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Elastic scattering of electrons by CF 3 radical has been studied theoretically in a wide energy range of 1-1000 eV in the framework of independent-atom model (IAM). The optical potential method is used for calculating the electron scattering amplitudes of the different atoms of the target molecule. The differential and integral cross sections are calculated for equilibrium internuclear distances of the ground state of the CF 3 radical in two approaches -IAM and additivity rule (IAM-AR) approximations. The calculated cross sections are compared with the experimental data for e + CF 3 and e + CF 3 H scattering and with other theoretical results. It is justified that the IAM performs slightly better for the differential cross sections, while the simpler IAM-AR approximation describes the integral cross sections better.

Introduction

Studying the characteristics of electron scattering by the CF 4 (fluoromethane) molecule and its fluorocarbon radicals is of high importance in plasma (gas-discharge, low-temperature and industrial plasmas), gaseous laser and semiconductor processing technologies, as well as in atmospheric sciences and ecology. The cross sections for electron scattering by fluoromethanes are very important for modelling the low-temperature plasma processes and characteristics. Such plasma processes are widely used in industry. The high number of experimental and theoretical works in the investigation of electron scattering by the fluorocarbon radicals implies a significant demand for such data. These chemical species are fragmented in the plasma into various neutral and ionized radicals [1] (see also [2,3] and references therein).

The properties of the CF n X 4-n compounds with hydrogen (X=H) or halogen atoms (X=Cl, Br, I), where 04 n , are also actively studied because of their usage. For example, CF 3 H is an important gas for etching SiO 2 , while chlorofluorocarbon molecules are used in different technological applications. Studying the peculiarities of electron scattering by CF n and CF n X 4-n molecules, we obtained important theoretical data about the cross sections of the corresponding processes. The information about the structural properties and scattering characteristics of these molecules could be very useful in order to use them for structurally similar molecules, where the carbon atom is substituted by an atom of Si (silicon) or Ge (germanium) (see review [1]).

The potential scattering of electrons by the molecules is mainly determined by the positions of the atomic core charges and by the electron density distribution of the molecule. Such a scattering process can be described by the corresponding interaction potentials. The experimental cross sections for elastic electron scattering by the CF 3 radical have notably large values up to 20 eV impact energies [2,3], which distinguishes it from other fluorocarbon radicals. For theoretical estimations in [2,3] the independent-atom model was used with screened additivity rule corrections (IAM-SCAR), both with and without a groundstate dipole correction. The results of Schwinger multichannel (SMC) calculations were also presented in [2,3] in the static-exchange (SE) approximation [4] along with R-matrix theoretical results [5].

It should be also noted the semi-empirical energy-dependent geometric additivity rule (EGAR) approximation, which is similar to the IAM-SCAR theory. The EGAR approximation is demonstrated in [6,7] with integral cross sections calculations of electron scattering by different molecules. This model takes into consideration the shielding effects due to the geometrical structure of the molecule with collision-energy-dependent corrections. It seems, at the same time that this approach works better with complex polyatomic target molecules at intermediate and high collision energies.

In references [2] and [3], the experimental differential cross sections (DCSs) for electron scattering by the CF 3 radical are significantly higher than the theoretical results in the energy range of 7 -20 eV. At 7 eV the deviation is about a factor of 10. The difference between experiment and theory decreases with increasing energy of the incident electron. The measured integral cross sections (ICSs) are also considerably higher than theoretical values for energies up to 25 eV. The largest difference between the experimental and calculated ICSs was observed at 7 eV, where the measured values were about 7 times higher than the theoretical ones.

The experimental work with carbon or fluorine atoms is rather difficult due to their high reactivity. Nevertheless the different compounds, which contain these atoms, are chemically passive, so measuring the characteristics of electron scattering by them is feasible. The detailed theoretical study of electron scattering for these atoms, provided in [8,9], allows us to estimate or calculate the scattering characteristics of those molecules, which contain C and F atoms.

