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Total cross sections for electron scattering on chloromethanes:
Formulation of the additivity rule
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Total cross sections for electron scattering on;CH CH,Cl,, and CHC} have been measured by an
absolute method in th&75-4000-eV energy range. The overall experimental error is below 5%. A formula-
tion of the additivity rule is proposed. The molecular cross sections are approximated by a Born-like two-
parameter formula. We show that the low-energy parameter is correlated to the molecular polarizability. We
show also that the high-energy parameter for a given molecule can be expressed as the sum of the high-energy
parameters of the constituent atoms. The model has been successfully verified for two groups of halomethanes:
the CH,, CH;CI, CH,Cl,, CHCL;, and CC} series and the GF CF;Cl, CF,Cl,, CFCL, and CC} series.
The model has been successfully extended to molecules containing Si and S atoms, sp@h%ig HSiH,,
and Sif. [S1050-294®9)10102-1

PACS numbg(s): 34.80.Bm, 34.80.Gs

[. INTRODUCTION swarm [19-27 techniques. Absolute ionization cross sec-
tions on CHX compoundgwith X=H, F, Cl, Br, and ) up
Chlorine substituted methanes play an important role irto 200 eV have been recently measured by Vallaeical.
atmospheric chemistryl]; their time in the Earth’s tropo- [23] and the effects of the molecular orientation on ioniza-
sphere is several tens of years. Free Cl radicals formed byon steric ratios in CHCI and CHCk were measured by
ultraviolet-induced dissociation act as catalysts in the chaifiitken et al. [24]. The present total-cross-section measure-
of reactions leading to the destruction of the stratospherignents on CHCI, CH,Cl,, and CHC} complete our previ-
ozone[2]. In particular, chloromethane (GBI), used in ©0us TCS data for CH[25] and the Cf, CRCl, CR.Cl,,
refrigerators and organic chemistry, is the most abundant hd&=FCk. and CCJ series|26].
locarbon present in the atmosphere. {CHis also the most
frequently studied halocarbon in electron-scattering experi- Il. EXPERIMENT

ments. _ Only minor adjustments and calibration checks were per-
The early measurement of total cross sectioiSSs for  formed on the apparatus after our measurements for the
electron scattering on G§&l, CH,Cl,, CHCl,, and_ CC} CF,, CRCl, CF,Cl,, CFCk, and CC} series26]. Briefly,
were performed by Holst and Holtsmal®] at energies be- g transmission method with a transverse magnetic fiald
tween 1 and 25 eV. The Maryland gro{#5], using a tro-  Ramsauer configuratiprwas used. The scattering chamber
choidal spectrometer, covered the range up to 12 eV for allvas divided in two parts to improve the angular resolution;
the gases of the CH CH;Cl, CH,Cl,, CHCL, and CCf the first part, containing the target gas, was 140.2 mm long.
series. The total cross section for g8 was also studied by The beam attenuation was measured for a number of pres-
Krzysztofowicz and Szmytkowskb] at (0.5—200-eV colli-  sures in the scattering chambers at a given energy. The target
sion energies in a linear-transmission experiment. Thegas pressure was maintained within the 1:®a range, de-
CF,, CRCI, CRCl,, CFCEL, and CC} series and Cijl  pending on the cross section being measured, in order to
were studied in a time-of-flight experiment up to 50 eV by prevent the effects of multiple scattering. Both the collector
Joned7,8]. currentl. and the currentg of scattered electrons reaching
Elastic and vibrational-excitation differential cross sec-the gas chamber walls were monitored; this allows one to
tions at 0.5-9.5 eV on CI€l were studied by Shetal. reduce systematic errors caused by electron emission insta-
[9,10] and electron transmission spectra at 5-10 eV weréilities. The total cross section is evaluated from the for-
studied by Spendel1]. Intermolecular interference effects in mula
elastic scattering of 1 keV electrons on oriented methyl ha-
lides were studied by Meiegt al. [12] and Boweringet al. i 1 exqd — ol (N~ N1, (1)
[13]. leitlsi lgjtls; !
Absolute photoabsorption and photoionization of {OH
were measured by a forward electron-scattering method iwhere indices andj refer to two gas pressure valugsand
the (6—-350-eV and (11-80-eV ranges, respectivelyl4].  p; with p=NKkT. (I stands for the gas cell lengtf,for the
Electron attachment to chloromethanes was studied in nugas temperature, ardfor Boltzmann’s constant.
merous experiments by both electron-befsl5—-18 and The target gas pressure was measured by a Baratron ca-
pacitance meter and the two currehisand | by a single
electrometer; the Baratron head traced the gas cell tempera-
*Electronic address: zecca@science.unitn.it ture within 0.1 °C in order to avoid the thermal transpiration
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TABLE I. Experimental total cross sections for electron scatter-error is due to the forward elastic and inelastic scattering. In
ing on chloromethanes in units of 1 m?. Statistical percentage the high-energy limit, where the Born approximation applies,
errors (one standard deviation of the mean valage given in  the elastic differential cross sectigBCS) at zero angle re-
parentheses. mains constant, while the integral cross section drops like
E~1. This causes the angular resolution error in the elastic

