�a�n� 

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

�v�e�g�e�t�a�b�l�e�s� �o�i�l�'�s� �s�t�a�b�i�l�i�t�y� �a�n�d� �i�n�c�r�e�a�s�e� �t�h�e� �m�e�l�t�i�n�g� �p�o�i�n�t� �d�u�e� �t�o� �a� 

�b�e�t�t�e�r� �p�a�c�k�i�n�g� �o�f� �c�r�y�s�t�a�l� �s�t�r�u�c�t�u�r�e�s� �(�G�u�n�s�t�o�n�e�,� �1�9�8�6�b�)�.� �H�o�w�e�v�e�r�,� 

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

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

�(�W�a�r�n�e�r� �a�n�d� �M�o�u�n�t�s�,� �1�9�9�3�)�.� �T�h�e� �t�r�a�n�s� �f�a�t�t�y� �a�c�i�d�s� �p�r�o�d�u�c�e�d� �f�r�o�m� �t�h�e� 

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

�i�l�l� �h�e�a�l�t�h� �e�f�f�e�c�t�s�.� �R�e�s�e�a�r�c�h� �(�Z�o�c�k� �a�n�d� �K�a�t�a�n�,� �1�9�9�2�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� 

�e�l�a�i�d�i�c� �a�c�i�d� �(�t�r�a�n�s�-�C�1�8�:�1�[�n�-�9�]�)� �p�r�o�d�u�c�e�d� �f�r�o�m� �t�h�e� �p�a�r�t�i�a�l� 

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

�(�H�D�L�)� �a�n�d� �i�n�c�r�e�a�s�e�d� �l�o�w� �d�e�n�s�i�t�y� �l�i�p�o�p�r�o�t�e�i�n�s� �(�L�D�L�)� �i�n� �h�e�a�l�t�h�y� �m�a�l�e� 

�s�u�b�j�e�c�t�s� �w�h�e�n� �c�o�n�s�u�m�e�d� �a�s� �3�.�8�%� �o�f� �a� �n�o�r�m�a�l� �d�i�e�t�.� �R�e�g�a�r�d�l�e�s�s�,� 

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

�w�i�d�e�l�y� �u�s�e�d� �f�r�y�i�n�g� �o�i�l�s� �(�F�r�a�n�k�e�l� �a�n�d� �H�u�a�n�g�,� �1�9�9�4�)�.� 

�D�.� �2�.� �G�e�n�e�t�i�c� �E�n�g�i�n�e�e�r�i�n�g� �o�f� �V�e�g�e�t�a�b�l�e� �O�i�l�s� 

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

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

�(�S�o�m�e�r�v�i�l�l�e�,� �1�9�9�3�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� �t�h�e� �c�o�r�e� �o�f� �g�e�n�e�t�i�c� �t�e�c�h�n�o�l�o�g�y� 

�r�e�s�t�s� �u�p�o�n� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �o�r� �n�o�n�e�x�p�r�e�s�s�i�o�n� �o�f� �p�r�o�t�e�i�n�s� �a�n�d� 

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

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

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

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

�a�n�t�i�s�e�n�s�e� �m�R�N�A� �b�l�o�c�k�i�n�g� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �t�h�e� �o�m�e�g�a�-�3�-�d�e�s�a�t�u�r�a�s�e� 

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

�a�c�i�d� �c�o�n�t�e�n�t� �o�f� �t�h�e� �s�e�e�d� �o�i�l�.� �B�y� �u�s�i�n�g� �t�h�e� �o�m�e�g�a�-�6�-�d�e�s�a�t�u�r�a�s�e� 

�a�n�t�i�s�e�n�s�e� �g�e�n�e�,� �K�i�n�n�e�y� �(�1�9�9�4�)� �w�a�s� �a�b�l�e� �t�o� �p�r�o�d�u�c�e� �a� �h�i�g�h� �o�l�e�i�c� �a�c�i�d� 

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

�p�r�o�d�u�c�e�d� �u�s�i�n�g� �a� �d�e�l�t�a�-�9�-�d�e�s�a�t�u�r�a�s�e� �a�n�t�i�s�e�n�s�e� �g�e�n�e�.� 

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

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

�r�e�s�e�a�r�c�h�e�d� �(�K�i�n�n�e�y�,� �1�9�9�4�;� �K�n�u�t�z�o�n�,� �e�t� �a�l�.�,� �1�9�9�2�;� �T�o�n�n�e�t� �a�n�d� �G�r�e�e�n�,� 

�1�9�8�6�;� �S�o�m�e�r�v�i�l�l�e�,� �1�9�9�3�;� �B�i�e�r�,� �1�9�9�3�)�.� �T�h�e� �g�e�n�e�r�a�l� �m�e�c�h�a�n�i�s�m� �f�o�r� 

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

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

�c�l�o�n�e�d� �i�n� �a� �s�u�i�t�a�b�l�e� �E�.� �c�o�l�i� �s�t�r�a�i�n�.� �T�h�e� �d�i�s�a�r�m�e�d� �T�-�D�N�A� �i�s� �i�n�t�r�o�d�u�c�e�d� 

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

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

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

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

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

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

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

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

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

�c�h�a�n�g�e� �o�f� �t�h�e� �o�b�s�e�r�v�e�d� �p�h�e�n�o�t�y�p�e� �(�K�n�u�t�z�o�n�,� �e�t� �a�l�.�,� �1�9�9�2�)�.� 

�7�9



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

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

�1�9�9�4�)�.� �T�h�e� �f�i�r�s�t� �d�e�s�a�t�u�r�a�t�i�o�n� �o�c�c�u�r�s� �i�n� �t�h�e� �p�l�a�s�t�i�d� �w�h�e�r�e� �t�h�e� �d�e�l�t�a�-� 

�9�-�d�e�s�a�t�u�r�a�s�e� �i�n�t�r�o�d�u�c�e�s� �t�h�e� �f�f�i�r�s�t� �d�o�u�b�l�e� �b�o�n�d�.� �S�u�b�s�e�q�u�e�n�t� 

�d�e�s�a�t�u�r�a�t�i�o�n� �o�c�c�u�r�s� �i�n� �t�h�e� �c�y�t�o�s�o�l� �a�f�t�e�r� �t�h�e� �a�c�y�l�-�A�C�P� �t�h�i�o�e�s�t�e�r�a�s�e� 

�r�e�l�e�a�s�e�s� �t�h�e� �1�8�:�1�-�C�o�A�.� �O�m�e�g�a�-�6�-�d�e�s�a�t�u�r�a�s�e� �i�n�t�r�o�d�u�c�e�s� �t�h�e� �s�e�c�o�n�d� 

�d�o�u�b�l�e� �b�o�n�d� �a�n�d� �o�m�e�g�a�-�3�-�d�e�s�a�t�u�r�a�s�e� �i�n�t�r�o�d�u�c�e�s� �t�h�e� �t�h�i�r�d� �d�o�u�b�l�e� 

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

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

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

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

�1�4�.� �i�l�l�u�s�t�r�a�t�e�s� �t�h�e� �g�e�n�e�r�a�l�i�z�e�d� �e�n�z�y�m�a�t�i�c� �p�a�t�h�w�a�y�s� �o�f� �d�e�v�e�l�o�p�i�n�g� 

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

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

�C�a�v�i�n�s�,� �1�9�9�2�;� �M�c�C�o�r�m�i�k�,� �e�t� �a�l�.�,� �1�9�9�2�)�.� 

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

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

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

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

�a�c�i�d�s� �e�x�p�e�r�i�e�n�c�e�d� �i�n� �v�e�g�e�t�a�b�l�e� �o�i�!� �h�y�d�r�o�g�e�n�a�t�i�o�n� �(�K�i�n�n�e�y�,� �1�9�9�4�;� 

�S�o�m�e�r�v�i�l�l�e�,� �1�9�9�3�;� �F�r�a�n�k�e�l�,� �e�t� �a�l�.�,� �1�9�8�5�)�.� �T�h�e� �g�e�n�e�t�i�c�a�l�l�y� �e�n�g�i�n�e�e�r�e�d� 

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

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

�1�9�9�3�;� �F�r�a�n�k�e�l� �a�n�d� �H�u�a�n�g�,� �1�9�9�4�)�.� 
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�F�i�g�u�r�e� �1�4�.� �E�n�z�y�m�a�t�i�c� �p�a�t�h�w�a�y�s� �f�o�r� �t�h�e� �s�y�n�t�h�e�s�i�s� �o�f� �t�r�i�g�l�y�c�e�r�i�d�e�s� �i�n� 

�d�e�v�e�l�o�p�i�n�g� �s�e�e�d� �o�i�l�.� �(�K�i�n�n�e�y�,� �1�9�9�4�)� 
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�D�.� �3�.� �I�n�t�e�r�e�s�t�e�r�i�f�i�c�a�t�i�o�n� �a�n�d� �V�e�g�e�t�a�b�l�e� �O�i�l� �B�l�e�n�d�i�n�g� 

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

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

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

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

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

�1�9�9�4�b�;� �R�a�g�h�u�v�e�e�r� �a�n�d� �H�a�m�m�o�n�d�,� �1�9�6�6�)�.� �T�h�e� �r�e�s�u�l�t� �i�s� �a� �r�a�n�d�o�m�i�z�e�d� 