We have theoretically investigated the elastic electron scattering by the CF 3 radical in its ground state in the framework of independent-atom model (IAM) and additivity rule (IAM-AR) approximations, using the scattering amplitudes of carbon and fluorine atoms, calculated by the optical potential (OP) method. The obtained cross sections for e + CF 3 scattering are compared with the corresponding experimental results, and also with the data for the CF 3 H molecule. In the latter case, we suppose, the additional hydrogen atom with a single s-shell electron does not significantly change the spatial and electronic structure of the CF 3 radical, unlike the Cl, Br or I halogens. This assumption is also confirmed by experiments [10][11][12] and SMC theoretical results [13] for the CF 3 H molecule. Therefore, in our opinion, the experimental data of e + CF 3 H scattering can serve as additional arguments in the explanation of the peculiarities of e + CF 3 scattering.

Methods

Scattering characteristics

In order to study the behaviour of elastic differential and integral elastic, momentum transfer and viscosity cross sections of electron scattering by the molecules in the IAM framework [START_REF] Mott | The theory of atomic collisions[END_REF][START_REF] Raj | [END_REF][16], we have used the OP A c c e p t e d M a n u s c r i p t method [START_REF] Sh | Elastic Electron Scattering On Molecule In Optical Potential Approach Contrib[END_REF][START_REF] Sh Sh | [END_REF] for the description of potential scattering of electrons by the corresponding atoms. In case of electron scattering by a N-atomic molecule the following scattering amplitudes are used in the IAM framework [19] (atomic units are used throughout this work, unless otherwise noted):
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is the momentum transfer vector, r with respect to the origin of reference frame [START_REF] Mott | The theory of atomic collisions[END_REF].

The differential cross section for elastic electron scattering in the IAM framework is obtained by averaging over the vibrational and rotational degrees of freedom of the molecule (see [START_REF] Mott | The theory of atomic collisions[END_REF][START_REF] Raj | [END_REF]19]):
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The DCS defined by ( 2) may be expressed with the atomic amplitudes

IAM 2 2 el * * 2 2 d ( , ) ( , ) d sin( ) ( , ) ( , ) ( , ) ( , ) exp( / 2) mm m nm m n m n mn m n m nm f k g k sr f k f k g k g k s sr                         , (3) 
where nm r is the internuclear distance between n-th and m-th atoms of the molecule, and the mn is the amplitude of the corresponding vibrations, while ( , ) 2 sin( / 2)
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. The first sum of (3) is the direct term, which corresponds to the sum of squares of the absolute values of the atomic scattering amplitudes as in the IAM-AR approximation. The IAM-AR cross section could be also determined by the sum of atomic DCSs:
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where A c c e p t e d M a n u s c r i p t
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while the indirect term is
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The momentum transfer 
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where the spin-flip amplitude does not affect the cross section (see below), because ( 0, ) 0 n gk   . The optical theorem (7) in case of e + CF 3 elastic scattering gives the following formula for the integral cross
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The total intensity of the electron beam, which is scattered by an N-atomic molecule, could be measured experimentally. It is proportional to

IAM el d /d
 , while in case of forward scattering ( 0   ) it is proportional to N 2 . At the same time, according to the optical theorem, the ICS is determined by scattering on N number of atoms of the molecule. Therefore, the more accurate calculation of ICSs should be according to equations ( 5) and ( 7) -IAM-AR approximation, while for the DCS calculationaccording to (2)-( 3) -IAM approximation. We have compared the obtained results in both approximations. Note, that the IAM-AR approximation was also used for DCS and ICS calculations in works [2,3]. The IAM approach is valid under the conditions [START_REF] Mott | The theory of atomic collisions[END_REF]: is the minimal distance between the atomic centres, while (а) max is the maximal interaction radius between the incident particle and the different atoms. For example, at 14 eV electron energy and min 0 ( )
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, where a 0 is the Bohr radius, the weaker inequality min ( ) 1 nm kr  is already satisfied.