Energy(eV) CH,Cl CH,Cl CHCl, channel to rise linearly with the collision energy.
75 21.7(5.9) 28.9(0.5) 35.2(1.3 _ The average angular acceptance of the present apparatus
80 20.7(1.6) 275(1.3 34.2(2.7) is 0.34 msr. We are not aware of measured or calculated
20 19.3(1.6) 26.1(1.3 33.0(2.7) DCSs in the zero-angle limit for chlorometh_anes. Bromberg
[27] has performed measurements for £kl in the range
100 18.3(1.49) 25.1(1.7 31.9(1.9 . . . L2
110 171 300-500 eV, showing that the elastic DCSs in the limit of
(1.5 24.0(1.9 30.8(0.7) . - .
small momentum transfer coincide at all collision energies.
125 16.3(1.3 22.1(3.0 28.8(0.7) . - e .
This indicates that the regime of Born validity is achieved
150 14.4(2.2) 20.0(1.2) 26.6(1.0 : ,
175 13.3(2.4 185(11 24.1(18 for CH,F, at a few hundred eV. Comparing Bromberg’'s
200 12'3 1'4 '3(0') 22' (0') zero-angle DCS with the expected total cross section in
30149 17.3(0.5 7(0.7) CH,F, (see Sec. Iy, we can estimate that the elastic scat-
225 11.7(0.9 16.8(0.6) 20.9(0.3 tering at 1000 eV contributes an angular resolution error less
250 11.0(0.4) 15.7(1.3 19.9(0.5 than 1% of the TCS.
275 10.3(1.0 14.7(0.6) 18.9(0.5 In the inelastic channel, a limited\E/E=1/16) energy
300 9.76(0.7) 14.3(1.9) 18.3(0.9 screening of the present apparatus eliminates the error for
350 8.80(0.3 12.6(0.6) 16.6(0.9) energies below, say, a few hundred eV. At higher energies
400 7.92(1.2) 11.6(1.9 15.5(1.9 the error in the inelastic channel can be bigger than in the
450 7.28(1.0 10.6(1.1) 14.0(1.9 elastic one because electrons involved in dipole-allowed
500 6.72(1.4) 9.90(1.1 13.3(0.9 electronic excitation and ionization collisions are forward
600 6.00(0.6) 8.81(0.9 11.5(2.7) peaked. Unfortunately, the lack of calculated or measured
_ =ly
700 5.19(1.9 7.82(1.2 10.2(2.5 DCSs for the investigated molecules impedes any quantita-
800 4.62(1.2 7.36(2.2 9.49 (0.4 tive evaluation. On the other hand, further reducing the an-
900 4.22(0. 6.51(3.3 8.69 (0. gular acceptance of our apparatus would lead to a lower elec-
(0.7) (33 0.7 }
1000 3.87(0.7) 6.24(2.5 7.91(1.2) tron current at the collector and a higher measurement
1100 3.67(1.9 5.70(1.9) 7.33(1.4) uncertainty. Therefore, with the present choice of apertures
1250 3.28(0.5) 5.15(3.2) 6.86(0.9 [.26], the upper energy limit of measurements has been estab-
1500 2.73(0.8) 4.34(1.0 5.87 (1.0 lished at 4000 eV, i.e., where the angular resolution effror
1750 2.42(0.9 3.80(1.5 5.14 (1.0 the elastllc.chann)alls e\{aluated as e_lpproxmately equal to
2000 2.19(0.4) 3.40(0.9) 4.75(1.6 the remaining systema_ltlc_and statistical errors. N
2250 1.872.3 3.10(1.1) 4.36(1.3) _CHZCIz and CHC}, liquids (Carlo Erba, Itgly stablllze_d
with amylene were of 99.5% and 99% purity, respectively.
2500 1.71(3.7) 2.83(1.2 3.84(2.6) CH.CI f 99 50 it lied by P |
2750 1.60(1.7) 2.64(3.6) 3.47(2.9 iufn) gas of 99.5% purity was supplied by Praxésel-
3000 1.48(2.3 2.49(4.0 3.14(3.9 9 '
3250 1.38(3.1 2.37(4.2 2.91(2.8 .. MEASUREMENT RES
3480 12834  219(4.6  2.89(2.9 : ULTS
4000 1.16(3.7) 1.82(0.5 --