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

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

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

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

�o�f� �t�h�e� �f�a�t�t�y� �a�c�i�d�s� �o�n� �t�h�e� �t�r�i�g�l�y�c�e�r�i�d�e� �(�N�e�f�f�,� �e�t� �a�l�.�,� �1�9�9�4�b�;� �R�a�g�h�u�v�e�e�r� 

�a�n�d� �H�a�m�m�o�n�d� �1�9�6�6�;� �M�y�a�s�h�i�t�a�,� �e�t� �a�l�.�,� �1�9�9�0�)�.� 

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

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

�t�r�i�g�l�y�c�e�r�i�d�e� �c�o�m�p�o�s�i�t�i�o�n� �(�F�r�a�n�k�e�l� �a�n�d� �H�u�a�n�g�,� �1�9�9�4�;� �N�e�f�f� �e�t� �a�l�.�,� 

�1�9�9�4�b�)�.� �T�h�e� �b�l�e�n�d�i�n�g� �p�r�o�c�e�s�s� �s�i�m�p�l�y� �i�n�v�o�l�v�e�s� �m�i�x�i�n�g� �t�h�e� �v�e�g�e�t�a�b�l�e� 

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

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

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

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

�b�l�e�n�d�s� �(�N�e�f�f�,� �e�t� �a�l�.�,� �1�9�9�4�b�)�,� �h�y�d�r�o�g�e�n�a�t�e�d� �b�l�e�n�d�s� �(�W�a�r�n�e�r� �a�n�d� �M�o�u�n�t�s�,� 

�1�9�9�3�)�,� �h�i�g�h� �o�l�e�i�c� �a�c�i�d� �b�l�e�n�d�s� �(�F�r�a�n�k�e�l� �a�n�d� �H�u�a�n�g�,� �1�9�9�4�)�,� �a�n�d� �l�o�w� 

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

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

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

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

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

�E�.� �C�u�r�r�e�n�t� �R�e�s�e�a�r�c�h� �U�s�i�n�g� �M�o�d�i�f�i�e�d� �V�e�g�e�t�a�b�l�e� �O�i�l�s� 

�E�.� �1�.� �H�y�d�r�o�g�e�n�a�t�e�d� �V�e�g�e�t�a�b�l�e� �O�i�l� �B�l�e�n�d�s� 

�C�u�r�r�e�n�t� �r�e�s�e�a�r�c�h� �(�W�a�r�n�e�r� �a�n�d� �M�o�u�n�t�s�,� �1�9�9�3�;� �N�e�f�f� �a�n�d� �S�e�l�k�e�,� 

�1�9�9�3�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� �v�e�g�e�t�a�b�l�e� �o�i�l� �b�l�e�n�d�s� �u�s�i�n�g� �h�y�d�r�o�g�e�n�a�t�e�d� 

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

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

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

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

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

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

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

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

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

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

�o�i�l�s�,� �d�u�e� �t�o� �t�h�e� �a�b�s�e�n�c�e� �o�f� �u�n�d�e�s�i�r�a�b�l�e� �w�a�x�y� �a�r�o�m�a�s� �a�n�d� �f�l�a�v�o�r�s�.� 
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�E�.� �2�.� �I�n�t�e�r�e�s�t�e�r�i�f�i�e�d� �V�e�g�e�t�a�b�l�e� �O�i�l�s� �a�n�d� �V�e�g�e�t�a�b�l�e� �O�i�l� 

�B�l�e�n�d�s�.� 

�R�e�s�e�a�r�c�h� �(�N�e�f�f�,� �e�t� �a�l�.�,� �1�9�9�4�b�)� �h�a�s� �s�h�o�w�n� �t�h�a�t� �i�n�t�e�r�e�s�t�e�r�i�f�i�e�d� 

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

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

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

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

�c�o�n�t�a�i�n�e�d� �a� �h�i�g�h� �p�e�r�c�e�n�t�a�g�e� �o�f� �l�i�n�o�l�e�i�c� �a�c�i�d� �(�5�2�%�)� �a�n�d� �l�i�n�o�l�e�n�i�c� �a�c�i�d� 

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

�(�4�0�%�)� �a�n�d� �o�l�e�i�c� �a�c�i�d� �(�4�2�%�)�.� �A� �v�a�r�i�e�t�y� �o�f� �i�n�t�e�r�e�s�t�e�r�i�f�i�e�d� �a�n�d� �s�t�a�n�d�a�r�d� 

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

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

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

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

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

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

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

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

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

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

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

�t�h�e� �o�x�i�d�a�t�i�v�e� �s�t�a�b�i�l�i�t�y�.� 

�F�r�a�n�k�e�l� �a�n�d� �H�u�a�n�g� �(�1�9�9�4�)� �t�e�s�t�e�d� �t�h�e� �t�h�e�r�m�a�l� �o�x�i�d�a�t�i�v�e� �s�t�a�b�i�l�i�t�y� 

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

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

�b�e�t�w�e�e�n� �4�.�5�%� �a�n�d� �1�.�0�%� �l�i�n�o�l�e�n�i�c� �a�c�i�d�.� �A� �s�t�a�n�d�a�r�d� �b�l�e�n�d� �o�f� 

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

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

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

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

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

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

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

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

�a�t� �a� �l�o�w�e�r� �l�e�v�e�l�.� �T�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l� �b�l�e�n�d�s� �c�o�n�s�i�s�t�i�n�g� �o�f� �1� �t�o� �2�%� 

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

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

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

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

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

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

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

�E�.� �3�.� �T�h�e�r�m�a�l� �S�t�a�b�i�l�i�t�y� �o�f� �G�e�n�e�t�i�c�a�l�l�y� �M�o�d�i�f�i�e�d� �V�e�g�e�t�a�b�l�e� 

�O�i�l�s�.� 

�I�n� �a� �s�t�u�d�y� �c�o�n�d�u�c�t�e�d� �b�y� �D�o�b�a�r�g�a�n�e�s�,� �e�t� �a�l�.� �(�1�9�9�3�)� �g�e�n�e�t�i�c�a�l�l�y� 

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

�w�e�r�e� �u�s�e�d� �w�i�t�h� �t�r�i�o�l�e�i�n� �c�o�n�t�e�n�t�s� �r�a�n�g�i�n�g� �f�r�o�m� �4�0�%�,� �5�5�%�,� �a�n�d� �6�1�%�.� 

�T�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �s�u�n�f�l�o�w�e�r� �o�i�l� �c�o�n�t�a�i�n�e�d� �4�.�6�%� �t�r�i�o�l�e�i�n� �a�n�d� �2�7�%� 

�t�r�i�l�i�n�o�l�e�i�n�,� �w�h�i�l�e� �t�h�e� �o�l�i�v�e� �o�i�l� �c�o�n�t�a�i�n�e�d� �4�4�%� �t�r�i�o�l�e�i�n� �a�n�d� �l�e�s�s� �t�h�a�n� 

�1�%� �o�f� �t�r�i�l�i�n�o�l�e�i�n�.� �E�a�c�h� �o�f� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l�s� �w�e�r�e� �h�e�a�t�e�d� �f�o�r� �5� �a�n�d� 

�1�0� �h�o�u�r�s� �a�t� �1�8�0�°�C�.� �T�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �s�u�n�f�l�o�w�e�r� �o�i�l� �e�x�p�e�r�i�e�n�c�e�d� �t�h�e� 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

�c�o�n�s�i�s�t�e�d� �w�i�t�h� �t�h�a�t� �o�f� �F�r�a�n�k�e�l� �a�n�d� �H�u�a�n�g� �(�1�9�9�4�)�.� 
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�C�H�A�P�T�E�R� �I�l�.� 

�M�e�t�h�o�d�s� �a�n�d� �P�r�o�c�e�d�u�r�e�s� 

�F�.� �E�x�p�e�r�i�m�e�n�t�a�l� �D�e�s�i�g�n� 

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

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

�s�u�n�f�l�o�w�e�r� �o�i�l� �(�H�O�S�O�)� �a�n�d� �p�o�l�y�u�n�s�a�t�u�r�a�t�e�d� �s�o�y�b�e�a�n� �o�i�l� �(�P�U�S�B�)�.� 

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

�r�a�n�g�i�n�g� �f�r�o�m� �1�7�8� �t�o� �1�8�2�°�C�,� �w�i�t�h�o�u�t� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �f�o�o�d� 

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

�t�o�t�a�l� �o�f� �1�0� �d�a�y�s�.� �E�a�c�h� �o�f� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l� �b�l�e�n�d�s� �w�e�r�e� �t�e�s�t�e�d� �i�n� �a� 

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

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

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

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

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

�t�h�e�r�m�a�l� �b�r�e�a�k�d�o�w�n� �r�a�n�k�i�n�g� �(�T�B�R�)� �a�n�d� �r�e�l�a�t�i�v�e� �s�t�a�b�i�l�i�t�y� �o�f� �t�h�e� �f�a�t�t�y� 

�a�c�i�d�s� �a�n�d� �t�h�e� �t�r�i�g�l�y�c�e�r�i�d�e�s�:� �t�r�i�o�l�e�i�n� �a�n�d� �t�r�i�l�i�n�o�l�e�i�n�.� 

�F�.� �1�.� �V�e�g�e�t�a�b�l�e� �O�i�l� �B�l�e�n�d�i�n�g� �a�n�d� �B�l�e�n�d� �P�r�o�f�i�l�e� 

