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Introduction
The possibilities of polymer application for the realization of the different practical tasks depend essentially on energy characteristics of polymer surface at the interfaces with gas (γSV) and liquids (γSL). Both these characteristics may be determined indirectly using contact angle measurements [1] in accordance to the Young equation for the equilibrium contact angle value (θ) of any liquid at the solid surface:

γLVcosθ =  γSV – γSL 
(1),

where γLV is the surface tension of liquid [1, 2] in context of molecular theory of wetting of Girifalco-Good-Fowkes [1, 2], which is based on the analysis if intermolecular interactions between the solid and liquid phases. 
This paper shows new possibilities of the prediction and comparison of transport properties of continual membranes of amorphous polymers by means of its surface energy characteristics which were determined using contact angle measurements.

Experiments
The films of amorphous polymers with different chemical structure were studied. These were commercial Hyflons AD-60 and AD-80 (Solvay-Solexis), Teflons AF 1600 and AF 2400 (Du Pont) [3]. Polynorbornenes [4, 5] (Table 1), poly(4-methyl-2-pentine) (PMP) [6] and poly[1-(thrimethylsilyl)-1-propine (PTMSP) [7] were synthesized and characterized in Topchiev Institute of Petrochemical Synthesis, RAS; polynorbornene synthesis  was realized by metathesis (MPNB) [4] and  additive (АPNB) [5] polymerization of corresponding monomers. Polymer films were prepared by coating from solutions at the surface of solid carriers (Alumina plates) with size 10х15х1 mm. 1 mass% of MPNB solution in toluene, 1 mass% of АPNB solution  in cyclohexane and  1 mass%  of AD and AF in octafluorotoluene were used; then films were dried during 48 h at 20оС. PTMSP and PMP films were prepared in accordance to technique described in [8]. The films thickness was 300-500 nm.
Contact angles of probe liquids (H2O and CH2I2) and aqueous ethanol solutions on the polymer surfaces were measured using sessile drop technique with accuracy 1о. The dispersive (γdSV) and polar components (γpSV) of polymer surface energy were calculated using Owens-Wendt-Kaelble approach [1]. The accuracy of determination of γ and its components was 1 mJ∙m–2. All measurements were performed at 20°C.

Table 1: Structural formulae of monomer links of polymers

	Monomer link
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	Polymer symbol
	MPNB


	(Me3Si) –MPNB
	(Me3Si)2 – MPNB


	APNB 2,3


	Me3Si – APNB 2,3


Results

Equations of molecular theory of wetting were obtained initially for smooth and homogeneous surface. But the properties of real surfaces must be taken into account. The calculation of the degree of heterogeneity of surfaces of polymer films has been performed in assumption of wetting in so-called Cassie-Baxter regime [2]:

cosθ = xcosθ1 + (1– x)cosθ2

(2),

where x and (1– x) are the fractions of the surface having  contact angles θ1 and θ2, respectively; θ is experimental contact angle of water at polymer film (Table 2), θ1 = 0 corresponds to wetting of pores filled with water at the polymer surface; θ2 are contact angles of water at close-packing polymer surface.

Table 2: Contact angles of water 
	Polymer
	θ, degree
	θ2, degree
	Functional groups at the close-packing polymer surface

	MPNB
	92
	96
	–CH2–

	APNB 2,3
	91
	
	

	(Me3Si) – MPNB
	95
	104
	– CH3

	(Me3Si)2 – MPNB
	100
	
	

	(Me3Si) – APNB2,3
	97
	
	

	PTMSP
	85
	
	

	PMP
	77
	
	

	AF 2400
	114
	120
	–CF2–

	AF 1600
	111
	
	

	AD 80
	112
	
	

	AD 60
	115
	
	


The fractions of pores at the surfaces of polymer films x are comparable with fractional free volume of polymer FFV for all polynorbornenes (Figure 1). This means that the pores on the polymer surface really are filled with water: in case of AD and PTMSP x < FFV, for AF polymers x << FFV. This fact permits to believe that surface layers of polymer films have packing density more than inside. The results obtained prove the homogeneous regime of wetting and correctness of the approach to calculation of surface energy characteristics using experimental contact angles. The fact x > FFV for PMP requires further consideration in spite of this polymer is included in the correlation of surface properties and transport properties of polymer films (Figure 2). The dependence lnP = f(γdSV) is promising for the prediction and comparison of gas transport efficiency of different polymer membranes using its surface energy.
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	Figure 1. The relationship between the fractions of pores at the surfaces of polymer films x and fractional free volume of polymer FFV.
Figure 2. The dependence of gas permeability (Р, Barrer) from dispersive component of surface energy of amorphous polymer films.

Films of PMP and PTMSP were investigated earlier in the context of nanofiltration of alcohol/water solutions. It was shown earlier that surface tension and contact angles of alcohol solutions at the polymer surfaces may be used for the determination of alcohol concentration providing the sorptive swelling of polymer film [9]. This process is controlled by γSL of the solution/film interface. The application of equation (1) for this analysis with fixed initial γSV values for PMP γSV =(γdSV  + γрSV) =(11+17) mJ∙m–2  and PTMSP γSV = (7+15) mJ∙m–2 leads to the result devoid of physical meaning: γSL< 0. Hereby, the alteration of polymer surface energy after its contact in aqueous solutions must be taken into account. The surface energy characteristics of polymer films after its contact with water during 30 min appeared to be γSV = (6  + 36) mJ∙m–2 for PTMSP and γSV = (5 + 55) mJ∙m–2 for PMP. The results obtained demonstrate a significant increase of the polar component of surface energy of polymer film caused by penetration of water in surface layer of PMP or PTMSP. Namely these γSV values were used for the calculation of γSL of the «alcohol solution/polymer film» interface. The γSL = f(C) shows that γSL values corresponding to the beginning of sorptive swelling of polymer samples [10] appeared to be individual for each polymer: γSL ((5, 6) mJ∙m–2 for PTMSP and γSL ((24, 26) mJ∙m–2 for PMP (Figure 3). It is remarkable that γSL values are independent from nature of alcohol. 
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Figure 3. Isotherms of interfacial tension of aqueous alcohol solution/polymer».
Thus, the calculation of energy of «polymer/liquid» interface γSL and search of relationship of γSL value with polymer structure is a perspective approach for the express determination of alcohol concentration, corresponding to the sorptive swelling of the polymer during the nanofiltration of liquids through the continual polymer membranes.
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