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ABSTRACT 

C10 esters of acetic acid and octanoic acid were synthesized by esterifying with octanol and ethanol respectively. Under 
the experimental conditions employed for the synthesis, the percentage conversion of octyl acetate (OA) as measured by 
acid value titration was 88.76% while the percentage conversion of ethyl octanoate (EO) was 78.82 %. The synthesized 
esters were purified by column chromatography using a solvent system made up of n-hexane and diethyl ether in the 
ratio of 9:1 v/v. The presence of the ester functional group in the synthesized products was confirmed by FTIR spectral 
analysis and the esters were screened for their surfactant property. Comparison of the physicochemical properties of the 
C10 esters with that of a commercially available synthetic base fluid indicated that there is an agreement between the 
two set of physicochemical properties. Thus, the esters could serve as synthetic base fluids in the formulation of drilling 
muds for oil and gas wells. 
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INTRODUCTION 
Esterification is one of the classic synthetic reactions that have enjoyed numerous applications both in 
industrial and academic laboratories [1-4]. The common synthetic routes to esters include condensation 
reactions of carboxylic acids with alcohols and acylation of the alcohols with acylating reagents like acid 
anhydrides and acyl halides [4].  
H2SO4 is the traditional catalyst for esterification reactions, but it is inherent with the problem of longer 
reaction time [5], and poor yield when applied to transesterification [6]. It also leads to tedious work up 
procedure which generates a lot of waste and corrosion of equipment. 
Moreover, most of the synthetic methods reported for esterification have some drawbacks which include 
long reaction time, the use of transition metals, moisture sensitivity and formation of by-products [7]. 
Iodine has been identified as a readily available, inexpensive, nontoxic catalyst for various 
transformations in organic chemistry. It is usually employed under mild and convenient experimental 
conditions and affords the target products in good yields and high selectivity [8-10]. 
One major drawback of acid catalyzed esterification that is conveniently handled by iodine catalysis is 
moisture sensitivity. As more water is produced in the course of an esterification reaction, the water that 
is produced dilutes the Brónsted acid catalyst [11], thereby reducing its efficiency. Thus, water has to be 
continuously removed by distillation which further complicates the reaction set up or is removed by 
molecular sieves, thereby increasing cost. Conversely, iodine as a catalyst is moisture stable [12], and 
does not require special precautions to exclude moisture or air from the system. 
From the pioneering work of Ramalinga et al. [13], several researchers have continued investigating the 
suitability of molecular iodine as a catalyst in esterification and transesterification reactions.   
Chavan et al. [14] were able to effect a facile transesterification of β- ketoesters using  catalytic quantities 
of iodine.  Ren and Cai [15] following in their wake,  reported a method for the transesterification 
between  β- ketoesters and alcohols in the presence of  iodine catalyst in polyethylene glycol (PEG) and 
ionic liquid (IL). The esters were obtained in good yields.   
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Orom´ı-Farr ´ us et al. [16] reported a procedure for iodine catalyzed solvent-free esterification of chiral 
alcohols using almost equal amounts of carboxylic acid and alcohol with no byproducts formed. They 
concluded that the procedure was simple and provides a very efficient method of esterification of 
numerous acyclic and cyclic chiral alcohols. 
Jereb et al. [17] investigated the optical behavior of alcohols in solvent free esterification reaction with 
chiral substrates. They observed that benzylic alcohols lost their optical activity, whereas alkyl alcohols 
yielded a product with their stereochemistry retained. 
Traditionally, the aromatic nature of esters have necessitated their utilization as odorants and artificial 
flavourings in the cosmetic, pharmaceutical and beverage industries [18-20]. 
Within the last two decades however, the biodegradable and eco-friendly nature of medium chain fatty 
acids esters led to an increase in their utilization as base fluids for the formulation of drilling muds used 
in drilling oil and gas wells [22, 23, 24]. 
This research work was embarked upon in order to synthesis octyl acetate and ethyl octanoate using 
iodine as a catalyst and to characterize them for benchmarking with a commercial synthetic base fluid 
(CSBF), to ascertain its suitability as synthetic base fluid for drilling mud formulation.  
 