�S�e�v�e�n� �v�e�g�e�t�a�b�l�e� �o�i�l� �b�l�e�n�d�s� �(�T�a�b�l�e� �4�.�)� �w�e�r�e� �e�s�t�a�b�l�i�s�h�e�d� �u�s�i�n�g� �h�i�g�h� 

�o�l�e�i�c� �s�u�n�f�l�o�w�e�r� �o�i�l� �H�e�l�i�a�n�t�h�u�s� �a�n�n�u�u�s� �L�.� �(�T�r�i�s�u�n�®� �8�0�)� �o�b�t�a�i�n�e�d� �f�r�o�m� 

�S�V�O� �S�p�e�c�i�a�l�t�y� �P�r�o�d�u�c�t�s�,� �I�n�c�.� �(�E�a�s�t�l�a�k�e� �O�H�,� �4�4�0�9�5�,� �U�S�A� �[�2�1�6�]� �9�4�2�-� 

�0�6�8�0�)� �a�n�d� �p�o�l�y�u�n�s�a�t�u�r�a�t�e�d� �s�o�y�b�e�a�n� �o�i�l� �G�l�/�l�y�c�i�n�a� �m�a�x� �(�C�r�i�s�c�o� 
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�V�e�g�e�t�a�b�l�e� �O�i�l�,� �P�r�o�c�t�o�r� �a�n�d� �G�a�m�b�l�e�,� �C�i�n�c�i�n�n�a�t�i�,� �O�H�)� �o�b�t�a�i�n�e�d� �f�r�o�m� 

�K�r�o�g�e�r� �C�o�.� �(�B�l�a�c�k�s�b�u�r�g� �V�A�,� �2�4�0�6�0�,� �U�S�A� �[�5�4�0�]� �9�5�1�-�3�0�4�5�)�.� �A� 

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

�(�1�9�9�4�)� �w�a�s� �e�m�p�l�o�y�e�d�.� �T�h�e� �m�o�d�i�f�i�c�a�t�i�o�n� �s�i�m�p�l�y� �i�n�v�o�l�v�e�d� �t�h�e� 

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

�v�o�l�u�m�e� �o�f� �5�0�0� �m�l�,� �r�e�p�r�e�s�e�n�t�i�n�g� �a� �w�i�d�e�r� �r�a�n�g�e� �o�f� �p�o�l�y�u�n�s�a�t�u�r�a�t�i�o�n�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �1�0�0�%� �h�i�g�h� �o�l�e�i�c� �s�u�n�f�l�o�w�e�r� �a�n�d� �1�0�0�%� �p�o�l�y�u�n�s�a�t�u�r�a�t�e�d� 

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

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

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

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

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

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

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

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

�f�r�e�e�z�e�r� �a�t� �a� �m�e�a�n� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �m�i�n�u�s� �4�0�°�F�.� �T�h�e� �s�t�o�r�e�d� �b�l�e�n�d�s� 

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

�u�n�t�i�l� �t�h�e� �d�a�y� �o�f� �t�h�e�i�r� �i�n�i�t�i�a�l� �t�e�s�t�i�n�g�.� �T�h�e� �t�e�s�t�i�n�g� �o�r�d�e�r� �w�a�s� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �p�l�a�c�i�n�g� �t�h�e� �b�l�e�n�d� �n�u�m�b�e�r� �w�i�t�h� �a�n� �a�s�s�i�g�n�e�d� �l�e�t�t�e�r� �f�r�o�m� 

�a� �t�o� �d� �(�r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �r�e�p�e�t�i�t�i�o�n�)� �o�n� �a� �1� �i�n�c�h� �s�q�u�a�r�e� �p�i�e�c�e� �o�f� �p�a�p�e�r� 

�i�n� �a� �c�l�o�s�e�d� �s�a�c�k�.� �T�h�e� �s�l�i�p�s� �o�f� �p�a�p�e�r� �w�e�r�e� �d�r�a�w�n� �o�u�t� �o�n�e� �a�t� �a� �t�i�m�e� 

�a�n�d� �r�e�c�o�r�d�e�d� �i�n� �a� �l�a�b�o�r�a�t�o�r�y� �j�o�u�r�n�a�l�.� �T�a�b�l�e� �4�.� �r�e�p�r�e�s�e�n�t�s� �t�h�e� 

�c�o�n�c�e�n�t�r�a�t�i�o�n� �o�f� �e�a�c�h� �b�l�e�n�d� �a�n�d� �t�h�e� �b�l�e�n�d� �n�u�m�b�e�r� �a�s�s�i�g�n�m�e�n�t�.� 

�T�w�o� �h�u�n�d�r�e�d� �a�n�d� �f�i�f�t�y� �m�i�l�l�i�l�i�t�e�r�s� �w�e�r�e� �s�i�m�u�l�t�a�n�e�o�u�s�l�y� 

�8�8



�(� 

�T�a�b�l�e� �4�.� �B�l�e�n�d� �n�u�m�b�e�r� �a�s�s�i�g�n�m�e�n�t� �a�n�d� �c�o�n�c�e�n�t�r�a�t�i�o�n� �l�e�v�e�l�s� �o�f� �h�i�g�h� 
�o�l�e�i�c� �a�c�i�d� �s�u�n�f�l�o�w�e�r� �o�i�l� �(�H�O�S�O�)� �a�n�d� �p�o�l�y�u�n�s�a�t�u�r�a�t�e�d� �s�o�y�b�e�a�n� �o�i�l� 
�P�U�S�B�)� �b�l�e�n�d�s�.� 
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�2� �a�,�b�,�c�,�d� �9�0� �1�0� �9�:�1� 

�3� �a�,�b�,�c�,�d� �7�5� �2�5� �3�:�1� 

�4� �a�,�b�,�c�,�d� �5�0� �5�0� �1�:�1� 

�5� �a�,�b�,�c�,�d� �2�5� �7�5� �1�:�3� 

�6� �a�,�b�,�c�,�d� �1�0� �9�0� �1�:�9� 

�7� �a�,�b�,�c�,�d� �0� �1�0�0� �0�:�1�0�0� 

�N�o�t�e�s�:� 

�1�.� 

�(�B�l�e�n�d�)� �(�H�O�S�O�:�P�U�S�B�)� 
�1� 

�
N

�
O

�
O

�
O

�
 

�&
� �
W

� �P
�M�

 

�1�0�0�:�0� 

�9�0�:�1�0� 
�7�5�:�2�5� 

�5�0�:�5�0� 
�2�5�:�7�5� 

�1�0�:�9�0� 

�0�:�1�0�0� 

�8�9� 

�T�h�e� �l�e�t�t�e�r�s� �a�,�b�,�c�,� �a�n�d� �d� �r�e�p�r�e�s�e�n�t� �t�h�e� �n�u�m�b�e�r� �o�f� �t�r�i�a�l� �p�e�r� �b�l�e�n�d�.



�e�s�t�a�b�l�i�s�h�e�d� �d�u�r�i�n�g� �t�h�e� �b�l�e�n�d�i�n�g� �p�r�o�c�e�s�s� �f�o�r� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �t�h�e� 

�b�l�e�n�d� �p�r�o�f�i�l�e�.� �T�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �f�a�t�t�y� �a�c�i�d� �c�o�m�p�o�s�i�t�i�o�n�,� 

�t�r�i�g�l�y�c�e�r�i�d�e� �c�o�m�p�o�s�i�t�i�o�n�,� �a�n�d� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �p�e�r�o�x�i�d�e� �v�a�l�u�e�s� �w�e�r�e� 

�d�e�t�e�r�m�i�n�e�d� �b�y� �p�e�r�f�o�r�m�i�n�g� �e�a�c�h� �t�e�s�t� �i�n� �t�r�i�p�l�i�c�a�t�e�.� �T�h�e� �p�e�r�o�x�i�d�e� 

�v�a�l�u�e�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �i�n� �t�r�i�p�l�i�c�a�t�e� �f�o�r� �e�a�c�h� �s�a�m�p�l�e� �t�e�s�t�e�d�,� 

�r�e�p�r�e�s�e�n�t�i�n�g� �a� �t�o�t�a�l� �o�f� �n�i�n�e� �p�e�r�o�x�i�d�e� �v�a�l�u�e�s� �f�o�r� �e�a�c�h� �b�l�e�n�d�.� 

�F�.� �2�.� �S�i�m�u�l�a�t�e�d� �F�r�y�i�n�g�:� �T�h�e�r�m�a�l� �O�x�i�d�a�t�i�o�n� �o�f� �t�h�e� �V�e�g�e�t�a�b�l�e� 

�O�i�l� �B�l�e�n�d�s�.� 

�F�.� �2�.� �a�.� �D�e�s�c�r�i�p�t�i�o�n� �o�f� �t�h�e� �T�h�e�r�m�a�l� �O�x�i�d�a�t�i�o�n� �S�y�s�t�e�m�.� 

�T�h�e� �s�i�m�u�l�a�t�e�d� �f�r�y�i�n�g� �s�y�s�t�e�m� �w�a�s� �a�d�a�p�t�e�d� �f�r�o�m� �t�h�e� �m�e�t�h�o�d�s� �u�s�e�d� 

�b�y� �W�u� �a�n�d� �C�h�e�n� �(�1�9�9�2�)� �a�n�d� �C�h�a�n�g�,� �e�t� �a�l�.� �(�1�9�7�7�)�.� �F�i�v�e� �h�u�n�d�r�e�d� 