Using a sufficiently good, strictly quantum-mechanical description of electron scattering by the potential field of the molecule's atoms, allows us to describe the scattering by the whole molecule in general, in the IAM framework. We expect that such a description of the molecular electron scattering could be accurate even at intermediate energies, when the simple inequality min ( ) 1 nm kr  is satisfied. It should be noted, for example, that IAM-SCAR method [START_REF] Blanco | [END_REF]23] was originally proposed in order to use the IAM for medium or even for low collision energies (less than 10 eV).

A c c e p t e d M a n u s c r i p t

The electron-atom scattering amplitudes can be derived from the real partial phase shifts ( ) ( ) EE    (for real interaction OP) [24] or from the complex ones ( )
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 (for complex OP, with the account of absorption effects) [20,24]. Having the phase shifts
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, one may find the direct scattering amplitude
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while the spin-flip scattering amplitude is
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where (cos( )) P  are the Legendre polynomials and 1 (cos( )) P  are the 1st order associated Legendre functions.

Optical potential

In order to find the phase shifts of the electron scattering by the atoms, we have used complex OP with imaginary part A ( , )

V r E (RSEPA approximation) [20] (see also SEPA approximation in [24])
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The A ( , )

V r E potential contains the absorption effects of the scattering. The real part of the OP does not contain any empirical or fitted parameters (RSEP approximation):
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The "  " sign in the spin-orbit interaction potential is related to the total angular momentum of the incident electrons: 1 / 2 j  . It should be noted that the scalar-relativistic potential R ()

V r,E is not included in the real part of the OP (11) in the SEPA approximation. The OP components -

S V , E V , P V , R
V and SO V are the static, exchange, polarization, scalar-relativistic and spin-orbital interaction potentials, respectively. These components are determined by the total and spin electron densities of the molecule's atoms in general. The electron densities could be calculated by different theoretical approaches: Thomas-Fermi, Hartree-Fock, density functional theory, etc. The well-known analytical expressions could be also used for these quantities with the corresponding parameters, which is very convenient for the calculations (see, for example, [25]). We use such electron densities for the atoms, which are calculated in the Hartree-Fock approximation using the corresponding approximated parameters [25]. It should be noted that the OP's potential components could be also determined with molecular electron densities, similarly as it was carried out in the most recent approaches (see [26][27][28][29][30] and references therein).

The static potential is determined by the Coulomb-type interaction with the atomic cores (with charge Z) and atomic electrons (with () r  electron density) of the target [20,24]:
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The spin-orbit interaction potential SO ( , )

V r E  , which is connected with the static potential S () Vr, is used in the following form [START_REF] Cowan | The Theory of Atomic Structure and Spectra[END_REF]:
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Here
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,  is the fine-structure constant. The scalar part of the relativistic potential R ( , )

V r E (also connected with S () Vr) is described by the following expression (see [START_REF] Sin | [END_REF]):
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The exchange interaction potential is described by the local, spin-unpolarised inhomogeneous electron gas approximation (see [START_REF] Sh | Elastic Electron Scattering On Molecule In Optical Potential Approach Contrib[END_REF]20,24]):
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, where I is the ionization energy of the target atom. In this approximation the exchange potential could be non-relativistic N E ( , )

V r E or relativistic R E ( , )

V r E for heavier atoms [20].

The polarization potential is also used in the local, spin-unpolarised inhomogeneous electron gas approximation (see [START_REF] Sh | Elastic Electron Scattering On Molecule In Optical Potential Approach Contrib[END_REF]20]). The parameter-free expression for correlation-polarization interaction of the electrons is used for the short-range (SR) polarization potential, i.e. in the inner region of the atom, where P term with 2p 4 3s configuration, which could be obtained by excitation from its 2p 5 40 3/2 P ground-state (the ionization energy in this case is 17.423 eV) [START_REF] Radzig | Reference Data on Atoms, Molecules, and Ions[END_REF].

The modified version 2 of the non-empirical Staszewska-type potential [START_REF] Staszewska | [END_REF] is used for the A ( , )

V r E absorption potential. All versions of this absorption potential have the following general form in the quasifree electron scattering model:
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A c c e p t e d M a n u s c r i p t

The modification of this potential lies in the following two aspects. First, the polarization potential V P is taken into account in the expression for the incident electron's local velocity, so

  12 loc SEP 2 EV     ,
where SEP S E P V V V V    . The second, the V P potential is also included in the expressions for ( , ) rE and   (compare it with expression (21a) of [34]).

