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This work presents the results of an experimental study of the Makrofol ® N and Makrofol ® DE polycarbonate foils absorption properties of 85 Kr and 131m Xe. The diffusion lengths of 85 Kr and 131m Xe in both types of foils are determined. The partition coefficients of 85 Kr from air and water and that of 131m Xe from air in Makrofol ® N are determined. The partition coefficients of 85 Kr from water and 131m Xe from air in Makrofol ® DE are also determined. The parameters are determined for T = 22 °C and allow for the full characterization of sorption and desorption of 85 Kr and 131m Xe in the foils at this temperature. The results from this study highlight the remarkable absorption ability of Makrofol ® and especially of the Makrofol ® N foil and show that it surpasses the Makrofol DE ® foil not only as a Rn absorber, but also as Kr and Xe absorber.

Introduction

A large number of radioactive isotopes of the noble gases Kr and Xe are produced by nuclear fission and thus are good tracers of civil or military nuclear activities. Some isotopes like 85 Kr and 133 Xe are released to the atmosphere during the normal operation of nuclear reactors and these are considered as key nuclides for reporting emissions from nuclear facilities (Commission of the European Communities, 2003). Large amounts of radioactive isotopes of Kr and Xe (hereafter referred to as radioactive noble gases, RNGs) can be released to the atmosphere in case of a nuclear accident or during a nuclear weapon test [START_REF] Unscear | Sources and Effects of Ionizing Radiation, UNSCEAR 2008 Report to the General Assembly, with Scientific Annexes[END_REF]. Therefore, RNG measurement techniques and adequate metrological assurance are important during the normal operation of nuclear facilities and in case of accidents.

In the last twenty years it was found that some bisphenol-A based polycarbonate materials like Makrofol ® DE, Makrolon® 1 or equivalents, have a high absorption ability to noble gases like Rn [START_REF] Möre | 222 Rn absorption in plastic holders for alpha track detectors: a source of error[END_REF], Kr, and Xe [START_REF] Pressyanov | Measurement of 85 Kr and 133 Xe in air by absorption in Makrofol[END_REF]. This led to the development of techniques for measurement of the concentrations of 85 Kr and 133 Xe in air or water, which utilize the high absorption ability of the polycarbonates (see, for example [START_REF] Pressyanov | Measurement of 85 Kr and 133 Xe in air by absorption in Makrofol[END_REF][START_REF] Mitev | Liquid scintillation counting of polycarbonates: a sensitive technique for measurement of activity concentration of some radioactive noble gases[END_REF]. More recently, another polycarbonate material named Makrofol ® N was found to have even higher 222 Rn absorption ability compared to the 222 Rn absorption ability of other plastic materials [START_REF] Tommasino | Radon-film-badges by solid radiators to complement track detector-based radon monitors[END_REF]. However, the Kr and Xe absorption properties of Makrofol ® N are currently unknown. Another advantage of this material over other plastic materials is its solubility in toluenebased liquid scintillation (LS) cocktails, which makes it very appropriate for liquid scintillation counting (LSC). LSC is a powerful tool for accurate determination of the 222 Rn activity absorbed in foils for the aims of characterization of the absorption properties of the foils [START_REF] Mitev | Determination of 222 Rn absorption properties of polycarbonate foils by liquid scintillation counting. Application to 222 Rn measurements[END_REF] or for 222 Rn measurement applications [START_REF] Mitev | Liquid scintillation counting of polycarbonates: a sensitive technique for measurement of activity concentration of some radioactive noble gases[END_REF]. The above qualities of Makrofol ® N highlight the importance of the precise characterization of its absorption ability to Kr and Xe and of studies on its application to RNG measurements and/or metrological assurance.

The objective of this work is to study experimentally the Kr and Xe absorption properties of Makrofol ® N and Makrofol ® DE polycarbonate foils. Experimental set-ups for exposure of Makrofol ® foils to 85 Kr and 131m Xe in air or water were developed and appropriate techniques for measurement of the absorbed RNG activity in the foils were identified. The diffusion lengths and the partition coefficients from air or water in Makrofol ® N and DE foils were determined in dedicated experiments.