�m�i�l�l�i�l�i�t�e�r�s� �o�f� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l� �o�r� �v�e�g�e�t�a�b�l�e� �o�i�l� �b�l�e�n�d� �w�e�r�e� �p�o�u�r�e�d� 

�i�n�t�o� �a� �o�n�e� �l�i�t�e�r� �t�r�i�p�l�e� �n�e�c�k� �P�y�r�e�x� �f�l�a�s�k�.� �T�h�e� �f�l�a�s�k� �w�a�s� �s�u�p�p�o�r�t�e�d� �b�y� 

�a� �s�t�a�t�i�o�n�a�r�y� �c�l�a�m�p�,� �s�e�a�t�e�d� �d�i�r�e�c�t�l�y� �i�n�t�o� �a� �h�e�a�t�i�n�g� �m�a�n�t�l�e� 

�(�E�l�e�c�t�r�o�m�a�n�t�l�e� �M�o�d�e�l�)� �p�u�r�c�h�a�s�e�d� �f�r�o�m� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c� �(�F�a�i�r� �L�a�w�n�,� 

�N�J�)�.� �T�h�e� �f�i�r�s�t� �p�o�r�t� �w�a�s� �f�i�t�t�e�d� �w�i�t�h� �a� �2�5�0�°�C� �c�a�p�a�c�i�t�y� �t�h�e�r�m�o�m�e�t�e�r�.� 

�T�h�e� �s�e�c�o�n�d� �p�o�r�t� �w�a�s� �f�i�t�t�e�d� �w�i�t�h� �a� �P�y�r�e�x� �g�a�s� �w�a�s�h�i�n�g� �b�o�t�t�l�e� 

�c�o�n�t�a�i�n�i�n�g� �a� �1�0�0� �m�g� �t�e�n�a�x�-�G�R� �(�2�,�6�-�d�i�p�h�e�n�y�l�-�p�-�p�h�e�n�y�l�e�n�e� �o�x�i�d�e� 

�p�o�l�y�m�e�r�)� �c�h�a�m�b�e�r� �(�A�l�l�t�e�c�h�,� �D�e�e�r�f�i�e�l�d�,� �I�L�)� �s�u�p�p�o�r�t�e�d� �b�y� �c�l�e�a�n� �g�l�a�s�s� 

�w�o�o�l� �o�n� �t�h�e� �e�f�f�l�u�e�n�t� �e�n�d�.� �T�h�e� �t�h�i�r�d� �p�o�r�t� �w�a�s� �f�i�t�t�e�d� �w�i�t�h� �a� �r�e�f�l�u�x� 

�l�i�n�e� �l�e�a�d�i�n�g� �d�i�r�e�c�t�l�y� �i�n�t�o� �t�h�e� �i�n�f�l�u�x� �o�f� �t�h�e� �g�a�s� �w�a�s�h�i�n�g� �b�o�t�t�l�e�,� �w�h�i�c�h� 

�c�i�r�c�u�l�a�t�e�d� �b�a�c�k� �t�h�r�o�u�g�h� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l�.� �I�n� �t�h�i�s� �w�a�y�,� �t�h�e� �s�y�s�t�e�m� 
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�w�a�s� �c�l�o�s�e�d� �d�u�r�i�n�g� �t�h�e� �h�e�a�t�i�n�g� �p�r�o�c�e�s�s�,� �w�i�t�h� �t�h�e� �e�x�c�e�p�t�i�o�n� �o�f� �t�h�e� 

�e�f�f�l�u�e�n�t� �e�n�d� �o�f� �t�h�e� �g�a�s� �w�a�s�h�i�n�g� �b�o�t�t�l�e�,� �w�h�i�c�h� �c�o�n�t�a�i�n�e�d� �a�n� �i�n�t�e�r�n�a�l� 

�d�i�a�m�e�t�e�r� �o�f� �l�e�s�s� �t�h�a�n� �1� �m�m�.� �T�h�e� �t�h�e�r�m�a�l� �o�x�i�d�a�t�i�o�n� �s�y�s�t�e�m� �w�a�s� 

�d�e�s�i�g�n�e�d� �i�n� �t�h�i�s� �m�a�n�n�e�r� �t�o� �p�r�e�v�e�n�t� �o�u�t�s�i�d�e� �c�o�n�t�a�m�i�n�a�t�i�o�n� �r�o�o�m� �a�i�r� 

�O�r� �m�o�i�s�t�u�r�e�,� �t�o� �r�e�t�a�i�n� �t�h�e� �v�o�l�a�t�i�l�e�s� �w�i�t�h�i�n� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l� �a�n�d� 

�h�e�a�d�s�p�a�c�e�,� �a�n�d� �t�o� �p�r�e�v�e�n�t� �p�r�e�s�s�u�r�e� �b�u�i�l�d� �u�p� �w�i�t�h�i�n� �t�h�e� �f�l�a�s�k�.� �T�h�e� 

�t�h�e�r�m�a�l� �o�x�i�d�a�t�i�o�n� �s�y�s�t�e�m� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �i�n� �F�i�g�u�r�e� �1�5�.�,� �i�n� �w�h�i�c�h� 

�t�h�e�r�e� �w�e�r�e� �t�w�o� �i�d�e�n�t�i�c�a�l� �s�t�a�t�i�o�n�s� �a�v�a�i�l�a�b�l�e�.� 

�F�.� �2�.� �b�.� �S�i�m�u�l�a�t�e�d� �F�r�y�i�n�g�:� �C�l�o�s�e�d� �S�y�s�t�e�m� 

�T�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l� �s�a�m�p�l�e� �w�a�s� �b�r�o�u�g�h�t� �u�p� �t�o� �a� �t�e�m�p�e�r�a�t�u�r�e� �o�f� 

�1�8�0�°�C� �+� �2�°�C� �f�r�o�m� �2�8�°�C� �f�o�r� �a� �5� �h�o�u�r� �p�e�r�i�o�d� �a�t� �a�n� �a�v�e�r�a�g�e� �r�a�t�e� �o�f� 

�1�.�6�0�°�C�/�m�i�n�u�t�e�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �i�n�c�r�e�m�e�n�t� �w�a�s� �c�o�n�d�u�c�t�e�d� �a�t� �a� 

�m�o�d�e�r�a�t�e� �r�a�t�e� �t�o� �a�v�o�i�d� �s�u�p�e�r� �h�e�a�t�i�n�g� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l�,� �a�n�d� �t�o� �a�v�o�i�d� 

�r�u�p�t�u�r�i�n�g� �t�h�e� �f�l�a�s�k�.� �T�h�i�s� �p�r�o�c�e�s�s� �w�a�s� �r�e�p�e�a�t�e�d� �f�o�r� �3� �c�o�n�s�e�c�u�t�i�v�e� 

�d�a�y�s�,� �f�o�r� �a� �t�o�t�a�l� �o�f� �1�5� �h�o�u�r�s� �o�f� �h�e�a�t�i�n�g� �i�n� �a� �c�l�o�s�e�d� �s�y�s�t�e�m�.� �T�h�e� 

�v�e�g�e�t�a�b�l�e� �o�i�l� �s�a�m�p�l�e� �w�a�s� �a�l�l�o�w�e�d� �t�o� �r�e�m�a�i�n� �w�i�t�h�o�u�t� �h�e�a�t�i�n�g� �f�o�r� �o�n�e� 

�f�u�l�l� �d�a�y� �i�n� �t�h�e� �c�l�o�s�e�d� �s�y�s�t�e�m� �b�e�f�o�r�e� �t�h�e� �s�e�c�o�n�d�a�r�y� �h�e�a�t�i�n�g� �p�h�a�s�e�.� 

�T�h�i�s� �s�t�e�p� �w�a�s� �t�a�k�e�n� �t�o� �m�o�n�i�t�o�r� �c�h�a�n�g�e�s� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �a� �c�o�o�l�i�n�g� 

�p�e�r�i�o�d� �o�f� �4�8� �h�o�u�r�s�,� �i�n� �e�f�f�e�c�t�,� �t�o� �e�v�a�l�u�a�t�e� �i�f� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l� 

�c�o�n�t�i�n�u�e�d� �t�o� �b�r�e�a�k�d�o�w�n� �w�i�t�h�o�u�t� �c�o�n�t�i�n�u�e�d� �h�e�a�t�i�n�g�.� 

�T�h�i�r�t�y� �f�i�v�e� �m�i�l�l�i�l�i�t�e�r�s� �o�f� �v�e�g�e�t�a�b�l�e� �o�i�l� �s�a�m�p�l�e� �w�e�r�e� �r�e�m�o�v�e�d� �f�r�o�m� 
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�-� �-� �G�a�s� �W�a�s�h�i�n�g� �B�o�t�t�l�e� �w�i�t�h� �P�a�s�t�e�u�r� 
�P�i�p�e�t� �C�o�n�t�a�i�n�i�n�g� �T�e�n�a�x� �V�o�l�a�t�i�l�e� 
�T�r�a�p� 

 ��"� 

�T�y�g�o�n� �T�u�b�i�n�g� �t�o�r� �T�h�e�r�m�o�m�e�t�e�r� 

�T�h�e�:�m�a�l� �R�e�f�l�u�x� 

� � � � 
�1�0�0�0� �m�i� �T�r�i�p�l�e� �N�e�c�k� �E�r�l�e�n�m�e�y�e�r� �F�i�a�s�k� 
�w�i�t�h� �5�0�0� �m�l� �o�f� �v�a�g�e�t�a�b�l�e� �a�i�l� �s�a�m�p�l�e� 