We have used the following energy-absorption model for the CF 3 radical. As the collision energy increases, starting from C  , the absorption takes place due to the carbon atom. As the collision energy further increases, starting from CF   , one of the fluorine atoms is connected in the absorption scheme additionally. Above It should be noted also, that the absorption effects are taken into consideration more strictly in spherical [28,29] and single-center [30] approximations, where they could be obtained by studying the excitation of electronic, vibrational and rotational spectra of the whole molecule, in general.

Scattering phase shifts calculation.

The partial phase shifts for the incident electron's initial angular momenta values min  could be obtained by the variable-phase method by solving the coupled first-order nonlinear differential equations for real or complex phase functions (see [20,24] and references therein) with the corresponding OP (10) or (11). For example, in case of complex OP (10), the absolute phase shift values ( )
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The asymptotic values of the phase shifts for max min  could be obtained by the following expression [START_REF] Burke | Potential Scattering in Atomic Physics[END_REF]:
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where d (0)  is the dipole static polarizability of the corresponding atom. We have used the 11.260 a 0 3 value for carbon and 3.76 a 0 3 for the fluorine atom [START_REF] Schwerdtfeger | Table of experimental and calculated static dipole polarizabilities for the electronic ground states of the neutral elements[END_REF].

2.4.Structural calculations of the CF 3 radical.

All structural characteristics of the ground state of the CF 3 radical are calculated using the theoretical methods of the GAUSSIAN computer code [START_REF] Frisch | [END_REF]. In order to obtain the initial electron density matrix, selfconsistent iterative calculations are performed by the unrestricted Hartree-Fock method. Further calculations are provided in order to adequately describe the correlation interaction of electrons, using the coupled cluster method with single and double excitation and triple corrections (CCSD(T) method). The augmented, correlation-consistent, polarized valence double-zeta Gaussian (aug-cc-pvdz) basis set is used for all calculations.

A c c e p t e d M a n u s c r i p t

The equilibrium structural parameters for the ground state of the CF 3 radical are obtained by geometry optimization, using the quadratic approximation algorithm at the CCSD(T) level of theory. The calculated equilibrium interatomic distances are as follows (in a 0 ): 12 13 . Here the carbon atom is labelled by number 1, while the fluorine atomsby numbers 2, 3 and 4. In order to obtain information about the excited electronic states of the CF 3 radical, further ab initio calculations were carried out. The lowest excited states of the radical were also calculated by the GAUSSIAN package, using the configuration interaction method with single and double excitations (CISD). According to these calculations, the electronically excited energy levels of the CF 3 radical are sufficiently high, the lowest of them is located at 7.86 eV.

