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Introduction

As a biodegradable or environmentally-acceptable materials have been interested, dodecyl alcohol ethoxylates derived from the reaction of dodecyl alcohol with ethylene oxide are being widely used in many industrial applications such as laundry detergent liquids or powders, textile scouring, and agricultural emulsions. Conventionally, dodecyl alcohol ethoxylates prepared using a base catalyst such as potassium hydroxide, are a mixture of polyoxyethylene oligomers with a broad chain length distribution [1]. 
The narrow range alcohol ethoxylate has been studied to overcome shortcoming of broad range ethoxylate. The narrow-range ethoxylates have lower viscosity, a higher concentration of surface active oligomers in the effective detergent range, and reduce the interfacial tension more efficiently than their conventional broad range one [2-3].

The surface properties of ethoxylate surfactant were intensively investigated, [4-5] but  it has been rarely studied on what the distribution of oxyethylene effects on the interfacial properties. In this study, the interfacial properties of dodecyl alcohol 7 ethoxylates(LAE-7) was reported according to different homologue distributions. We observed the anomalous change of surface tension at polydispersed ethoxylates.
Material and Methods

1. Materials.  Monodisperse dodecyl alcohol 7 polyoxyethylene(Pure-7) was purchased from Sigma Chemical Co. Dodecyl alcohol 7 polyoxyethylenes with different distributions (NRE-7 and BRE-7; polydispersity indices, 1.06 and 1.14) were synthesized at Dong-Nam Chemicals, Ltd, and Honam Petrochemical Corp. xBRE-7, dodecyl alcohol 7 polyoxyethylene with extra broad-range was prepared by mixing the different amounts of BRE series. The distribution of ethylene oxide chain length in each grade was quantitatively analyzed by a liquid chromatography as shown in Fig. 1. All the surfactant solutions were prepared using de-ionized water and all measurements were carried out at 25.0 ± 0.1 °C.
2. Static Surface Tension Measurement.  Equilibrium surface tensions were measured with a K12 tensiometer (Krüss) equipped with a du Nouy ring. The addition of surfactant was controlled by Metrohm Dosimat microtitration unit. All the experiments were repeated five times or more, and an average of all the values was determined for each sample.
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 A curve of the change in surface pressure with area is determined by the simplified form of the Gibbs equation. For a system containing one pure surfactant at a constant temperature the equation becomes
(1)
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while for a multi-component system the determined surface excess is the summation of contributions of all the components at the surface. Then the area per molecule, A, just below the CMC was calculated by 

(2)

where N is the Avogadro’s number.
3. Molecular area at the air-water interface.. The surface pressure as a function of the area was measured by utilizing a Langmuir balance. The subphase of monolayer was the highly concentrated salt solution enough to prevent the dissolution of monolayers [6]. The (-A isotherms were measured by using KSV 5000 Langmuir-Blodgett system, KSV Instrument Ltd., equipped with Wilhelmy plate. Before taking any data, we repeated the compression-expansion cycle to ensure that material is not lost from the surface during compression. 

Results and Discussion
1. CMC and Surface Area. The CMC’s were determined from the break of the curves by extrapolating the straight parts of the plot on both sides of the breakpoint in the Fig. 2. The CMC of Pure-7 was 0.081mM, which is good agreement with Rosen’s value of 0.082mM[7]. The cross-sectional surface areas of molecules are calculated by Gibbs equation. The CMC and the surface area of LAE-7 molecules were shown in Fig. 3. It is interesting that the CMC and the cross-sectional surface area decrease linearly with increasing polydispersity index. 
Since the molecules of short polyoxyethylene chain will be preferably adsorbed at the surface, the surface tension and molecular surface area/molecule will decrease. Also the short chain molecules have the lower CMC as the solubility of dodecyl ether with the short polyoxyethylene chain in water decreases the CMC with increasing polydispersity index.
Rosen et al already derived molecular surface area/molecule for pure dodecyl alcohol ethoxylates with increasing chain length of oxyethylene[7]. The chain length of oxyethylene of LAE-7 on the surface can be calculated from the surface area by interpolation (Fig. 4). The chain length of oxyethylene of LAE-7 decreased remarkably with increasing polydispersity index. The estimated chain length of oxyethylene on the surface is 5.5moles for NRE-7, 3.2moles for BRE-7, and 2.1moles for xBRE-7. 
2. (-A Isotherms. The (-A isotherm of LAE-7 shows no significant difference with different homologue distribution (Fig. 5). The Limiting area of LAE-7 at collapse decreases slightly as polydispersity index increases. The headgroup areas derived from Gibbs equation at CMC and ( - A isotherm at collapse are significantly different such that at the low polydispersity index, Pure-7 and NRE-7, the thermodynamic area is much greater than that of the compressed by the external force, but that at the high polydispersity index, BRE-7 and xBRE-7, the thermodynamic area was reduced than the compressed (Fig. 6). It is reasonable to explain that the area of headgroup for ( - A isotherm is the average of all the distribution, while at the equilibrium the surface molecules are those of highly surface active components among the distribution. In fact. The short polyoxyethylene chain is preferentially adsorbed onto the surface.
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[image: image4.wmf]FIG 3.  Surface tension vs. concentration  curve of LAE-7 with different 

 homolog distribution. a) at very dilute concentration to clarify second break

 point. b) at high concentration to calculate CMC.
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[image: image7.wmf]FIG 1.   Distribution of oxyethylene chain length in LAE-7.  Polydispersity

 index (=Mw/Mn) is calculated from distribution. (Polydispersity index ; 

 Pure-7(1.00),  NRE-7(1.06), BRE-7(1.14), xBRE-7(1.17))
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[image: image8.wmf]FIG 6.  Critical micelle concentration  and cross-sectional surface area of

LAE-7 with different homolog distribution. 
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[image: image11.wmf]FIG 9  Difference of surface area of LAE-7 molecule. Circles are calculated

 from Gibbs equation at equilibrium surface tension, retangulars represent
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Fig. 5. (-A isotherms of LAE-7 with different homologue distribution
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Fig. 4. Chain length of oxyethylene on the surface from the data of ref 7





Fig. 3. CMC and cross-sectional surface area 
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Fig. 2. Surface tension vs. concentration curve distribution. 











Fig. 1. Distribution of oxyethylene chain length 
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Fig. 6  Difference of surface area of


LAE-7 molecule. 
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