RNG absorption in polycarbonate foils. Determination of L D and K.

The RNG absorption in thin polycarbonate foils is described by the one-dimensional diffusion equation, taking into account the radioactive decay [START_REF] Pressyanov | Sorption and desorption of radioactive noble gases in polycarbonates[END_REF]:

(1) where c is the RNG atom concentration in the foil, λ is the RNG decay constant and D is the RNG diffusion coefficient in the polycarbonate material. If a thin polycarbonate foil is exposed to constant RNG concentration in air or water for sorption time t s and afterwards left to desorb in RNG-free air for desorption time t d , the RNG activity in the foil is given by the solution of Eq. ( 1) (for details see [START_REF] Pressyanov | Sorption and desorption of radioactive noble gases in polycarbonates[END_REF]:

(2) where A V is the outside RNG activity concentration, V and L are the volume and the thickness of the foil and . The partition coefficient K is defined as the ratio of RNG activity concentration at the surface of the foil (A V,PC ) to the outside RNG activity concentration [START_REF] Pressyanov | Sorption and desorption of radioactive noble gases in polycarbonates[END_REF]:

(3)

The diffusion length L D , which represents the average distance that the RNG atoms travel in the foil before they decay, is defined as:

(4)

The partition coefficient K and the diffusion length L D are the two physical parameters, which determine the RNG absorption properties of the foils.

For laboratory studies it is often convenient to conduct exposures in air or water at RNG activity which is introduced at the beginning of the exposure and afterwards decreases with the RNG's halflife. If a thin polycarbonate foil is exposed in this mode for time t s and the ambient RNG activity concentration at the beginning of the exposure is A V , and if after the exposure the foil is left to desorb in RNG-free air for desorption time t d , the activity in the foil is given by [START_REF] Pressyanov | Sorption and desorption of radioactive noble gases in polycarbonates[END_REF]:

(5)

For given sorption and desorption times, Eqs. ( 2), ( 5) allow an estimate of the RNG activity in the foil, provided that the partition coefficient K and the diffusion length L D are known. On the other hand, these equations also allow an experimental determination of K and L D , as described in detail in (Pressyanov et al., 2011a). The basics of this methodology for determination of L D and K is to expose the polycarbonate foils to known RNG concentration and to measure the decrease of the activity in the foils during the desorption process. Thus, a set of experimental points A i (t s ,t d,i ) is generated, where i=1,.., n with n being the number of activity measurements during the desorption. The experimental points A i (t s , t d,i ) are then fitted with the theoretical dependence (Eq. (2) or Eq. ( 5), depending on the exposure mode) and the values of the only free parameters L D and K are determined by the fit. More details about this type of determination of L D and K can be found in Pressyanov et al. (2011a).

Recently, it was shown by [START_REF] Mitev | Determination of 222 Rn absorption properties of polycarbonate foils by liquid scintillation counting. Application to 222 Rn measurements[END_REF] [START_REF] Mitev | Determination of 222 Rn absorption properties of polycarbonate foils by liquid scintillation counting. Application to 222 Rn measurements[END_REF] . A similar approach is adopted in this workthe RNG activity in the Makrofol ® N foils was measured by LSC after placing the foil in toluene-based LS cocktail.