EXPERIMENTAL 
Materials 
1 - Octanol was obtained from Xilong Chemicals, sodium hydrogen carbonate, sodium hydroxide and 
sodium thiosulphate pentahydrate were purchased from JDH Chemicals, and all other reagents were 
purchased from Sigma-Adrich Chemie Gmbh. All the reagents were of analar grade and used as received 
without further purification. The reference fluid was supplied by Shell Nigeria Exploration and 
Production Company (SNEPCo). All yields refer to crude products before purification. The products were 
characterized by comparison of their IR spectral   data with those reported in the literature. IR spectra 
were recorded in KBr discs on a system prestige 21 (Shimadzu) and recorded in the region of 4000 – 400 
cm-1, while the surfactant screening of the esters was performed using an automatic surface tensiometer 
BZY 101 (Shanghai Fangrui Instrument). The progress of the reaction was monitored by acid value 
titration using 0.5M NaOH.  
Synthesis of Ethyl Octanoate  
Octanoic acid (1mol, 158.4 ml), ethanol (3 mol, 174.7 ml) and iodine (57 mmol, 7.2g), were charged into a 
1 L three-neck round bottom flask which served as the reactor. The mixture was heated under reflux in an 
oil bath until the oil bath attained a temperature of 120oC. Then stirring of the mixture was commenced 
and the progress of the reaction was monitored by titration with standard 0.5M NaOH solution to 
measure the acid value. At the end of the reaction, the mixture was cooled to room temperature, washed 
with concentrated Na2S2O3 in a separatory funnel until the dark brown color of iodine was dissipated, and 
extracted with petroleum ether (30-60OC) (100ml × 2). Thereafter, the mixture was washed with warm 
(60oC) solution of NaHCO3 (100ml × 4). Then the product was finally washed with warm (60oC) deionized 
water (100ml ×2). It was dried over anhydrous Na2SO4 and the crude product recovered by distillation 
under atmospheric pressure (80oC) to remove the excess alcohol and the petroleum ether.  
This same procedure was adopted for the synthesis of octyl acetate under the same experimental 
conditions. However, the mole ratio of 3:1 (acetic acid to octanol) was adopted as opposed to 3:1 (ethanol 
to octanoic acid) for ethyl octanoate. The crude ester products were purified using column 
chromatography with a silica gel column (4cm in diameter, 50cm in height) and a solvent system made up 
of hexane and diethyl ether in the ratio of 9:1 v/v (Otera and Nishikido, 2010). The equations of the 
reaction for the synthesis of the esters are presented in figures 1 and 2. 
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Equation 1: synthesis of Ethyl Octanoate 
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Equation 2: Synthesis of Octyl Acetate 

 
Determination of the Physical Properties of the Esters 
The physical properties of the crude esters as well as a commercial synthetic drilling fluid were measured 
following standard analytical techniques. This was done to ascertain the suitability of the esters 
synthesized as synthetic base fluids. The properties of interest include pH, specific gravity (at room 
temperature and at 60oF), viscosity at 40oC, flash point, cloud point, fire point and pour point. 
Surfactant Screening of the Esters 
The instrument was calibrated with distilled water and n-octanol.  The surface tension of the pure esters, 
the crude oil, and a mixture of crude oil and water at an oil water ratio (OWR) of 20/ 80 was determined 
separately using the tensiometer. Thereafter increasing volumes of the ester samples were added to the 
oil/water mixture and manually agitated for two minutes. The surface tension of the mixture was read off 
the instrument and the values were recorded. 
 
RESULTS AND DISCUSSION 
Percentage Conversion of Esters 
The acid value and percentage conversion of the acids to esters were calculated using equations 1 and 2 
respectively. 

�� =  
 ���.  × ���� × � × ��

�� �� ������
                     (1) 

 

% ���������� �� ���� =
��� –���

���
 × 100     (2) 

 
AV = Acid value 
Vol = volume of NaOH required to reach endpoint 
c = molar concentration of NaOH 
40g/mol = molar mass of NaOH 
AV1 = acid value of lauric acid in mg/ml NaOH 
AV2 = acid value of the ester phase at the end of the reaction 
From the result of the acid value analysis, it was observed that when the acid and alcohol moieties of the 
esters were interchanged, there was an increase in the percentage conversion of the acids to esters from 
78% for ethyl octanoate to 89% for octyl acetate. This shows that the carbon chain length of the acid and 
alcohol contributed to the rate of conversion of the acids to esters. This is in line with the result obtained 
by Sun et al. (2006), while working with acrylic acid and different chain length of aliphatic alcohols. The 
results indicate that increase in chain length of the alcohol moiety, led to a reduction in the yield of esters 
from 69% for ethanol, to 60% for octanol. However, they worked with equal moles of acrylic acid and 
alcohol, 0.025 mmol of ZrOCl2·8H2O catalyst, reaction temperature of 50oC and 24 hrs reaction time.   
FTIR Spectral Analysis 
The spectra obtained from the Fourier Transform Infrared (FTIR) spectrophotometry were compared 
with previous reports [26, 27, 28], in order to identify the functional groups present. The FTIR spectra of 
the two esters show the characteristic absorption bands associated with aliphatic esters. The two peaks 
occurring between 2800 and 3000 cm-1 are characteristic of the absorption bands of symmetric and 
asymmetric C-H stretching of alkyl groups. The strong absorption peaks around 1725 – 1750 cm-1 were 
assigned to the C=O bond of esters, while those occurring between 1110 – 1300 cm-1 were assigned to the 
O-C-O stretching of esters [28]. A summary of the IR interpretation is given in Table 1. 
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Table 1: FTIR Spectroscopic Analysis of the Synthesized Compounds 
Functional Group FTIR Bands (cm-1) 

Ethyl Octanoate 
(EO) 