Results and discussion

Integral cross sections for e + CF 3 scattering

The calculated integral elastic and momentum transfer cross sections of e + CF 3 scattering are shown in figures 1-2. Table 1 also shows, along with the above mentioned, the viscosity cross sections from 1 up to 1000 eV collision energies. The mn amplitudes of vibrations from (3) are not taken into consideration, i.e. we suppose 0 mn  in the mentioned equation. A detailed description of the calculation technique of mean vibrational amplitude values can be found in [37]. The ICSs are also compared with the available experimental results for e + CF 3 [2,3] and e + CF 3 H [1,10,11] scattering processes. It should be noted that the ICSs in [2,3] were measured with quite large errors -80% at 50 eV and 60% at all other collision energies, while the errors in [10,11] are considerably smaller, less than 30% (see figure 1). The integral elastic cross sections of electron scattering by the carbon and fluorine atoms are shown in figure 3, along with the results of B-spline R-matrix (BSR) theory [8,9]. Experiment: e + CF 3 H - [10] (black filled circles), [11] (black open circles). As we have mentioned already, more correct values of the ICSs could be obtained using the AR approximation, when they are equal to the sum of the ICSs of atomic scattering. Likewise figure 3 shows, the scattering by the carbon atom plays the main role in these integral cross sections. The obtained ICSs in the IAM-AR approximation are coincide with the experiments [2,3] at 25, 30 and 35 eV collision energies, while at 40 and 50 eV they are slightly lower but still close to the measured ones. Our ICSs at energies from 1 to 10 eV go below the IAM-SCAR (with a ground-state dipole correction) theoretical results (see [2,3]), while in the 40-50 eV energy region our values are higher. In general, the effect of this ground-state dipole correction quickly decreases (by an order of magnitude), when the scattering angle increases, so it has considerable effect to the ICSs at a relatively narrow forward scattering angle interval: 0 20  at 7 eV and 03  at 40 eV energy (see [2,3]). While the collision energy decreases from 1 to 0.1 eV the cross sections from the R-matrix calculations with a Born correction [5] increase. In the 2-10 eV energy range the cross sections of [5] are lower than our and the IAM-SCAR cross sections Our IAM calculations give overestimated results for the ICSs, due to the interference effect of the electron waves in the scattering process by the atoms of the molecule. The experimental ICSs for the е + CF 3 H scattering at energies below 20 eV, as one can see in figure 1, are not similar to the е + CF 3 cross sections, i.e. does not take such high values. As the static dipole polarizabilities of the CF 3 radical (values from 5.81 to 19.52 3 0 a are provided in [START_REF]NIST Computational Chemistry Comparison and Benchmark Database[END_REF]) and CF 3 H molecule (23.754 3 0 a [START_REF]NIST Computational Chemistry Comparison and Benchmark Database[END_REF]; 17.552 3 0 a [13] and 23.889 3 0 a (experiment [13])) are quite large, then the asymptotic behaviour of their polarization interaction potential should be very similar. In our opinion, the different behaviour of the ICSs of electron scattering by these molecules at low energies could be related mainly with their intrinsic electron density distribution. It should be noted, that the spherical complex optical potential (SCOP) method was used to calculate the е + CF 3 H scattering cross sections in [38].

A c c e p t e d M a n u s c r i p t

A c c e p t e d M a n u s c r i p t

The electron density distribution isosurfaces for the CF 3 radical and CF 3 H molecule are compared in figure 4(a)-(b), respectively. In order to analyse and compare the electron densities of the mentioned molecules, further ab initio calculations were performed by the GAMESS(US) quantum chemistry package [START_REF] Schmidt | [END_REF]. New geometry optimization was carried out for both molecules on the DFT/B3LYP level of A c c e p t e d M a n u s c r i p t theory, using the aug-cc-pvdz basis set as well. The isosurfaces are constructed then by the wxMacMolPlt graphical visualizer program [41]. The electron density distribution for both molecules was plotted in the surface with 0.2 value. In other words, the surfaces in figure 4 visualize such molecular space, where the normalized electron density for the given molecules equals to 0.2. As one can see in the calculated isosurfaces, the single hydrogen atom of the CF 3 H molecule comparably weakly distorts the general electron picture of this molecule. Therefore, even such a distortion can play an important role at lowenergy collisions (below 20 eV), when the incident electron has enough time to interact with the "loose" electron cloud, which characterizes the molecular field between the carbon and hydrogen atoms. A faster incident particle could go across this region, not interacting with its electrons. It also should be noted that the bond order for the C-H bond in the CF 3 H molecule, calculated by a CCSD(T) population analysis, is higher (0.966) than it is for the C-F bonds (0.780) of the same molecule. This indicates that the electrons between the C and H atoms are more localized and bound. The calculated value of the C-F bond order in the CF 3 radical is 0.873, which proves that the presence of a single hydrogen atom leads to a slight perturbation of whole electron cloud of the molecule. The energy dependencies of the experimental integral elastic cross sections for e + CF 3 H scattering [10,11] (figure 1) as well as the momentum transfer ICSs [10,11] (figure 2) are very similar to our calculated ICSs for e + CF 3 scattering in the IAM-AR approximation, in the whole energy range. The theoretical cross sections, obtained by the IAM-SCAR calculations, are shown in [2] both with and without a ground-state dipole correction. Taking into account of this correction slightly increases the ICSs, when the collision energy decreases from 10 eV to 1 eV. The closest results to the experiments were achieved by the IAM-SCAR calculations at 25-35 eV energies in [2], where the ground-state dipole correction is not important.