Experimental

Experimental procedure for determination of L D and K for 85 Kr from water

The 85 Kr-in-water concentration was prepared by passing 85 Kr gas through distilled water. The water was then transferred to a hermetic vessel which contained four identical Makrofol ® × N foils with dimensions 3 cm × 15 cm and thickness 42 µm and four identical Makrofol ® DE foils with dimensions 3 cm × 15 cm and thickness 50.5 µm. The vessel was then closed for time t s =41.2 h. The exposure to 85 Kr in water was longer than that in air (see below) in order to avoid any stress of the water around the foil (shortly after the putting of the polycarbonate the water right around it will be depleted in 85 Kr activity). By choosing a very long exposure time we ensure that the system will equilibrate during the exposure. Immediately after the exposure, a water sample was taken and mixed with Ultima Gold liquid scintillation cocktail. The volume of scintillator was adjusted to minimize the free volume above the scintillator, which could bias the activity measurement results. This sample was measured on the RCTD1 LNHB counter and the activity concentration of 85 Kr in the water was determined by using the TDCR model [START_REF] Broda | Radionuclide metrology using liquid scintillation counting[END_REF]. Detection efficiency was calculated with the TDCR07c code [START_REF] Cassette | TDCR07c code[END_REF], by considering three individual triple to double coincidence ratios in order to take into account the photomultiplier tubes asymmetry. The 85 Kr spectrum considered was calculated with the Betashape code [START_REF] Mougeot | Reliability of usual assumptions in the calculation of β and ν spectra[END_REF], considering a linear combination of a weak allowed beta transition (maximum energy of 173.1 (19) keV, 0.438 (10) % probability), and a dominant 1 st forbidden unique transition (maximum beta energy 687.1 (19) keV, 99.562 (10) % probability) [START_REF] Chisté | Decay data evaluation of 85 Kr[END_REF]. The experimental TDCR value was about 0.85, leading to a detection efficiency of about 0.88. As this detection efficiency was high, it was not necessary to vary the detection efficiency to determine the optimal kB value, and the uncertainty was calculated using the 0.007-0.013 cm/MeV range, leading to a relative standard uncertainty contribution of 0.17%. Other classical uncertainty components of TDCR measurements were also considered [START_REF] Kossert | Uncertainty determination for activity measurements by means of the TDCR method and CIEMAT/NIST efficiency tracing technique[END_REF], but the dominant contribution, 0.8%, was from counting statistics. An activity per unit mass of A m = 53.10(41) Bq/g, k = 1 was obtained. The Makrofol ® N and DE foils were taken out from the water, dried and left to desorb in 85 Kr-free air. At different moments during the desorption a foil was put in a LSC vial completely filled with a toluene-based LS cocktail and the 85 Kr activity in the vial was then measured by TDCR counting as previously described. With this high-efficiency toluene-based scintillator containing no surfactant, the calculated detection efficiency is reaching 95%, and the influence of the kB value on the calculated detection efficiency is negligibly small. The choice of the sampling times t d,i was made aiming to achieve an uniform coverage of the interval of activities in the foils during the desorption. Thus, a set of four points A i (t s , t d,i ) was obtained, which were then fitted with the function from Eq. ( 5).

The values of L D and K were determined from the fit. The temperature during the sorption and desorption processes was in the range 22 ± 1 °C.

Experimental procedure for determination of K for 85 Kr from air

Two identical Makrofol ® N foils with dimensions 4 cm × 30 cm and thickness 42 µm were exposed to reference 85 Kr concentration for time t s = 17 h. From our experience we have empirical estimate of the time needed to reach equilibrium steady state in the foil. For 85 Kr in our foils our estimate for this time is of the order of 5 h. The exposure times need to be higher than this time and was determined from two practical criteria: to be able to set up the experiment and start the exposure and to be able afterwards to perform the desorption experiment calmly. The reference 85 Kr concentration (A V = 169.6(15) Bq/cm 3 , k = 1) was prepared using the gas dosage system of Laboratoire National Henri Becquerel (LNHB) and a 85 Kr source with activity traceable to the LNHB's primary 85 Kr standard. The temperature during the exposure was in the interval 22 ± 1 °C. Immediately after the end of the exposure, each Makrofol ® N foil was placed in a high performance 20 ml LS glass vial fully filled with toluene-based LS cocktail. The absorbed 85 Kr activity in the foils was then measured by TDCR counting as previously described. The partition coefficient of 85 Kr from air in the Makrofol ® N foils was then determined from the measurement and exposure data by means of Eq. (3).

Experimental procedure for determination of L D and K for 131m Xe from air

The 131m Xe-in-air exposure was carried out using 131m Xe extracted from medical 131 I source. An ampoule with 131m Xe is prepared from 131 I source and the activity of 131m Xe in the ampoule was measured by gamma-spectrometry. The ampoule was placed in a hermetic vessel with known volume which contained eight identical Makrofol ® N foils with dimensions 3 cm × 7.5 cm and thickness 42 µm and eight identical Makrofol ® DE foils with dimensions 3 cm × 7.5 cm and thickness 50.5 µm.