Our measured data for GBI, CH,Cl,, and CHC} are
presented in Fig. 1 and Table I. We can compare our TCS
uncertainty. The main contributions to the systematic errowith the measurements of Krzysztofowicz and Szmytkowski
come from the Baratron calibration. The overall systematid6] for CH;Cl. The agreement in the overlapping energy
error, evaluated as a quadratic sum of single contributions, isange 75-200 eV is rather poor, with 15% discrepancy on
within 2.8%. This configuration does not include the angularaverage. To exclude any possible error due to target contami-
resolution error, which depends on the particular target.  nations a check measurement was performed at overlapping

Several(at least fouy runs were performed at each energy energies using the gas bottle from @dR[6]. The results of
for five to seven pressure values. The statistical spread afur check were in perfect agreement with those obtained
data(one standard deviation of the mean valisewithin 3%.  with the previous bottle. Therefore, we are not able to deter-
Fewer runs were performed 62000—4000-eV energies in  mine the origin of this discrepancy. We note, however, that
CH,Cl and CHCI,. At these energies, chlorine-containing for other gases such as 5], CF,, and CC} [26,28 the
ions and radicals formed in electron collisions cause sputteragreement between the two laboratories was always within a
ing and react chemically with the oxide-coated cathodefew percent. Our previous measurements performed on the
Therefore, a frequent cathode substitution was requiredsame apparatus, say, for GClagree also with other TCS
Consequently, the statistical uncertainty of the high-energyletermination$8,29.
data for these two gases is higher; see Table I. In Fig. 1 our present data for GEI, CH,Cl,, and

All absolute TCS measurements performed by the trans€HCI;, together with our previous CH?25] and CC}, [26]
mission method are affected by an angular resolution erroresults, are compared to the theory of Jiangl.[30]. These
related to the finite angular acceptance of the collector. Thauthors applied a complex-optical-potential method in the
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(“additivity rule” ) dates to Brahe[33]. It is now supported
by the independent-atom model, applied successfully to elas-
tic scattering on targets such as [34] and CF, [35] above,
say, 400 eV. Recently it has become generally accepted that
the additivity rule can provide a simple method for calculat-
ing molecular cross sections. Research is being done to give
the correct formulation of the additivity rule and to establish
the limits of validity[30,36. In particular, it is believed that
the rule can be applied above a certain energy only. How-
ever, the low-energy limit of validity remains to be estab-
lished.

In the most recent applications of the additivity rule for
the total cross section a different approach has been proposed
[37]. The optical potential used at low energies was modified

oExperiment

10.0

Total cross section (10—20m?2)
5

o
o

50 100 ' 1000 ' by int_:luding a m(_)!ecular polaringility instead of the sum of
atomic polarizability values. This allowed the extension of
Electron energy (eV) the validity of the additivity rule to lower energies; however,

the calculated values at 50 eV still remain higher by 25—

30% than the experiments for such targets as,CO

NO,, NH; [37]. As already quoted, Jiangt al. [30] have

used an additivity rule in its simplest form for energies from

10 eV to 1 keV. A modified additivity rulgwith atomic

weighted factorshas also been recently applied to molecular

calculation of atomic total cross sections for H, C, F, Si, S,ionization cross sectioi88]. In our previous studi€l89,40

and Cl. They used Hartree-Fock atomic functions and atomia two-parameter fit has been applied to approximate TCSs in

polarizabilities to derive the elastic cross sections. A semithe (100—4000-eV energy range:

empirical absorption potential was used for the calculation of

the inelastic cross sections. TCSs for different molec(ifes o,

cluding CH,, CCl,, CCLF, CCIR;, CCLF,, SiH,, and o(B)= 175 Enb’ 2

SFK;) were obtained by the simple arithmetic sum of these z

atomic contrlbutl_ons. . . . whereo, andb are two adjustable values for each target. In
A set of atomic cross sections given by Jiegtgal. [30] his range, Eq.(2) reproduces molecular TCSs within the

has been used by us to evaluate TCS va_lues for the Whot?xperimental error bars. Equatigd) has been applied to