�E�l�e�c�t�r�i�c� �H�e�a�t�i�n�g� �M�a�n�t�l�e� 

� � 

�F�i�g�u�r�e� �1�5�.� �C�l�o�s�e�d� �t�h�e�r�m�a�l� �o�x�i�d�a�t�i�o�n� �s�y�s�t�e�m� �f�o�r� �t�h�e� �t�e�s�t�i�n�g� �o�f� �h�i�g�h� 
�o�l�e�i�c� �a�c�i�d� �s�u�n�f�l�o�w�e�r� �a�n�d� �s�o�y�b�e�a�n� �o�i�l� �b�l�e�n�d�s�.� 
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�t�h�e� �t�h�i�r�d� �p�o�r�t� �a�n�d� �t�r�a�n�s�f�e�r�r�e�d� �t�o� �a� �5�0� �m�l� �g�r�a�d�u�a�t�e�d� �c�y�l�i�n�d�e�r�.� �T�h�e� 

�s�a�m�p�l�e� �w�a�s� �t�h�e�n� �d�e�l�i�v�e�r�e�d� �t�o� �a� �p�r�e�l�a�b�l�e�d� �5�0� �m�i� �v�i�a�l�,� �f�l�u�s�h�e�d� �w�i�t�h� 

�n�i�t�r�o�g�e�n� �g�a�s�,� �s�e�a�l�e�d� �a�n�d� �p�l�a�c�e�d� �i�n� �t�h�e� �f�r�e�e�z�e�r�,� �p�r�i�o�r� �t�o� �t�e�s�t�i�n�g�.� �T�h�e� 

�3�5� �m�l� �o�f� �s�a�m�p�l�e� �w�e�r�e� �d�i�s�t�r�i�b�u�t�e�d� �a�s� �f�o�l�l�o�w�s�:� �2�5� �m�l� �w�e�r�e� �r�e�s�e�r�v�e�d� 

�f�o�r� �v�o�l�a�t�i�l�e� �a�n�a�l�y�s�i�s�,� �9� �m�l� �f�o�r� �p�e�r�o�x�i�d�e� �t�e�s�t�,� �0�.�5� �m�l� �f�o�r� �t�r�i�g�l�y�c�e�r�i�d�e� 

�a�n�a�l�y�s�i�s�,� �a�n�d� �0�.�5� �m�l� �f�o�r� �f�a�t�t�y� �a�c�i�d� �a�n�a�l�y�s�i�s�.� �S�a�m�p�l�e�s� �w�e�r�e� �t�a�k�e�n� 

�f�r�o�m� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l� �a�s� �f�o�l�l�o�w�s�:� �b�e�f�o�r�e� �i�n�t�i�t�i�a�t�i�o�n� �o�f� �h�e�a�t�i�n�g�,� 

�d�e�s�i�g�n�a�t�e�d� �a�s� �t�i�m�e� �z�e�r�o�,� �a�n�d� �a�t� �t�h�e� �e�n�d� �o�f� �e�a�c�h� �h�e�a�t�i�n�g� �p�e�r�i�o�d�,� 

�d�e�s�i�g�n�a�t�e�d� �a�s� �t�i�m�e� �3�0�0� �m�i�n�u�t�e�s�.� �T�h�e� �h�e�a�t�i�n�g� �p�e�r�i�o�d�s� �w�e�r�e� 

�d�i�s�t�i�n�g�u�i�s�h�e�d� �b�y� �t�h�e� �t�o�t�a�l� �h�o�u�r�s� �o�f� �u�s�e� �a�n�d� �t�h�e� �a�c�t�u�a�l� �t�i�m�e� �o�f� 

�h�e�a�t�i�n�g� �a�t� �1�8�0�°�C�,� �s�h�o�w�n� �i�n� �T�a�b�l�e� �5�.� 

�T�h�e� �p�e�r�o�x�i�d�e� �v�a�l�u�e� �a�n�d� �t�r�i�g�l�y�c�e�r�i�d�e� �a�n�a�l�y�s�e�s� �w�e�r�e� �c�o�n�d�u�c�t�e�d� �o�n� 

�a�l�l� �s�a�m�p�l�e�s�.� �T�h�e� �v�o�l�a�t�i�l�e� �a�n�a�l�y�s�i�s� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n� �t�h�e� �f�r�e�s�h� 

�s�a�m�p�l�e�s� �a�n�d� �o�n� �s�a�m�p�l�e�s� �a�f�t�e�r� �t�h�e� �3�0�0� �m�i�n�u�t�e� �h�e�a�t�i�n�g� �p�e�r�i�o�d�.� 

�S�a�m�p�l�e�s� �w�e�r�e� �a�l�l�o�w�e�d� �t�o� �r�e�a�c�h� �a� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �2�8�°�C� �f�o�r� �a� �t�o�t�a�l� �o�f� 

�f�o�u�r� �v�o�l�a�t�i�l�e� �a�n�a�l�y�s�e�s� �p�e�r� �v�e�g�e�t�a�b�l�e� �o�i�l� �b�l�e�n�d�.� �T�h�e� �f�a�t�t�y� �a�c�i�d� 

�a�n�a�l�y�s�i�s� �w�a�s� �c�o�n�d�u�c�t�e�d� �o�n�l�y� �o�n� �t�h�e� �f�r�e�s�h� �s�a�m�p�l�e�s� �p�r�i�o�r� �t�o� �h�e�a�t�i�n�g� �i�n� 

�t�h�e� �c�l�o�s�e�d� �s�y�s�t�e�m�.� �T�h�e� �h�e�a�d�s�p�a�c�e� �v�o�l�a�t�i�l�e�s� �c�o�l�l�e�c�t�e�d� �i�n� �t�h�e� �e�f�f�l�u�e�n�t� 

�t�e�n�a�x�-�G�C� �t�r�a�p� �w�e�r�e� �a�n�a�l�y�z�e�d� �o�n� �t�h�e� �f�o�u�r�t�h� �d�a�y�.� 

�F�.� �2�.� �c�.� �S�i�m�u�l�a�t�e�d� �F�r�y�i�n�g�:� �O�p�e�n� �S�y�s�t�e�m� 

�T�h�e� �s�e�c�o�n�d�a�r�y� �h�e�a�t�i�n�g� �i�n�v�o�l�v�e�d� �p�l�a�c�i�n�g� �t�h�e� �2�5�5� �m�l� �o�f� �r�e�m�a�i�n�i�n�g� 
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�T�a�b�l�e� �5�.� �I�d�e�n�t�i�f�i�c�a�t�i�o�n� �o�f� �h�i�g�h� �o�l�e�i�c� �a�c�i�d� �s�u�n�f�l�o�w�e�r� �o�i�l� �(�H�O�S�O�)� �a�n�a� 
�p�o�l�y�u�n�s�a�t�u�r�a�t�e�d� �s�o�y�b�e�a�n� �o�i�l� �(�P�U�S�B�)� �b�l�e�n�d� �m�i�n�u�t�e�s� �o�f� �h�e�a�t�i�n�g� �a�n�d� 
�h�o�u�r�s� �o�f� �t�o�t�a�l� �u�s�a�g�e�.� 
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�D�a�y� �&� �M�i�n�u�t�e�s� �o�f� �H�e�a�t�i�n�g� �(�1�8�0�°�C�)� �T�o�t�a�l� �h�o�u�r�s� �o�f� �u�s�e� �&� �m�i�n�u�t�e�s� �o�f� 
�H�e�a�t�i�n�g� �(�1�8�0�°�C�)� 

�D�i� �O�Q� �0�:�0� 

�D�1� �3�0�0� �5�:�3�0�0� 
�D�2� �0� �2�4�:�3�0�0� 

�D�2� �3�0�0� �2�9�:�6�0�0� 

�D�3� �0� �4�8�:�6�0�0� 

�D�3� �3�0�0� �5�3�:�9�0�0� 

�D�4� �0� �7�2�:�9�0�0� 

�D�i�1� �2�1�0�0� �2�6�4�:�3�0�0�0� 
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�v�e�g�e�t�a�b�l�e� �o�i�l� �s�a�m�p�l�e� �i�n� �a� �5�0�0� �m�i� �P�y�r�e�x� �b�e�a�k�e�r� �a�n�d� �h�e�a�t�i�n�g� �a�t� �1�8�0�°�C� �+� 

�5�°�C� �f�o�r� �5� �h�o�u�r�s� �p�e�r� �d�a�y� �f�o�r� �s�e�v�e�n� �c�o�n�s�e�c�u�t�i�v�e� �d�a�y�s�.� �T�h�e� �s�e�c�o�n�d�a�r�y� 

�h�e�a�t�i�n�g� �p�h�a�s�e� �w�a�s� �e�m�p�l�o�y�e�d� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �s�u�r�f�a�c�e� �a�i�r� �e�x�p�o�s�u�r�e� �t�o� 

�t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l� �d�u�r�i�n�g� �t�h�e� �h�e�a�t�i�n�g� �p�r�o�c�e�s�s�.� �T�h�e� �e�m�p�h�a�s�i�s� �d�u�r�i�n�g� 

�t�h�e� �o�p�e�n� �h�e�a�t�i�n�g� �p�e�r�i�o�d� �w�a�s� �t�o� �m�o�n�i�t�o�r� �t�h�e� �c�h�a�n�g�e� �i�n� �f�a�t�t�y� �a�c�i�d� �a�n�d� 