The results of R-matrix calculations [5] are also provided in [2], both with and without a Born correction. The effect of this correction also increases, as the collision energy decreases from 10 eV to 0.1 eV. The ICSs, obtained by the R-matrix calculations rapidly increase at energies below 1 eV, which states about the necessity of description of electron scattering by the molecule as a whole. It also should be noted, that the R-matrix results with a Born correction are lower than the IAM-SCAR values at 7 and 10 eV, where this correction is not important (see figure 1).

A c c e p t e d M a n u s c r i p t

We suppose the integral cross sections' behaviour and amplitudes should be very different depending on the electron scatters by excited or ground-state molecules. In the first step, the target molecule could be vibrationally excited from 0.1 eV up to a couple of eV energy. Beginning from the energies of the molecule's first excited electronic states, which is usually on the level some eV, electronic excitation processes can take place as well. Some examples of electron scattering by excited atoms and molecules are given in [START_REF] Christophorou | Fundamental electron interactions with the plasma processing gases[END_REF]. Therefore, for the completeness of the theoretical description of the scattering process, it is necessary to take into consideration the scattering on the vibrationally excited CF 3 radical as well. On the other hand, while dealing with scattering by the CF 3 radical in its ground-state, the imaginary part of the optical potential, which is responsible for the inelastic processes of scattering (different types of excitation, ionization), should be considered from very low (around zero eV) incident electron energies.

Differential cross sections for e + CF 3 scattering

The calculated DCSs for e + CF 3 elastic scattering by the RSEP and the RSEPA theory of the IAM and the IAM-AR approximations are shown in figure 5 at 7,10,[START_REF] Raj | [END_REF]20,25,30,[START_REF] Schwerdtfeger | Table of experimental and calculated static dipole polarizabilities for the electronic ground states of the neutral elements[END_REF][START_REF] Schmidt | [END_REF]45,50, 75 and 100 eV collision energies. We have compared their angular behaviour with the experimental data for e + CF 3 [2,3] and e + CF 3 H [10,11,13] scattering (see also [1,12]). It should be noted here that the DCSs in [11] were measured nearly in the whole angular range -5 180  . While the DCSs in [2,3] are characterized with especially large errors (from 35% up to 100%, depending on the scattering angles and collision energies), at the same time they are considerably smaller for all angles and energies in [11][12][13] -15-30%, 15-20% and 8-15%, respectively.

The more correct results of the DCSs, unlike the ICSs, could be obtained by the IAM approximation, taking into account the interference of scattering waves by the atoms. The IAM-AR approximation gives the sum of the atomic scattering DCSs, so it could lead to underestimated DCS values. Comparing these two approaches we could draw the corresponding conclusions about the role of interference effects in the electron scattering process by the atoms of the molecule, as well as about the contribution of individual atomic scattering cross sections.

The quantitative contribution, arising from the interference effects is appreciable at scattering angles up to 90 in general. For example, such contribution at 7 eV collision energy is considerable in a wide angular rangefrom 0 to 90 . This angular range is restricted to about [0 , 25 ] at 100 eV. Taking into account the interference effects of the IAM approximation at sufficiently high, 75 and 100 eV energies, one can be obtained an oscillating structure in the DCSs. Our calculated DCSs in the IAM and IAM-AR approximations are very similar in their forms at all investigated energies in general.