The vessel was then closed and the ampoule was broken inside it. The 131m Xe activity concentration in the vessel was A V = 190.2(57) MBq/m 3 . The exposure duration was t s = 92.9 h. Immediately after the end of the exposure the Makrofol ® N and DE foils were taken out from the vessel and left to desorb in 131m Xe -free air. At different times during the desorption a foil was put in a LSC vial fully filled with toluene-based LS cocktail and the 131m Xe activity in the vial was measured by LS counting using a Wallac 1414 LS counter. Thus, a set of points A i (t s , t d,i ) was obtained, which was then fitted with the function from Eq. ( 5) The values of L D and K were determined from the fit. The temperature during the sorption and desorption processes was in the range 22±1 °C.

Results

In order to illustrate the procedure for L D and K determination, the follow-up of the activity decrease during the desorption of Makrofol ® N foils exposed to 131m Xe in air is presented in Fig. 1. The results from the same experiment with Makrofol ® DE foils are shown in Fig. 2. The error bars in the figures represent the overall estimated uncertainties of the activities in the foils (k = 1). The factors which contribute to the uncertainties of the estimated activities are: calibration of the LS counter for measurement of 131m Xe, counting statistics and background correction. The calibration of the Wallac 1414 LS counter is performed with 131m Xe sources dissolved in toluene-based scintillator and standardized by TDCR measurements. The dominant uncertainty component is from the calibration of the instrument (5% relative standard uncertainty), which is mainly due to the repeatability of the measurements of the standard sources, standardized by TDCR. The maximal relative standard uncertainty of the net LS counting rate is 0.51%. The experimental data in Fig. 1, Fig. 2 is fitted by the analytical model described by Eq. ( 5). Fits with and without weights were performed, which gave same L D and K values within the estimated uncertainties of the fitted parameters. The weighted fit data is used for L D and K determination. The follow-up of the activity decrease during the desorption of Makrofol ® N and DE foils exposed to 85 Kr in water are presented in Fig. 3 and Fig. 4, respectively. Two fits of the experimental data are performedone with all four data points and one with the first three data points. The last points corresponding to t d = 0.76 h (Fig. 3) and t d = 0.77 h (Fig. 4) are considered as outlying observations due to imperfect background correction and the weighted fits of the first three data points are used for L D and K determination. The differences between the fits with 3 and 4 points are taken into account in the uncertainties of the fitted parameters. The estimated diffusion lengths of 85 Kr and 131m Xe in Makrofol ® N and Makrofol ® DE foils are shown in Table 1. The uncertainty budget for the determination of L D of 85 Kr and 131m Xe are shown in Table 2. The estimated 85 Kr partition coefficients from air and water in the Makrofol ® N foils and the partition coefficient from water in Makrofol ® DE foils are shown in Table 3. The factors which contribute to the uncertainty of K of 85 Kr from water are: the uncertainty of 85 Kr-in-water activity concentration measurement, the uncertainty of the measured 85 Kr activity in the foils, uncertainties due to weighing and density of the foils and fitting uncertainty. The uncertainty budget (Table 4) shows that the major contribution to the uncertainty of K in this case comes from the fitting, which is due to the differences between the 3 and 4 points fits. In the case of K of 85 Kr from air the factors which contribute to the uncertainty of K are: the uncertainty of the 85 Kr in air concentration, the uncertainty of the measured 85 Kr activity absorbed in the foil and the uncertainty of the mass and density of the foils. The uncertainty budget is shown in Table 4. Table 5 shows the estimated partition coefficient of 131m Xe from air in Makrofol ® N and DE foils. The factors which contribute to the uncertainty of K of 131m Xe from air are the same as those for the 85 Kr-in-water experiment. The uncertainty budget for the determination of K of 131m Xe from air is shown in Table 6. 