Octyl Acetate 
(OA) 

ʋ O-C-O (ester) 
stretching 

    1460.11  
    1166.93 

1367.53  
1232.51 

ʋ C=O (ester) 
stretching 

    1735.93 1739.7 

ʋ C-H sym and C-H 
asym stretching 

     2926.01 2924.09  
    2858.51 2856.58 

 
Comparison of the physicochemical properties of the esters with the reference fluid showed that the pH 
of EO was 6.73; pH of OA was 4.64; while the reference fluid had a pH of 7.02. A neutral or basic pH is 
more desirable for a base fluid than an acidic pH as this will impact on the pH of the mud formulated from 
the fluid [25]. Thus, the low pH of OA is undesirable. However, this value could be increased by subjecting 
the esters to a more vigorous work up procedure with aqueous basic solutions.   
The specific gravity (SG) of EO, OA and CSBF at room temperature ranged between 0.860, 0.870 and 0.813 
while the kinematic viscosity was 4.10, 3.50 and 3.00 for EO, OA and CSBF respectively.  Thus, there is a 
close agreement between the values obtained for the SG and kinematic viscosity of the esters and those of 
the CSBF. 
The pour point below -4.00 recorded for all the base fluids indicates that they will allow for more 
rheological flexibility at lower temperatures, this in turn will lead to better rheological control of the mud 
formulated with these base fluids especially at deeper water depths where temperatures are quite low.  
Base fluids for drilling mud formulation are expected to be stable at elevated temperatures such as those 
encountered in high temperature high pressure (HTHP) environments during drilling operations [29]. 
Thus, the flash point and fire point of the base fluids should be sufficiently high to prevent fire hazards 
during drilling. The reference fluid recorded higher flash point values relative to the C10 esters. This 
implies that the reference fluid has a higher potential for preventing well blowout when used to formulate 
muds for high temperature environments. The addition of appropriate additives however, will improve 
the flash point of the esters and make them more health, safety and environment (HSE) friendly. A 
summary of these physicochemical properties are presented in Table 2. 
 

Table 2: Physicochemical Properties of the Base Fluids 
Properties EO  OA CSBF 
pH 6.73 4.64 7.02 
Temperature (˚C) 30.20 30.00 30.10 
Density (SG) 0.855 0.864 0.808 
SG at 60˚F 0.860 0.870 0.813 
Viscosity at 40˚C (cStǃ) 4.10 3.50 3.00 
Flash point (˚C) 169.60 171.72 219.00 
Fire point (˚F) 191.00 199.00 260.00 
Cloud point (˚C) 19.00 20.00 17.00 

Pour point (˚C) <-4.00 <-4.00 <-4.00 

ǃ cSt = centi-Stokes = Cp ÷ SG 
 
SURFACTANT SCREENING OF THE ESTERS 
The results obtained from the surfactant screening of the esters are presented in tables 4 and 5. The first 
table displays the surface tension of the pure substances, while the second one displays the surface 
tension of the oil/water mixture after the addition of different quantities of the esters.  
 

Table 4: Surface Tension of the Pure Substances 
Substance Surface tension 

(mM/m) 
Water 71.30 
Octanol 27.50 
Crude oil 29.20 
Water + Crude Oil 28.10 
EO 25.20 
OA 26.10 

After the addition of the esters to 5ml of the  20/80 oil/water (O/W) mixture, a new set of values of 
surface tension were obtained as recorded below. 
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Table 5: Effect of the Esters on the Surface Tension of O/W mixture 

Volume of Esters (ml) 
Surface Tension 

EO OA 
5 26.50 26.20 
10 25.20 25.10 
15 22.80  23.10 

 
The surface tension of EO was 25.20mM/m while that of OA was 26.10mM/m. The surface tension of the 
crude oil alone was 29.2mM/m, but was reduced to 28.1mM/m when mixed with water. When 5ml of 
ester was added to the mixture of crude oil and water, the surface tension was reduced to 26.50mM/m by 
EO while it was reduced to 26.20mM/m by OA. On addition of 10ml of ester, the surface tension was 
further reduced to 25.20mM/m by EO and 25.10 mM/m by OA. It was observed that at lower 
concentrations of the ester, OA has a better surface tension reducing property, while at higher 
concentration, EO was better at reducing the surface tension of the oil/water mixture. 
 
CONCLUSIONS 
We have reported a simple, efficient, and environmentally friendly protocol for the synthesis of ethyl 
octanoate and octyl acetate using molecular iodine as catalyst. The percentage conversion of octyl acetate 
was 88.76% against that of ethyl octanoate (EO) which was determined as 78.82 %. There was an 
agreement between the physicochemical properties of the esters synthesized with that of a commercially 
available synthetic base fluid. The esters could therefore serve as synthetic base fluids in the formulation 
of drilling muds for oil and gas wells. However, surfactant screening of the esters showed that they have 
minimal surface tension reducing properties towards a mixture of crude oil and water.  
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