�t�r�i�g�l�y�c�e�r�i�d�e� �c�o�m�p�o�s�i�t�i�o�n�,� �a�n�d� �p�e�r�o�x�i�d�e� �v�a�l�u�e�s�.� �T�h�i�r�t�y� �f�i�v�e� 

�m�i�l�l�i�l�i�t�e�r�s� �o�f� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l� �s�a�m�p�l�e� �w�e�r�e� �r�e�m�o�v�e�d� �f�r�o�m� �t�h�e� 

�b�e�a�k�e�r� �a�f�t�e�r� �t�h�e� �s�e�v�e�n�t�h� �d�a�y�,� �2�5� �m�l� �w�e�r�e� �r�e�s�e�r�v�e�d� �f�o�r� �v�o�l�a�t�i�l�e� 

�a�n�a�l�y�s�i�s�,� �9� �m�l� �f�o�r� �p�e�r�o�x�i�d�e� �t�e�s�t�,� �0�.�5� �m�l� �f�o�r� �t�r�i�g�l�y�c�e�r�i�d�e� �a�n�a�l�y�s�i�s�,� �a�n�d� 

�0�.�5� �m�l� �f�o�r� �f�a�t�t�y� �a�c�i�d� �a�n�a�l�y�s�i�s�.� 

�F�.� �3�.� �A�n�a�l�y�t�i�c�a�l� �a�n�d� �C�h�e�m�i�c�a�l� �T�e�s�t�i�n�g�.� 

�F�.� �3�.� �a�.� �P�e�r�o�x�i�d�e� �V�a�l�u�e� �(�P�V�)� 

�T�h�e� �A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d� �C�d� �8�-�5�3� �P�e�r�o�x�i�d�e� �V�a�l�u�e�:� �A�c�i�d�-� 

�C�h�l�o�r�o�f�o�r�m� �M�e�t�h�o�d� �(�A�O�C�S�,� �1�9�9�3�)� �w�a�s� �u�s�e�d� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�p�e�r�o�x�i�d�e� �v�a�l�u�e�s� �f�o�r� �a�l�l� �s�a�m�p�l�e�s� �t�e�s�t�e�d�.� �T�w�e�n�t�y� �f�i�v�e� �m�i�l�l�i�l�i�t�e�r�s� �o�f� 

�H�P�L�C�-�g�r�a�d�e� �a�c�e�t�i�c� �a�c�i�d�:�c�h�i�o�r�o�f�o�r�m� �[�8�:�2�]� �w�e�r�e� �a�d�d�e�d� �t�o� �a�p�p�r�o�x�i�m�a�t�e�l�y� 

�3�.�0� �g�r�a�m�s� �o�f� �v�e�g�e�t�a�b�l�e� �o�i�l� �s�a�m�p�l�e� �i�n� �a� �2�5�0� �m�l� �E�r�l�e�n�m�e�y�e�r� �f�l�a�s�k�.� �F�i�v�e� 

�h�u�n�d�r�e�d� �m�i�c�r�o�l�i�t�e�r�s� �o�f� �f�r�e�s�h�l�y� �p�r�e�p�a�r�e�d� �s�a�t�u�r�a�t�e�d� �p�o�t�a�s�s�i�u�m� �i�o�d�i�d�e� 

�(�F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c�,� �F�a�i�r� �L�a�w�n� �N�J�)� �w�e�r�e� �a�d�d�e�d� �t�o� �t�h�e� �s�o�l�u�t�i�o�n� �a�n�d� 

�c�a�r�e�f�u�l�l�y� �s�w�i�r�l�e�d�.� �T�h�e� �s�a�m�p�l�e� �w�a�s� �p�l�a�c�e�d� �i�n� �t�h�e� �d�a�r�k� �f�o�r� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �2� �m�i�n�u�t�e�s�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �5�0� �m�l� �o�f� 
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�d�e�i�o�n�i�z�e�d� �w�a�t�e�r�.� �A� �c�l�e�a�n� �m�a�g�n�e�t�i�c� �s�t�i�r� �b�a�r� �w�a�s� �p�l�a�c�e�d� �i�n� �t�h�e� 

�s�o�l�u�t�i�o�n�,� �a�n�d� �a�l�l�o�w�e�d� �t�o� �m�o�d�e�r�a�t�e�l�y� �s�t�i�r� �t�h�e� �m�i�x�t�u�r�e�.� �S�e�v�e�r�a�l� �d�r�o�p�s� 

�o�f� �s�t�a�r�c�h� �s�o�l�u�t�i�o�n� �w�e�r�e� �a�d�d�e�d� �a�n�d� �a� �m�i�c�r�o�-�s�c�a�l�e� �d�i�g�i�t�a�l� �b�u�r�e�t�t�e� 

�(�P�o�l�y�s�c�i�e�n�c�e� �M�o�d�e�l� �C�B�,� �F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c�,� �F�a�i�r� �L�a�w�n� �N�J�)� �w�a�s� �u�s�e�d� �t�o� 

�t�i�t�r�a�t�e� �t�h�e� �m�i�x�t�u�r�e� �w�i�t�h� �f�r�e�s�h� �0�.�1� �M� �s�o�d�i�u�m� �t�h�i�o�s�u�l�f�a�t�e�.� 

�T�h�e� �s�a�m�p�l�e�s� �w�e�r�e� �t�i�t�r�a�t�e�d� �d�r�o�p�w�i�s�e�,� �a�b�o�u�t� �o�n�e� �d�r�o�p� �p�e�r� �t�h�r�e�e� 

�s�e�c�o�n�d�s�,� �u�n�t�i�l� �t�h�e� �d�i�s�a�p�p�e�a�r�a�n�c�e� �o�f� �t�h�e� �p�u�r�p�l�e� �c�o�l�o�r�a�t�i�o�n�.� �T�h�e� �e�n�d� 

�t�i�t�r�a�t�i�o�n� �v�o�l�u�m�e� �w�a�s� �r�e�c�o�r�d�e�d� �a�f�t�e�r� �t�h�e� �s�o�l�u�t�i�o�n� �r�e�m�a�i�n�e�d� �c�l�e�a�r� �f�o�r� 

�o�n�e� �m�i�n�u�t�e�.� �A� �r�e�f�e�r�e�n�c�e� �b�l�a�n�k� �c�o�n�t�a�i�n�i�n�g� �n�o� �s�a�m�p�l�e� �w�a�s� �e�s�t�a�b�l�i�s�h�e�d� 

�f�o�r� �e�a�c�h� �s�e�r�i�e�s� �o�f� �v�e�g�e�t�a�b�l�e� �o�i�l� �s�a�m�p�l�e�s� �t�e�s�t�e�d�.� �I�n� �a�d�d�i�t�i�o�n�,� �r�a�n�c�i�d� 

�p�e�a�n�u�t� �o�i�l� �w�a�s� �u�s�e�d� �a�s� �a�n� �i�n�d�i�c�a�t�i�o�n� �t�h�a�t� �t�h�e� �p�r�o�c�e�d�u�r�e� �w�a�s� 

�d�e�t�e�c�t�i�n�g� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �p�e�r�o�x�i�d�e�s� �i�n� �t�h�e� �s�a�m�p�l�e�s�.� �T�h�e� �r�a�n�c�i�d� 

�p�e�a�n�u�t� �o�i�l� �w�a�s� �k�n�o�w�n� �t�o� �h�a�v�e� �a�n� �a�v�e�r�a�g�e� �p�e�r�o�x�i�d�e� �v�a�l�u�e� �o�f� 

�a�p�p�r�o�x�i�m�a�t�e�l�y� �t�w�o� �h�u�n�d�r�e�d�.� �T�h�e� �r�a�n�c�i�d� �p�e�a�n�u�t� �o�i�l� �w�a�s� �a�n�a�l�y�z�e�d� 

�p�r�i�o�r� �t�o� �t�h�e� �t�e�s�t�i�n�g� �o�f� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l� �s�a�m�p�l�e�s�.� �E�a�c�h� �s�a�m�p�l�e� �w�a�s� 

�t�e�s�t�e�d� �i�n� �t�r�i�p�l�i�c�a�t�e� �a�n�d� �t�h�e� �p�e�r�o�x�i�d�e� �v�a�l�u�e�s� �w�e�r�e� �r�e�c�o�r�d�e�d� �a�s� �t�h�e� 

�m�e�a�n� �p�e�r�o�x�i�d�e� �v�a�l�u�e�.� �T�h�e� �d�e�t�e�r�m�i�n�a�t�i�o�n� �o�f� �t�h�e� �p�e�r�o�x�i�d�e� �v�a�l�u�e� �i�s� 

�r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�q�u�a�t�i�o�n�:� 

�P�V� �(�u�e�q�v�.� �O�.�/�g� �o�f� �v�e�g�e�t�a�b�l�e� �o�i�l�)� �=� �(�S�-�B�)�(�N�)�(�1�0�0�0�)� 
�W�t�.� �(�g�)� 

�W�h�e�r�e�,� 

�S� �=�M�l�o�f� �O�i�l� �S�a�m�p�l�e� �B� �=� �M�I� �o�f� �B�l�a�n�k� 
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�W�t�.�=� �W�e�i�g�h�t� �i�n� �g�r�a�m�s� �o�f� �O�i�l� �S�a�m�p�l�e� �N� �=� �N�o�r�m�a�l�i�t�y� �o�f� �N�a�S�,�0�3� 

