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Abstract

In computer studies on the interaction of charged particle with solids, many authors treat the nuclear
collision by the Thomas-Fermi screened Coulomb potential. For better agreement with experiment,
the screening length is modified sometimes.We investigate the theoretical background for the
correction factor of the screening length in the interatomic potential which can bededuced from two
steps. The first step is to select the correction factor of an isolated atom so as to match the average
radius of the Thomas-Fermi electron distribution with that of the Hartree-Fock electron distribution,
where we use the Clementi and Roetti's table. The second step is to determine the correction factor of
the screening length of the interatomic potential by using a combination rule. The correction factors
obtained for the screening length are in good agreement with those determined by the computer

analysis of the Impact Collision Ion Scattering Spectroscopy (ICISS ) data.
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1. Introduction

The interatomic potential is one of the most important quantities in the theory of interaction of
charged particles with solids. There are a large number of works about this problem. In many
applications involving the use of interaiomic potentials in physics and material science it is not
necessary to know the precise form of the force between the interacting particles. Many authors
proposed empirical atomic interactions which provide mathematically tractable, analytical expression

for the pairwise interaction between two atoms and ions.

In computer simulation of the interaction of charged particle with solids, many authors treat the
nuclear collision by the Thomas-Fermi screened Coulomb potential by adjusting the screening length
to experiment. It is very surprising that there is no clear theoretical background for the correction of
the screening length. Recent development of computer simulation ask a more precise treatment of
nuclear collisions, using a well-established analytical interatomic potential, and the light ion scattering

is asked to be treated reasonably within the same framework.

There are two approaches for an analytical model of the interatomic potential. The first approach is
based on the Thomas-Fermi (TF) statistical model for an isolated atom. The TF screened Coulomb

potential of an isolated atom of the atomic number Z is given as

V@) = £ 9(lar) W
where the a;p, the TF screening length, is given by

ay=04685Z13 (A), )
and the screening function ¢ (x) is the solution of the dimensionless TF equation

L1 d2¢(2X) = o(x)"2
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The earliest extension to an interatomic potential between two atoms of atomic numbers Z, and Z,

was considered by Firsov [1,2]. Firsov applied the first-order perturbation theory, assuming that the




electron distribution will be distored so that the total energy of two atoms i1s a minimum for any
patricular separetion, and finally suggesied that the interatomic potential would be best describe using

reduced distance by a screening length of the form [2]
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Lindhard [3] also suggested using the atomic TF screening function for the interatomic screening

function with a screening length of the form

04685 (A,
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The screening length presented by egs. (4) and (5) do not differ significantly from each other.

A large number of approximate analytical solutions of eq. (3) have been proposed. Perhaps the

earliest and well-known of these is the Sommerifeld asymptotic form [4]:
Ao
0(0som = {1 + (/14417)7}° (6)

where cA = 3. By fitting this equation for large X, Sommerfeld arrived at the value A = 0.772. In later
work March normalized the radial momentum function using the Sommerfeld approximation and
modified the value of A to 0.8034 [5]. A number of workers have proposed analytical solutions
involving exponentials or combinations of powers and exponentials. Moli€re gave an approximation

in the form of three exponentials [7]:

O(X)Mol = 0.35e03% + 0.55¢1-2x + 0.10e6.0x -

The second approach is to find the interatomic potential by calculating numericaily the two-center TF
problem, where the interatomic potential is defined by the difference between the total energy of the

two atom system and the sum of the energies of two isolated atoms. In an attempt to find an analytic



function which accurately predicts the interatomic potential between atoms, Wilson et al. proposed
the so-called "Kr-C" or "Kr-Si" potentials, using the Hartree-Fock (HF) atomic state wave functions
{7]. The Kr-C potential is often used and it has the form

O(R)grc = 0.1909451e-0278544% + 0.473674e-063717x + 0.33538 11919249 ®

where the reduced length is given by x = tag.