CH,, CHiCI, CH,CI,, CHCl;, and CC]j series. The values any targets, for some of them such as, NCO [40], and

reported in Fig. 1 have been calculated using the simple adse 141] down to the energy of a few tens of eV. This simple

ditivity formulation of J|§1nget al. The agreement between fit enables the parametrization of the TCS for different mol-

such a theory and experimental results is generally poor. Th

: . Ecules in a large energy range and one to perform relative
theoretical values for Ciibelow 400 eV are higher than all ., harisons, reducing substantially the statistical spread of
the available measuremen5,31].

data. The theoretical basis for E) comes from the Born

For other gases presented in Fig. 1 the theory agrees regq . qimation for scattering on a screened Coulomb poten-
sonably well with the present experiment only at 100 eVial (see[39)).

The theory falls below the present data at higher enekgies
more than 20% at 1000 eV for CgIl Also, for CH, the

FIG. 1. Comparison between experimental data for chlo-
romethanegpresent data an@25,26)) and theoretical values of
Jianget al.[30]. For CH, the low-energy data of Kanikt al. [31]
are also showrfull square$; for CCl, the data of Szmytkowski
et al. [28] are shown only below 100 e¥full inverted triangles

A more refined relation has been proposed in some of our

revious paperf26,42. For noble gasep42], an additional
theory shows an energy dependence steeper than the eXp‘%Fm was used in Eq2). In this work we limit our discus-

ment. Any correction of the present data for the angular resozion to Eq.(2) strictly and we refer tar, as to a low-energy

lution error would increase the discrepancy of this theory atgaturation” value of the TCS and tb as a high-energy
high energies. We note also that the discrepancy cannot bpf'arameter

acc':Aounted fqr by tr;ehsae of the experimental errqrr; he i The present semiempirical analysis of the fit parameters
_ A comparison of the present measurements with the 'OanZ andb for molecules consists of two steps. First, we search
ization cross sections confirms our earlier observation fo

o for a correlation between the fit parameterand molecular
CF,, CChLF, and CCJ [26] on a much lower contribution to o0 ties of targets and then we explore a possible additiv-
TCSs from the ionization in halides than in similar hydndes.ity rule for molecular TCSs
According o the data of Vallancet al. [23], the ionization Before discussing an alternative formulation of the addi-
cross section at 100 eV amounts to 31% of the total Crosg,;

> ) ty rule, we will show the results of a search for correla-
;ectlon in CHCI, about 33% In QHQI, and as muqh as 39% tions between ther, parameter and macroscopic molecular
in CH, (the last number is also in accordance with the mo

; . . Sbroperties of the targets. In the energy range below 200 eV,
recent experiment of Tian and Vidg82]). different semiempirical studidgi3—45 indicated a possible

relation between TCSs, at a chosen energy, and the molecu-
lar polarizability «. Lampe, Franklin, and Fiel@46] indi-

The hypothesis that integral cross sections for moleculesated a linear dependence between the target polarizability
can be obtained by an arithmetic sum of atomic contributionsind the ionization cross sections at 75 eV. Recently, Harland

IV. ADDITIVITY RULE FORMULATION
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200 T T T T tal” polarizability from [52] rather than the purely
electronic-excitation polarizability from other sources. As
seen in Fig. 2, ther, parameter can be approximated well by

150 | the expressiofiin a.u)

~ o,=20(Ja—1). )

o]

o 100t ) _ - o

~ The linear regression coefficient in Fig. 2 amounts to

B :fi,dttomi,c 0.983. Some of the spread of the points in the figure has to be
ohydrides. attributed to the uncertainty in the published polarizability