�F�.� �3�.� �b�.� �F�a�t�t�y� �A�c�i�d� �A�n�a�l�y�s�i�s�:� �F�a�t�t�y� �A�c�i�d� �M�e�t�h�y�l� �E�s�t�e�r�s� 

�(�F�A�M�E�S�)� �b�y� �G�a�s� �C�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�G�C�)� 

�T�h�e� �f�a�t�t�y� �a�c�i�d� �c�o�m�p�o�s�i�t�i�o�n� �f�o�r� �e�a�c�h� �v�e�g�e�t�a�b�l�e� �o�i�l� �a�n�d� �b�l�e�n�d� �w�a�s� 

�d�e�t�e�r�m�i�n�e�d� �i�n� �t�r�i�p�l�i�c�a�t�e� �b�y� �u�s�i�n�g� �t�h�e� �f�a�t�t�y� �a�c�i�d� �m�e�t�h�y�l� �e�s�t�e�r� �(�F�A�M�E�)� 

�p�r�o�c�e�d�u�r�e� �d�e�s�c�r�i�b�e�d� �b�y� �L�i�u� �(�1�9�9�4�)�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �5�0�.�0� �m�g� �o�f� 

�v�e�g�e�t�a�b�l�e� �o�i�l� �s�a�m�p�l�e� �w�e�r�e� �w�e�i�g�h�e�d� �o�u�t� �i�n� �a� �1�0� �m�i� �P�y�r�e�x� �t�e�s�t� �t�u�b�e�.� 

�O�n�e� �m�i�l�l�i�l�i�t�e�r� �o�f� �a�n� �i�n�t�e�r�n�a�l� �s�t�a�n�d�a�r�d� �s�o�l�u�t�i�o�n� �c�o�n�t�a�i�n�i�n�g� �5� �m�g� �o�f� 

�h�e�p�t�a�d�e�c�a�n�o�i�c� �a�c�i�d� �(�C�1�7�)� �(�S�i�g�m�a� �C�h�e�m�i�c�a�l� �C�o�.�,� �M�O�)� �i�n� �H�P�L�C�-�g�r�a�d�e� 

�c�h�l�o�r�o�f�o�r�m� �(�F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c�,� �F�a�i�r� �L�a�w�n�,� �N�J�)� �w�a�s� �a�d�d�e�d�.� �T�w�o� 

�m�i�l�l�i�l�i�t�e�r�s� �o�f� �H�P�L�C�-�g�r�a�d�e� �t�o�l�u�e�n�e� �(�F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c�,� �F�a�i�r� �L�a�w�n�,� �N�J�)� 

�a�n�d� �2� �m�l� �o�f� �m�e�t�h�a�n�o�l�i�n�i�c� �b�a�s�e� �(�0�.�5�N� �S�u�p�e�l�c�o� �3�-�3�0�8�0�,� �B�e�l�l�e�f�o�n�t�e�,� �P�A�)� 

 ��w�e�r�e� �t�h�e�n� �a�d�d�e�d�.� �T�h�e� �s�a�m�p�l�e�s� �w�e�r�e� �s�e�a�l�e�d�,� �v�o�r�t�e�x�e�d� �a�n�d� �t�h�e�n� �h�e�a�t�e�d� 

�a�t� �7�5�°�C� �f�o�r� �1�5� �m�i�n�u�t�e�s� �f�o�l�l�o�w�e�d� �b�y� �a� �1�5� �m�i�n�u�t�e� �c�o�o�l�i�n�g� �p�e�r�i�o�d�.� �T�h�e� 

�m�i�x�t�u�r�e� �w�a�s� �p�o�u�r�e�d� �i�n�t�o� �a� �6�0� �m�i� �s�e�p�a�r�a�t�o�r�y� �f�u�n�n�e�l� �w�i�t�h� �t�h�e� �a�d�d�i�t�i�o�n� 

�o�f� �6� �m�l� �o�f� �d�e�i�o�n�i�z�e�d� �w�a�t�e�r� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �a�d�d�i�t�i�o�n� �o�f� �6� �m�l� �o�f� �H�P�L�C�-� 

�g�r�a�d�e� �p�e�t�r�o�l�e�u�m� �e�t�h�e�r� �(�F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c�,� �F�a�i�r� �L�a�w�n�,� �N�J�)�.� �T�h�e� �b�o�t�t�o�m� 

�l�a�y�e�r� �w�a�s� �r�e�m�o�v�e�d� �a�f�t�e�r� �s�e�p�a�r�a�t�i�o�n� �a�n�d� �p�o�u�r�e�d� �t�h�r�o�u�g�h� �a� �s�o�d�i�u�m� 

�s�u�l�f�a�t�e� �d�r�y�i�n�g� �t�u�b�e� �i�n�t�o� �a� �1�0� �m�i� �v�i�a�l�,� �t�o� �r�e�m�o�v�e� �r�e�s�i�d�u�a�l� �m�o�i�s�t�u�r�e�.� 

�T�h�e� �r�e�m�a�i�n�i�n�g� �s�o�l�u�t�i�o�n� �w�a�s� �p�r�e�p�a�r�e�d� �f�o�r� �g�a�s� �c�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�G�C�)� �b�y� 

�c�o�n�c�e�n�t�r�a�t�i�n�g� �t�o� �4� �m�l� �u�n�d�e�r� �a� �s�t�e�a�d�y� �s�t�r�e�a�m� �o�f� �n�i�t�r�o�g�e�n� �g�a�s�.� 

�A�p�p�r�o�x�i�m�a�t�e�l�y� �1�0�0� �u�l� �o�f� �s�a�m�p�l�e� �w�e�r�e� �d�e�l�i�v�e�r�e�d� �t�o� �a� �G�C� �v�i�a�l� �a�n�d� 
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�p�l�a�c�e�d� �i�n� �t�h�e� �a�u�t�o�i�n�j�e�c�t�o�r� �h�o�l�d�i�n�g� �t�r�a�y�,� �w�i�t�h� �a�n� �i�n�j�e�c�t�i�o�n� �v�o�l�u�m�e� �o�f� 

�1�.�0� �u�l�.� �A� �S�h�i�m�a�d�z�u� �G�C�1�4�A� �m�o�d�e�l� �(�S�h�i�m�a�d�z�u�,� �C�o�l�u�m�b�i�a�,� �M�D�)� �e�q�u�i�p�p�e�d� 

�w�i�t�h� �a�n� �A�O�C� �1�4� �a�u�t�o�i�n�j�e�c�t�o�r� �a�n�d� �a� �c�h�r�o�m�a�t�o�p�a�c� �C�-�R�4�A�X� �p�r�o�c�e�s�s�o�r� 

�w�i�t�h� �f�l�a�m�e� �i�o�n�i�z�a�t�i�o�n� �d�e�t�e�c�t�i�o�n� �(�F�I�D�)� �w�a�s� �u�s�e�d� �f�o�r� �G�C� �a�n�a�l�y�s�i�s�.� �T�h�e� 

�i�n�j�e�c�t�o�r� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� �s�e�t� �a�t� �2�2�0�°�C� �a�n�d� �t�h�e� �d�e�t�e�c�t�o�r� �t�e�m�p�e�r�a�t�u�r�e� 

�a�t� �2�4�0�°�C�.� �T�h�e� �h�e�l�i�u�m� �c�a�r�r�i�e�r� �g�a�s� �w�a�s� �a�p�p�r�o�x�i�m�a�t�e�l�y� �1�.�0� �m�l�/�m�i�n�,� 

�w�i�t�h� �a� �m�a�k�e� �u�p� �g�a�s� �o�f� �h�y�d�r�o�g�e�n�/�a�i�r� �a�t� �a� �r�a�t�i�o� �o�f� �3�:�3�0� �a�n�d� �a� �f�l�o�w� �r�a�t�e� 

�o�f� �5�0�.�0� �m�l�/�m�i�n�.� �T�h�e� �s�p�l�i�t� �r�a�t�i�o� �w�a�s� �s�e�t� �a�t� �1�:�2�0� �(�2�0� �m�l�/�m�i�n�)� �a�n�d� �t�h�e� 

�a�t�t�e�n�u�a�t�i�o�n� �(�s�e�n�s�i�t�i�v�i�t�y�)� �w�a�s� �s�e�t� �a�t� �3�.� �A� �S�P�2�3�3�0� �(�S�u�p�e�l�c�o�,� 

�B�e�l�l�e�f�o�n�t�e�,� �P�A�)� �c�a�p�i�l�l�a�r�y� �c�o�l�u�m�n� �,� �3�0� �m�e�t�e�r�s� �b�y� �0�.�3�2� �m�i�l�l�i�m�e�t�e�r�s� 

�i�n�t�e�r�n�a�l� �d�i�a�m�e�t�e�r� �w�i�t�h� �a� �0�.�2�0� �u�m� �f�i�l�m� �t�h�i�c�k�n�e�s�s� �w�a�s� �u�s�e�d� �f�o�r� �F�A�M�E� 

�s�e�p�a�r�a�t�i�o�n�.� �T�h�e� �t�e�m�p�e�r�a�t�u�r�e� �p�r�o�g�r�a�m�m�i�n�g� �c�o�n�s�i�s�t�e�d� �o�f� �a� �5�°�C�/�m�i�n�u�t�e� 