Type of foil

Type of foil Partition coefficient of 131m

where λ( 133 Xe) and λ( 131m Xe) are the decay constants of 133 Xe and 131m Xe, respectively. From Eq. ( 6) it follows that the value L D ( 133 Xe) = 99.9(30) μm published in [START_REF] Pressyanov | Sorption and desorption of radioactive noble gases in polycarbonates[END_REF] Pressyanov et al., 2011b[START_REF] Pressyanov | Sorption and desorption of radioactive noble gases in polycarbonates[END_REF].

Discussion

In an attempt to summarize the data for RNG absorption in polycarbonates, Table 8 shows K, L D and D values for 85 Kr, 131m Xe and 222 Rn of Makrofol ® N and DE. The diffusion coefficients are calculated in order to get an idea of the diffusion transport only, excluding the influence of radioactive decay. A few observations are immediate from Table 8:

• The partition coefficient K from air is (much) higher for Makrofol ® N compared to Makrofol ® DE for all the three isotopes; • The diffusion coefficient of 131m Xe and 222 Rn in Makrofol ® N is smaller than that in Makrofol ® DE; • The partition coefficient K from air shows a strong increase with the increase of the atomic mass of the diffusing RNG isotope for both Makrofol ® N and DE materials; • The diffusion coefficient D shows a strong decrease with the increase of the atomic mass of the diffusing RNG isotope for both Makrofol ® N and DE materials; The transport of small gas molecules in glassy polymers has been studied very actively in the last three decades due to its importance for the development of gas separation membrane materials [START_REF] Baker | Gas separation membrane materials: a perspective[END_REF]. These materials find applications for gas separation, food packing and protective coatings [START_REF] Thran | Correlation between fractional free volume and diffusivity of gas molecules in glassy[END_REF]. The gas uptake of the membrane is typically described by the solution-diffusion mechanism, which consists of the dissolution of the penetrant in the polymer matrix followed by diffusion in the polymer matrix (see, for example, [START_REF] Baker | Gas separation membrane materials: a perspective[END_REF][START_REF] Laot | Effects of cooling rate and physical aging on the gas transport properties in polycarbonate[END_REF] and the references therein). The same approach is used in this work with the dissolution being characterised by the partition coefficient K (a measure of the solubility of the gas into the polymer) and the diffusion being characterised with the diffusion length LD or the diffusion coefficient D. A quantitative description of the solubility of gas in a glassy polymer was proposed by Vieth and co-workers, known as the dual sorption theory (see [START_REF] Vieth | Dual sorption theory[END_REF] and the references therein). In this theory the solubility is characterised by two concurrent mechanisms: ordinary dissolution (described by the Henry's law) and trapping of the gas atoms in microvoids or holes in the polymer (described by the Langmuir adsorption model). The Langmuir part of the dual absorption model accounts explicitly for the presence of immobilizing sinks (excess free volume voids) in the glassy polymers in which the gas atoms or molecules are trapped. From the dual sorption theory it follows that the solubility of a gas in the polymer (and thus the partition coefficient K) depends on the free volume in the polymer.