50 |- yd - . :

ohalides values and to discrepancies between low-energy TCS mea-
*polyatomic surements. Therefore, we believe that Fig. 2 demonstrates
the correlation betweeir, values and the square root of
0 ! ) polarizability for all molecular targets within the considered
0 2 4 6 8 10
range ofa.
Va (a.u.) We will now demonstrate the validity of the additivity

rule for the total-cross-section parameterNote that the

FIG. 2. Correlation between the molecular dipole polarizability 2dditivity assumption on thb parameter corresponds to ad-
and asymptotic “low-energy” cross-section parametefEq. (3)].  ditivity of the high-energy asymptotic slopes of TCSs. Our
The values ofr, are from our previous papers,Mnd CO[40]; H,  choice implies the validity of the additivity rule for energy
and Q [60]; CO,, NO,, SO,, and OCS[61]; CH,, H,0, NH;, regions(the high-energy limjt where the Born approxima-
and SiH, [39]; CF,, CFCl, CF,Cl,, CFCk, and CC} [26]; SiF,  tion is valid.
[62]; SF; [41]; and GHg [63]. (For the HS[39] [Eq. (2)] fit, taking Starting from our previously measured molecular TCS,
account of the low-energy data of Szmytkowski and Madié4] we have used the additivity relation
yields 0,=24.0x 10 2° n?.) The polarizability values are from
[52]. The gases measured herein,H CH,Cl,, and CHC}, are b(X,Y)=nb(X)+mb(Y) (4
not included in this figure.

in the inverse mode, extracting the atorhiparameters. Dif-

and Vallance[47] indicated a similar dependence at theferent sets of moleculeX, Y, can be chosen as a database.
maximum of the ionization cross section for almost 30 mo-For the present work we have obtained thg value for
lecular species. The above attempts are of limited interest aomic hydrogen as 1/2 of thie value for H. Note the
long as they involve a correlation to cross sections at a singlscarcity of experimental high-energy TCS values fgr Hor
energy. It is also known that the polarizability is related tothis reason, we used a weighted average of data from van
atomic and molecular features such as the ionization poten#/ingerdenet al. [57] that extend up to 750 eV, from Hoff-
tial [48], the strength of the van der Waals interactjdd)], manet al.[58] up to 500 eV, and Zecca, Karwasz, and Brusa
or the molecular volumgs0]. [59] up to 2000 eV. Having they value from H, we have

In the present study we check a possible relation betweesubtracted 8, values from théb value for CH, [25], obtain-
the parametes, in Eq.(2) anda. In this way the correlation ing in this way theb value for atomic carbonb(). The value
becomes independent of the choice of the particular energfpr atomic chlorine b)) is obtained from thé value for the
at which the comparison is performed. CCl, molecule[26]. The atomidb values derived in this way

Classical model$see, e.g.[51]) for scattering of charged amount to 0.22, 1.0, and 3.0 %° m? for H, C, and Cl,
particles on a polarization potential suggest a linear proporrespectively. An error of the order of 10% could be attributed
tionality dependence between the total cross sections and the these numbers.
square root of the polarizability. In Fig. 2 we present a plot  After having obtainedr, from the molecular polarizabil-
of the parametes, vs \/a for 20 molecular targets measured ity via Eq. (3) and evaluatedb from the additivity rule(4),
previously in our laboratory. Details of the fitting procedure TCSs for different molecules can be calculated at intermedi-
used to derives, were described in our previous papers ate and high energies with E@). In Fig. 3 we present TCSs
[39,42. predicted with the above procedure for gH, CH,Cl,, and

For the sake of self-consistence all the polarizability val-CHCI; (together with the fitted values for GHnd CC}, that
ues in Fig. 2 were taken frofb2]. In the cases where more served as the database for the atoimgarametex
results were presented, the mean value was adopted. Note The agreement between our measurements and calculated
that the data of52] are somewhat higher than reported by values is within the experimental error bars in the whole
other compilation$53] and the results obtained from photo- (200—4000-eV energy range. Deviations from the measured
absorption-like experiments in the optical and ultraviolevalues can be observed below 200 eV for chloromethanes
range[54,55. In the majority of cases the quoted discrepan-and 50 eV for CH. We have already mentioned that a modi-
cies disappear when the vibrational contribution to the mofied Born-like formula with a low-energy term includ¢2i6]
lecular polarizability (see [56]) is added. This is, for ex- gives a better fit to the experimental data than obtained
ample, the case of GF for which the vibrational through Eq.(2). It is possible that the use of such a modified
contribution amounts to 25% of the overall polarizability. As formula within the additivity rule procedure outlined above
the vibrational excitation plays an important role in could improve the predicted cross sections below 200 eV.
intermediate-energy electron scattering, we adopted the “toThis further step is outside the aim of the present paper. We
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—Present model