�t�e�m�p�e�r�a�t�u�r�e� �r�a�m�p� �f�r�o�m� �1�8�0�°�C� �t�o� �2�2�0�°�C� �w�i�t�h� �a� �1�4� �m�i�n�u�t�e� �h�o�l�d� �a�t� �t�h�e� 

�f�i�n�a�l� �c�o�l�u�m�n� �t�e�m�p�e�r�a�t�u�r�e�.� �T�h�e� �c�o�l�u�m�n� �w�a�s� �c�o�n�d�i�t�i�o�n�e�d� �f�o�r� �3�0� 

�m�i�n�u�t�e�s� �p�r�i�o�r� �t�o� �e�a�c�h� �i�n�i�t�i�a�l� �r�u�n� �b�y� �h�e�a�t�i�n�g� �a�t� �2�3�0�°�C�.� 

�F�a�t�t�y� �a�c�i�d� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �o�n� �a� �w�e�i�g�h�t� �%� �b�a�s�e�s�,� 

�u�s�i�n�g� �t�h�e� �i�n�t�e�r�n�a�l� �s�t�a�n�d�a�r�d� �h�e�p�t�a�d�e�c�a�n�o�i�c� �a�c�i�d� �(�C�1�7�)� �a�s� �a� �m�e�a�s�u�r�e� �t�o� 

�c�h�e�c�k� �t�h�e� �p�e�r�c�e�n�t� �r�e�c�o�v�e�r�y�.� �T�h�e� �i�n�d�i�v�i�d�u�a�l� �f�a�t�t�y� �a�c�i�d�s� �(�F�A�M�E�S�)� �w�e�r�e� 

�i�d�e�n�t�i�f�i�e�d� �u�s�i�n�g� �a� �S�i�g�m�a� �r�e�f�e�r�e�n�c�e� �o�i�l� �s�t�a�n�d�a�r�d� �A�O�C�S� �0�-�7�7�5�6� 

�(�S�i�g�m�a� �C�h�e�m�i�c�a�l� �C�o�.�,� �S�t�.� �L�o�u�i�s�,� �M�O�)� �s�e�e� �A�p�p�e�n�d�i�x� �F� �(�F�i�g�u�r�e� �F�.� �1�.�)�.� �T�h�e� 

�r�e�f�e�r�e�n�c�e� �s�t�a�n�d�a�r�d� �w�a�s� �p�l�a�c�e�d� �i�n� �t�h�e� �f�i�r�s�t� �a�n�d� �e�v�e�r�y� �f�i�f�t�h� �p�o�s�i�t�i�o�n� 

�o�f� �t�h�e� �a�u�t�o�i�n�j�e�c�t�o�r� �t�r�a�y�,� �i�m�m�e�d�i�a�t�e�l�y� �f�o�l�l�o�w�i�n�g� �a� �s�o�l�v�e�n�t� �b�l�a�n�k�.� �I�n� 

�t�h�i�s� �m�a�n�n�e�r�,� �a� �s�h�i�f�t� �i�n� �r�e�t�e�n�t�i�o�n� �t�i�m�e�s�,� �i�f� �e�x�p�e�r�i�e�n�c�e�d�,� �c�o�u�l�d� �b�e� 

�a�c�c�o�u�n�t�e�d� �f�o�r� �b�y� �c�o�m�p�a�r�i�n�g� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �r�e�f�e�r�e�n�c�e� 

�c�h�r�o�m�a�t�o�g�r�a�m�s�.� �T�h�e� �s�o�l�v�e�n�t� �b�l�a�n�k�s� �w�e�r�e� �u�s�e�d� �t�o� �i�n�s�u�r�e� �t�h�a�t� 
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�r�e�s�o�l�v�e�d� �p�e�a�k�s� �w�e�r�e� �n�o�t� �a� �r�e�s�u�l�t� �o�f� �c�o�l�u�m�n� �o�v�e�r�l�o�a�d� �o�r� 

�c�o�n�t�a�m�i�n�a�t�i�o�n�.� 

�F�.� �3�.� �c�.� �T�r�i�g�l�y�c�e�r�i�d�e� �A�n�a�l�y�s�i�s�:� �R�e�v�e�r�s�e�-�p�h�a�s�e�'� �H�i�g�h� 

�P�e�r�f�o�r�m�a�n�c�e� �L�i�q�u�i�d� �C�h�r�o�m�a�t�o�g�r�a�p�h�y� �(�H�P�L�C�)�.� 

�T�h�e� �i�n�d�i�v�i�d�u�a�l� �t�r�i�g�l�y�c�e�r�i�d�e� �c�o�n�t�e�n�t� �o�f� �t�h�e� �v�e�g�e�t�a�b�l�e� �o�i�l� �b�l�e�n�d�s� 

�w�e�r�e� �d�e�t�e�r�m�i�n�e�d� �u�s�i�n�g� �t�h�e� �A�O�C�S� �O�f�f�i�c�i�a�l� �M�e�t�h�o�d� �C�e� �5�c�-�9�3�:� 

�I�n�d�i�v�i�d�u�a�l� �T�r�i�g�l�y�c�e�r�i�d�e�s� �i�n� �O�i�l�s� �a�n�d� �F�a�t�s� �b�y� �H�P�L�C�,�(�A�O�C�S�,� 

�1�9�9�3�)� �a�n�d� �t�h�e� �m�e�t�h�o�d�s� �d�e�s�c�r�i�b�e�d� �b�y� �P�a�l�m�e�r� �a�n�d� �P�a�l�m�e�r� �(�1�9�8�9�)�.� �T�h�e� 

�r�e�v�e�r�s�e�-�p�h�a�s�e� �i�s�o�c�r�a�t�i�c� �H�P�L�C� �s�y�s�t�e�m� �w�a�s� �a�n� �A�u�t�o�m�a�t�e�d� �B�a�s�e�l�i�n�e� 

�8�1�5�,� �w�i�t�h� �B�a�s�e�l�i�n�e� �S�o�f�t�w�a�r�e� �a�n�d� �a� �N�E�C� �W�a�t�e�r�s� �C�o�m�p�u�t�e�r� �S�y�s�t�e�m� 

�w�i�t�h� �a� �V�o�t�e�x� �E�L�S�D� �I�I� �A� �m�a�s�s� �d�e�t�e�c�t�o�r� �(�B�u�r�t�o�n�s�v�i�l�l�e�,� �M�D�)�.� �A� �2�5�0� �m�m� 

�b�y� �4�.�6� �m�m� �a�n�d� �5�u� �O�D�S� �u�l�t�r�a�c�a�r�b� �H�P�L�C� �c�o�l�u�m�n� �w�i�t�h� �a� �3�0� �m�m� �b�y� �4�.�6� 

�m�m� �g�u�a�r�d� �c�o�l�u�m�n� �w�a�s� �u�s�e�d� �f�o�r� �t�h�e� �s�e�p�a�r�a�t�i�o�n� �o�f� �t�r�i�g�l�y�c�e�r�i�d�e�s� 

�(�P�h�e�n�o�m�e�n�e�x� �I�n�c�.�,� �L�o�s� �A�n�g�e�l�e�s� �C�A�)�.� 

�A�p�p�r�o�x�i�m�a�t�e�l�y� �8�5�.�0� �m�g� �o�f� �v�e�g�e�t�a�b�l�e� �o�i�l� �s�a�m�p�l�e� �w�e�r�e� �d�i�s�s�o�l�v�e�d� �i�n� 

�1�0�.�0� �m�l� �o�f� �H�P�L�C�-�g�r�a�d�e� �a�c�e�t�o�n�e� �(�F�i�s�h�e�r� �S�c�i�e�n�t�i�f�i�c�,� �F�a�i�r� �L�a�w�n�,� �N�u�)�,� 

�c�a�p�p�e�d� �a�n�d� �v�o�r�t�e�x�e�d�.� �A�p�p�r�o�x�i�m�a�t�e�l�y� �1�0�0�.�0� �u�l� �w�e�r�e� �d�e�l�i�v�e�r�e�d� �t�o� �a� 

�H�P�L�C� �v�i�a�l� �a�n�d� �p�l�a�c�e�d� �i�n� �t�h�e� �a�u�t�o�i�n�j�e�c�t�o�r� �t�r�a�y�,� �w�i�t�h� �a� �2�0� �u�l� �i�n�j�e�c�t�i�o�n� 

�v�o�l�u�m�e�.� �T�h�e� �H�P�L�C� �r�u�n�n�i�n�g� �c�o�n�d�i�t�i�o�n�s� �c�o�n�s�i�s�t�e�d� �o�f� �a� �1�.�2� �m�l�/�m�i�n� 

�f�l�o�w� �r�a�t�e� �i�n� �a�n� �a�c�e�t�o�n�e�:�a�c�e�t�o�n�i�t�r�i�l�e� �[�3�:�1�]� �m�o�b�i�l�e� �p�h�a�s�e� �f�o�r� �a� �t�o�t�a�l� 

�r�u�n�n�i�n�g� �t�i�m�e� �o�f� �3�0� �m�i�n�u�t�e�s�.� �T�h�e� �c�o�l�u�m�n� �t�e�m�p�e�r�a�t�u�r�e� �w�a�s� 

�m�a�i�n�t�a�i�n�e�d� �a�t� �2�2�°�C� �w�i�t�h� �a� �b�a�c�k� �p�r�e�s�s�u�r�e� �o�f� �1�3�0�0� �p�s�i� �+� �2�0�0� �p�s�i�,� �w�i�t�h� 
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