Hereafter we will use the definition of [START_REF] Laot | Effects of cooling rate and physical aging on the gas transport properties in polycarbonate[END_REF] of free volume, namely: "the free volume can be visualized as a dynamic angstrom-sized voids, cavities, or holes, with a distribution of sizes and shapes, dispersed inside the polymeric matrix". The free volume approach, developed by [START_REF] Cohen | Molecular transport in liquids and gases[END_REF], shows that the diffusion coefficient can be related to the free volume in the polymer by a simple exponential relation. This approach is largely used ever since, including studies of gas transport in bisphenol-A polycarbonates (e. g. Hu et al., 2003, Putta and[START_REF] Putta | Molecularly-based evaluation of free volume in amorphous polymers[END_REF]. [START_REF] Thran | Correlation between fractional free volume and diffusivity of gas molecules in glassy[END_REF] analysed diffusion data of He, H 2 , O 2 , N 2 , CO 2 , CH 4 in 71 polymers and support the applicability of the free volume model (with certain modifications), but note explicitly that the diffusion mechanism of He differs markedly from that of larger molecules. An important modification of the free volume approach is due to the work of [START_REF] Park | Correlation and prediction of gas permeability in glassy polymer membrane materials via a modified free volume based group contribution method[END_REF] in which they introduced the notion of a different free volume in a given polymer for different gases. They analysed permeability data of He, H 2 , CO 2 , O 2 , N 2 and CH 4 in 105 polymers and pointed out that "the size or structure of the gas molecule may influence the amount of space this molecule access inside the polymer" [START_REF] Park | Correlation and prediction of gas permeability in glassy polymer membrane materials via a modified free volume based group contribution method[END_REF]. On the other hand, [START_REF] Laot | Effects of cooling rate and physical aging on the gas transport properties in polycarbonate[END_REF] have concluded that "the diffusion coefficient of small molecules in glassy polycarbonate is influenced more by the local chain dynamics rather than by the overall free volume content". Thus far it is clear that both K and D depend on the free volume in the polymer and/or on other characteristic, like chain mobility, packaging, and inter-chain reactions.

In the context of the free volume theory, the results obtained in this work show that the amount and size distribution of the free volume in Makrofol ® N is favourable for RNG absorption compared to that of Makrofol ® DE polycarbonate. The results of 85 Kr, 131m Xe and 222 Rn diffusion coefficients in Table 8 support the assumption of [START_REF] Park | Correlation and prediction of gas permeability in glassy polymer membrane materials via a modified free volume based group contribution method[END_REF] that the effective fractional free volume in a given polymer is not the same for different gases. Moreover, our results in Table 8 clearly show that this assumption is significant not only for the diffusion coefficient D, but also for the partition coefficient K. Thus, in terms of the free volume theory, our hypothesis is that both L D and K depend on the free volume in the polycarbonate and the free volume is different for RNGs with different atomic radii. More in detail, our hypothesis is that the trapping of RNG atoms in volume traps available in the polycarbonate is of paramount importance for their absorption and transport in the material. This hypothesis implies enhanced Langmuir-type adsorption and suggests how it is possible to have K>1.

In addition, this hypothesis explains why the diffusion coefficients of RNGs determined in this work (Table 8) are much smaller than the diffusion coefficients of other gases in polycarbonate. Notice that if we compare, for example, the Makrofol ® DE diffusion coefficients of 85 Kr (D = 17.2 *10 -10 cm 2 /s), 131m

Xe (D = 1.412 *10 -10 cm 2 /s) and 222 Rn (D = 0.569 *10 -10 cm 2 /s) determined here with the polycarbonate diffusion coefficients published by 2, [START_REF] Thran | Correlation between fractional free volume and diffusivity of gas molecules in glassy[END_REF] for He (D = 67300 *10 -10 cm 2 /s), H 2 (D = 6400 *10 -10 cm 2 /s), O 2 (D = 411 *10 -10 cm 2 /s), N 2 (D = 159 *10 -10 cm 2 /s), CO 2 (D = 219 *10 -10 cm 2 /s) and CH 4 (D = 53 *10 -10 cm 2 /s) we observe between one or two orders of magnitude smaller diffusion coefficients for 131m Xe and 222 Rn. Evidently, there is something that impedes the RNG diffusion in the polycarbonate matrix and we suspect trapping of RNG atoms in volume traps.