—Present model
sExperiment
- - Jiang
——-Jain

oExperiment

100 10.0 1

Total cross section (10—20m2)
Total cross section (10—20m?2)

wort "SFg
3 .

sCH,Cl, °SiHy
1.0 | CHsCI : *SiF 4

|3CH4_
0.5 st : 4 . 1.0 T v T vo—

50 100 1000 50 100 1000
Electron energy (eV) Electron energy (eV)

FIG. 3. Comparison between the present semiempirical model FIG. 5. Comparison between the present semiempirical model,
[Egs.(2) and(3) and the additivity rule4)] and the experimental the theory of Jiangt al.[30], and the experimental dafa6,41] for
data for chloromethanes. The symbols have the same meaning assnlphur and silicon containing molecules. Sitfull circles), experi-

Fig. 1. The total error bar¢one standard deviation of the mean mental data of Szmytkowski, Mejko, and KaspersKi65] below

value plus the systematic erjaare shown; if not visible the error 100 eV; SE (full rhombuse¥ experimental data of Dababnehal.

bars are within the size of the symbols. [66] below 100 eV andopen rhombusgsZeccaet al. [41]. SiF,
[62] (for SiH, the ab initio theory of Jain and Balujg67]) is also

stress also that additivity rule cannot be applied at energiegown(long-dashed ling

where resonant phenomena play a role. ] .

The above procedure and our additivity rule have beergdreement with experimen{s,26,24. The ChCl, calcu-
applied also to the molecules of the chlorofluoromethaneifited values differ from the experiment by a consteb#)
series Cf, CRCl, CRCl,, and CFC}. Experimental Value atall energies above 500 eV. Note that the agreement
[26,28 TCS values for CEmolecule were used as the data- between experimental and optical-model theoretical values
base for fluorine atom. The agreement of the calculated TCE30] for all gases presented in Fig. 4 is much poorer, with
values with our measuremen2g] is again good; see Fig. 4. 25% discrepancy at 1000 eV for CkGnd as much as 50%
Apart from CRCl,, the agreement remains within the ex- at 50 eV for Ch. . .
perimental error bars at all energies above 200 eV. Smaller AS a further check of the present formulation of the addi-
deviations regard only GFat low energies: Our calculated {iVity rule, we have obtained the atorbozalues for Siand S
values for this gas are underestimated by 10% below 400 eMfom SiH, and HS measurements9], respectively. Start-
Adopting for @ a value of 4. 10 %° m® instead of 3.86 iNg from the ator_nld:) values and using relz?\tlo(m}, we have
x1073° m3 [52] would bring the Ck data into perfect Calculated the SiFand Sk total cross sections in tha00—

4000-eV energy range; see Fig. 5. Once more, the present

model reproduces fairly well the experimental values, giving
% —Present model a much better agreement than the theory of Jietng. [30].
Values of the high-energly parameter for all atoms studied
are resumed in Table II.

---Jiang
oExperiment

V. CONCLUSION

10.0 In summary, we have used our formulation of the additiv-

ity rule (4) in the inverse mode to calculate atonhicvalues

Total cross section (10—20m?2)

sCF4Cl TABLE Il. Semiempirical values of atomic cross sections pa-
°CF3CI rameterb (in units of 10 2° m? keV) derived in the present model
272 [Egs.(2)-(4)].
vCFCl
Atom b
2.0 1 " PRy | "
50 100 1000 H 0.22
Electron ener eV € 1.01
ay ( ) F 1.38
FIG. 4. Comparison between the present semiempirical model Si 2.57
[Egs. (2)—-(4)] and the experimental datg?6] for chlorofluo- S 2.94
romethanes. For GRhe data of Szmytkowskeét al. [28] are also Cl 3.20

shown(full rhombuses
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starting from a database of measured molecular cross seeery good agreement with available experiments. This can be
tions. We have used these values, thevalues from polar- held as a proof of the correctness of the present formulation
izability (2), and again the additivity rule in the direct mode of the additivity rule and the entire procedure. Further devel-
to calculate molecular TCSs for as many as eight polyatomiopments of the model should deal with polyatomic mol-

molecules. These calculated cross sections appear to be @cules of differenflinear and bentgeometries.
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