The absorption effects do not distort the angular behaviour of DCSs, but somewhat decreases their amplitudes, except at small energies (up to 30 eV), where the RSEPA DCSs are slightly higher the RSEP DCSs. In accordance with our preliminary expectations, our calculated DCSs by the IAM approximation are somewhat higher in amplitudes and they are closer to the experimental data of [2,3]. They can reproduce the angular behaviour of the experimental DCSs from 20 eV and above. Therefore it could be stated, that our DCSs are close to the experimental ones even from these energies and above. At the same time it should be noted that the angular dependencies of the experimental DCSs are smooth at all collision energies in general, however this DCS suddenly decreases at 10 eV in the 40 60  angular range. It should be noted that namely the RSEPA DCSs in the IAM approximation are closer to the experiment, even at a comparably large 50 eV energy, as we can see in figure 5(j). Obviously, taking into consideration the absorption effects brings these DCS values closer to the experiment. This cross sections also highly overestimate the DCSs of IAM-AR approximation at low scattering angles, below 30 . Comparing the experimental DCSs for the e + CF 3 H scattering with the e + CF 3 data shows a similarity between their angular behaviour in general, except at 10 eV (see figure 5(a-d,f)).The DCSs for these processes and our differential cross sections in the IAM approximation are adequately coincides above 30 eV energy.

As one can see in [2,3], the calculated DCSs on the basis of a molecular description of scattering -Rmatrix [5], SMC [4] and SMC static-exchange (SMC-SE, see [3]) theoriesare qualitatively more similar to the experimental angular behaviour at low -7, 10, 15 and 20 eVenergies. These results state about the necessity of taking into account the molecular characteristics, as a whole, for such kind of calculations. Nevertheless, the values of the mentioned theoretical DCSs are considerably smaller as compared with the experimental ones. The IAM-SCAR DCSs of [2,3] are also similar to our results, obtained by the IAM-AR approximation.

Conclusions

The independent-atom model framework along with the parameter-free real and complex optical potential methods (for electron-atom interactions) are used for the description of potential scattering of electrons by the CF 3 radical in its ground state. There is a good agreement between our calculated integral cross sections above 25 eV and differential cross sections above 20 eV as compared with experimental data. A convincing description of scattering characteristicsintegral and differential cross sectionswas obtained by calculations according to the optical theorem. In our opinion the differential cross sections' angular behaviour is described rather well in the independent-atom model from average angles at low energies. At higher energies the description is rather good from lower angles as well, while taking into consideration the interference effects of the scattering waves from the atoms of molecule. In the independent-atom model the peculiarities of all cross sections of electron-molecule scattering are unambiguously depend on the peculiarities of the corresponding electron-atom scattering cross sections.

Taking into account the absorption effects leads to a slight decreasing of integral cross section values, but it rather poorly affects the angular behaviour and the amplitudes of the differential cross sections.

A c c e p t e d M a n u s c r i p t

Comparing the calculated cross sections of low-energy electron scattering by the CF 3 radical with the available experimental data for CF 3 radical and CF 3 H molecule calls for calculations with purely molecular characteristicselectron densities and with the corresponding interaction potentialsare highly necessary for the correct description of the mentioned electron-molecule scattering processes. This could lead to a more successful application of different theoretical methods at low collision energies. Presumably, just such a description of electron scattering can lead to an overall qualitative and quantitative explanation of the electron scattering process by the CF 3 radical, where along with the structural characteristics of the target molecule the dynamic response of its electrons to the incident electron's field is concerned. It is also worth taking into account the absorption effects from very low energies during the calculations, especially the vibrationally excited states of the molecules.

Our theoretical results for e + CF 3 scattering cross sections along with other calculations with different methods describe the CF 3 radical only in its ground state. The highest deviation between all theoretical cross sections and the experimentally measured data was observed at low collision energies, below 15 eV, which is in our opinion apparently related with the electron scattering by the vibrationally excited radical.