Unfortunately, the complex nature of the gas transport in glassy polymers makes it difficult to predict how their characteristics affect the RNG absorption properties. Obviously, different polymer compositions lead to different chemical structure of the polymer and thus different gas absorption properties. But, the gas absorption properties of a given polymer also depend on the way of its production. As summarized by [START_REF] Minelli | Predictive model for gas and vapor sorption and swelling in glassy polymers: effect of sample previous history[END_REF], the gas absorption properties of a glassy polymer may change considerably depending on the cooling rate from its molten or rubbery state and can be strongly affected by the subsequent filming procedure with significant differences being observed for specimens prepared by melt extrusion and solvent casting. In addition, different solvents may produce polymer films with different properties, depending mainly on the solvent volatility [START_REF] Minelli | Predictive model for gas and vapor sorption and swelling in glassy polymers: effect of sample previous history[END_REF]. The analysis of solubility of various penetrants in glassy polymers performed by [START_REF] Minelli | Predictive model for gas and vapor sorption and swelling in glassy polymers: effect of sample previous history[END_REF] by means of non-equilibrium thermodynamics for glassy polymers approach, shows that various previous histories of the polymer glass like annealing, conditioning or pre-swelling often lead to significant differences in the resulting penetrant solubility in the polycarbonate. The experimental studies of [START_REF] Laot | Effects of cooling rate and physical aging on the gas transport properties in polycarbonate[END_REF] show that the cooling rate and the physical aging affect the gas transport properties in polycarbonates. Therefore, given the complexity of the problem and the large number of influencing parameters, it is currently not possible to identify what causes the higher RNG absorption ability of Makrofol ® N compared to Makrofol ® DE.

Conclusions

In this work we have studied the 85 Kr and 131m Xe absorption properties of Makrofol ® N and Makrofol ® DE polycarbonate foils. The diffusion lengths of 85 Kr and 131m Xe in Makrofol ® N and Makrofol ® DE foils are determined. The partition coefficients of 85 Kr from air and water and that of 131m Xe from air in Makrofol ® N are determined. The partition coefficients of 85 Kr from water and of 131m Xe from air in Makrofol ® DE are also determined.

To the best of our knowledge, this is the first study of the absorption abilities the of Makrofol ® N foil of Kr and Xe. The results of the study point out the remarkable absorption ability of this foil to noble gases and show that it outperforms the Makrofol ® DE foil not only as an absorber of Rn, but also of Kr and Xe. The L D and K values determined in this work are in support of future studies on the development of Kr and Xe sampling and measurement techniques based on absorption in polycarbonates.

Fig. 1 .

 1 Fig. 1. 131m Xe activity in Makrofol ® N foils vs. the desorption time. The solid line represents the fit of the experimental data according to the theoretical model (Eq. (5)).

Fig. 2 .

 2 Fig. 2. 131m Xe activity in Makrofol ® DE foils vs. the desorption time. The solid line represents the fit of the experimental data according to the theoretical model (Eq. (5)).

Fig. 3 .

 3 Fig.3.85 Kr activity in Makrofol ® N foils vs. the desorption time. The solid line represents the fit of the experimental data according to the theoretical model (Eq. (5)).

Fig. 4 .

 4 Fig. 4. 85 Kr activity in Makrofol ® DE foils vs. the desorption time. The solid line represents the fit of the experimental data according to the theoretical model (Eq. (5)).

Table 1 .

 1 Diffusion lengths of 85 Kr and 131m Xe in Makrofol ® N and DE foils. The uncertainties are the overall estimated standard uncertainties with k=1.

L

D of 131m Xe Relative standard uncertainty (%) L D of 85 Kr Relative standard uncertainty (%) Uncertainty component

  

		Makrofol ® N	Makrofol ® DE	Makrofol ® N	Makrofol ® DE
	Thickness of the foils	2.2	2.2	2.2	2.2
	Curve fitting	1.0	1.3	9.7	9.7
	Combined				
	relative standard	2.4	2.6	9.9	10
	uncertainty				

Table 2 .

 2 Uncertainty budget for L D determination.

Partition coefficient of 85 Kr from air, K Partition coefficient of 85 Kr from water, K

  

	Makrofol ® N	1.322(65)	26.8(27)
	Makrofol ® DE	-	12.2(13)

1 The values are for 22 °C.

Table 3 .

 3 Partition coefficients of 85 Kr from air and water in Makrofol ® N and DE foils. The uncertainties are the overall estimated standard uncertainties with k=1.

	K

of 85 Kr from air Relative standard uncertainty (%) K of 85 Kr from water Relative standard uncertainty (%) Uncertainty component Makrofol ® N Makrofol ® N Makrofol ® DE

  

	Ambient 85 Kr activity concentration (air or	0.9	0.8	0.8
	water)			
	85 Kr activity in the specimen	0.5	1.0	1.0
	Weighing	0.4	0.5	0.5
	Density of the foils	4.8	4.2	4.3
	Curve fitting	-	9.0	9.0
	Combined standard uncertainty relative	4.9	10	10

Table 4 .

 4 Uncertainty budget for the determination of K of 85 Kr.

Xe from air, K

  

	Makrofol ® N	17.2(13)
	Makrofol ® DE	5.93(45)
	1 The values are for 22 °C.	

Table 5 .

 5 Partition coefficients of 131m Xe from air in Makrofol ® N and DE foils. The uncertainties are the overall estimated standard uncertainties with k = 1.

		K of 131m Xe	
		Relative standard uncertainty (%)
	Uncertainty component	Makrofol ® N	Makrofol ® DE
	131m Xe-in-air activity concentration	3.0	3.0
	131m Xe-in-foil activity	5.0	5.0
	Weighing	1.0	1.0
	Density of the foils	4.2	4.3
	Curve fitting	2.0	2.0
	Combined relative standard uncertainty	7.5	7.6

Table 6 .

 6 Uncertainty budget for the determination of K of 131m Xe. Table 7 represents a comparison between the Makrofol ® DE results obtained in this work and previous K and L D estimates published byPressyanov et al., 2011a[START_REF] Pressyanov | Sorption and desorption of radioactive noble gases in polycarbonates[END_REF][START_REF] Pressyanov | Sorption and desorption of radioactive noble gases in polycarbonates[END_REF] reported results for L D of 85 Kr and 133 Xe in Makrofol ® DE foils, obtained in experiments at T = 25 °C. Since the diffusion length depends on the decay constant of the isotope (see Eq. (4)), if we assume one diffusion coefficient for all isotopes of Xe, it is possible to calculate L D for 131m Xe in Makrofol ® DE using the value of L D for 133 Xe:

This work, the values are for 22 °C. Pressyanov et al., 2011b, Pressyanov et al., 2009, the values are for 25 °C.

  corresponds to L D ( 131m Xe) = 150.8(46) μm. The comparison in Table7shows that the two sets of experiments give consistent results within the estimated uncertainties. Value recalculated for 131m Xe from 133 Xe data. See the text associated with the table.b Value from experiments with 133 Xe (seePressyanov et al., 2011b).

	Variable		
	L D of 85 Kr in Makrofol ® DE foil	9180(920) µm	10500(500) µm
	L D of 131m Xe in Makrofol ® DE foil	145.1(37) µm	150.8(46) µm a
	K for 131m Xe from air in Makrofol ® DE foil	5.93(45)	4.3(1.2) b
	a		

Table 7 .

 7 Comparison of L D and K estimates for Makrofol ® DE obtained in this work and previous estimates published in

Table 8 .

 8 K, L D and D of 85 Kr, 131m Xe and 222 Rn in Makrofol ® N and DE polycarbonates. Unless otherwise specified, the values are for 22 °C.

	Isotope	Van der Waals radius of the element a Å	Partition coefficient K from air Makrofol ® Makrofol ® N DE	Diffusion length L D , µm Makrofol ® Makrofol ® N DE	Diffusion coefficient D, *10 -10 cm 2 /s Makrofol ® Makrofol ® N DE
	85 Kr	2.07	1.322(65)	0.81(5) c	9140(910)	9180(920)	17.1(34)	17.2(35)
	131m Xe	2.28	17.2(13)	5.93(45)	132.4(32)	145.1(37)	1.176(57)	1.412(72)
	222 Rn b	2.40	112(12)	26.2(25)	38.9(13)	52.1(10)	0.318(21)	0.569(21)

a From

[START_REF] Vogt | van der Waals Radii of Noble Gases[END_REF]

.

b The 222 Rn data is for 20 °C, from

[START_REF] Mitev | Determination of 222 Rn absorption properties of polycarbonate foils by liquid scintillation counting. Application to 222 Rn measurements[END_REF]

. c The data is for 25 °C, from

Pressyanov et al. (2011b)

.
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