kg

  are the initial and final momenta of the incident electron; m r is the radius vector of the m-th atomic core of the molecule (with respect to the centre of mass of the molecule);  -scattering angle; E -the incident electron's energy, are the direct and spin-flip electron scattering amplitudes for the m-th atom of the molecule. correspond to the phase shifts of waves, due to the change of the position of the scattering centres m

  for fast incident electrons, while the second one is the single scattering criterion.
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 33 , long-range (LR) distances the polarization potential has the following simple form: Vr potentials cross each other at a certain c r point. The absorption effects give their contribution in the scattering characteristics at a is energy of the first inelastic threshold of the atom. In case of carbon and fluorine atoms such effects could be taken into consideration beginning from C ], respectively. It is equal to the energy of the o 0 term with 2p3s electron configuration for the carbon atom, which is obtained by dipole-excitation from its 2p 2 ground-state (the ionization energy of the carbon is 11.260 eV)[START_REF] Radzig | Reference Data on Atoms, Molecules, and Ions[END_REF]. In case of the fluorine atom, this is the energy of the 4 5/2

  are used to determine the average cross section of binary collisions ( , ) b rE  . Therefore, with the mentioned modification of 2 ( , ) Vaf m r E absorption potential, these functions have the following forms:

  the three fluorine atoms absorbs energy, while all of the atoms can absorb energy from CF 3   and above. Accounting the absorption effects leads to a certain decreasing of the values of differential cross sections of elastic scattering, as well as of integral elastic, momentum transfer and viscosity cross sections.

Figure 1 .

 1 Figure 1. Energy dependence of the integral elastic cross sections of e + CF 3 scattering. Theory: e + CF 3 -RSEPA IAM-AR-approximation, present results (1, black solid), RSEPA IAM-approximation, present results (2, black short dashed), IAM-SCAR calculations with a ground-state dipole correction [2,3] (3, olive dash-dot), R-matrix calculations with a Born correction [5] (4, blue dash-dot-dot); e + CF 3 H -RSEP IAM-AR-approximation, present results (5, blue solid), SCOP [38] (6, violet short-dot). Experiment: e + CF 3 -[2,3] (red filled squares); e + CF 3 H -[10] (black filled circles), [11] (black open circles).

Figure 2 .

 2 Figure 2. Energy dependence of the integral momentum transfer cross sections of e + CF 3 scattering. Theory: e + CF 3 -RSEPA IAM-AR -approximation, present results (1, black solid), RSEPA IAM-approximation, present results (2, black short dashed), RSEP IAM-approximation, present results (3, blue short dash-dotted); e + F -RSEP, present results (4, blue solid), BSR [9] (5, blue short dashed); e + C -RSEP, present results (6, red solid).Experiment: e + CF 3 H -[10] (black filled circles),[11] (black open circles).

Figure 3 .

 3 Figure 3. Energy dependence of the integral elastic cross sections of e + C and e + F scattering. Theory: e + F -RSEP, present results (1, blue solid), BSR [9] (3, blue short dashed); e + C -RSEP, present results (2, red solid), BSR [8] (4, red short dashed).

Table 1 .

 1 Integral elastic IAM-scattering by the CF 3 radical (in units of 10 -20 m 2 ). The cross sections we obtained in the RSEPA (10) IAM-AR -approximation(7), where the Vaf2 (17) absorption potential is used.

Figure 4 .

 4 Figure 4. The electron density distribution isosurfaces for CF 3 (a) radical and CF 3 H (b) molecule.

Figure 5 .

 5 Figure 5. Angular dependences of differential cross sections for e + CF 3 scattering at 7 (a), 10 (b), 15 (c), 20 (d), 25 (e), 30 (f), 35 (g), 40 (h), 45 (i), 50 (j), 75 (k), 100 (l) eV energies. Theory: RSEPA, present results -IAM-approximation (thick black solid), IAM-AR -approximation (thick black short dashed); RSEP, present results -IAM-approximation (thin blue solid), IAM-AR -approximation (thin blue short dashed). Experiment: e + CF 3 [2,3] (red filled circles); e + CF 3 H [13] (blue open squares) -(a) 6.5 eV, (b) 9 eV; (blue filled squares) -(a) 7 eV, (b) 8 eV, (c) 15 eV, (d) 20 eV, (f) 30 eV; (blue open triangles) -(b) 10 eV; e + CF 3 H [10] (black triangle) -(j) 50 eV, (k) 75 eV, (l) 100 eV; e + CF 3 H [11] (black open circles) -(a) 5 eV, (b) 10 eV, (d) 20 eV, (f) 30 eV, (j) 50eV.
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