Extending the work of Wilson et al, Ziegler, Biersack and Littmark (ZBL) performed detailed
calculations of solid-state interatomic potential for 261 atom pairs and arrived at the following

universal screening function [8]:

O(x)zpL = 0.028171e-0.20162¢ + 0, 28022¢-04029x - 0.509866-0:94229% + 0.18175e-3199%8x (g

where the reduced distance 18 given by x = r/a,,. wit

__ 04685 (4

a7BL
(Z(]).ZS + Z8.23) ‘ (10)

Nakagawa and Yamamura [9] used the relativistic electron densities of Carlson et al. [10]in a
statistical local-density calculation of the interactions of many pairs of atoms similar to ZBL, where
the atoms were confined to Wigner-Seitz cells representing the densities of the approximate solids.
They proposed the averaged modified Lenz-Jensen (AMLJ) potential of the form

H(D)amLs = exp(-our + 0r32 - a3e2) (11)

where o = 1.706 (210.307 + 220.307 )2/3/3‘8’ U‘Z =0.916 (210.169 + 220.169 )/aB312, 0Ly = 0244
(Z,00418 4 7,0:0418 243 2 (ay, : Bohr radius). The AMLJ potential is not "universal”; the three

parameters show different Z-dependencies so that the shape of the function varies with the atoms

involved in the encounter,

Even if the Hartree-Fock electron density is employed in place of the TF electron density, the second




approaches such as the ZBL, Kr-C and AMLJ interatomic potentials use the statistical model. For
example, the authors must employ the assumption that the kinetic energy of the electrons is
proportional to the 5/3 power of the electron density. It neans that these interatomic potentials cannot
be applied to the two-atom encounter in which a light atom is included. Unfortunately, there is no
simple interatomic potential which treats reasonably the light-atom scattering. Therefore, in the
computer simulation of the Impact-Coilision-Ton-Scattering-Spectroscopy (ICISS) surface scattering
[11] and light-ion sputtering [12], the authors used the screening function with the modified

screening length, i.e, a_ = gX(screening length). The correction factor, g, ranges from 0.6 to 1.0

which depends on the ion-target combination. O'Conner and MacDonald [13] proposed the
empirical formula, g = 0.69 + 0.0051 (Z, + Z,) for the Firsov screening length in the Moliére

potential.

The motivation of this paper is to show what physical quantity is the measure of determining this ¢-
value. One of the most promising candidates seems to be the average radius of the electron density.
For this purpose, first of all, we decide the correction factor of the screening length for an isolated
atom so as to match the average radius of the TF electron distribution with that of the Hartree-Fock
electron distribution for an isolated atom and then we calculate the correction factor of two-center TF
system by using a combination rule for the screening length corresponding to the Firsov, Lindhard

and ZBL screening length formula.

2. The Thomas-Fermi electron distribution for an isolated atom

The TF electron distribution, n(r), shows no shell structure, and is given by

Amrn(r)dr = Zx120(x)*dx ; (12)

using the TF differential equation (3).
Rigorously speaking, the empirical screening functions, egs. (6) and (7), mentioned i the previous
section are not exact solutions of eq. (3), and so we cannot use eq. {12) for the TF electron

distribution. We must use the Poisson equation for the TF electron distribution. Then, we have

Anrin(v)dr = Zxﬂld
dx2 (13)



Here, we will propose a new TF screening function corresponding to the AMLY potential which for

convenience will be called "Yamamura" screening function in this paper:

O(X)yam = exp(-1.35x + 0.586x¥2 - 0.093x2) _ (14)

Three parameters of the Yamarnura potential are determined from the Moli€re screening function by

the least square method.

The whole profiles of the electron distributions are characterized by the average radius < r > and the
radial spread < r2>. Table 1 shows the average reduced radius < x > and the corresponding radiat
spread < x2 > of the TF electron distributions calculated from Moliére, Kr-C, ZBL, Sommerfeld and
Yamamura screening functions. Rigorously speaking, the Kr-C and ZBL screening functions should
not be used for calculating the electron distribution of an isolated atom, because these two screening
functions are determined from the ion pair interaction. Since the screening length of the ZBL potential
is small, the <x > and < x*> of the ZBL electron distribution are smallest among these five
potentials. In Fig. 1 we compare these five screening functions. The ZBL potential shows the lowest
values in the whole region, because its screening length is shorter than the TF screening length. The
Sommerfeld, Moliére and Yamamura potentials have nearly equal values for x < 6, and the Moliére
and Yamamura potentials behave similarly until x = 8. The Yamamura potential drops rapidly for x >
10.

3. The correction factor of the screening length for an isolated atom

It is not established how to determine the correction factor, g-value, for the screening length of an
isolated atom. In this paper, we determine the g-vatue of an isolated atom so as to match the average
radius of the TF electron distribution with that of the Hartree-Fock electron distribution for an isolated
atom, where we use the double-zeta functions listed in Clementi and Roetti's table [14]. The g-value
for an isolated atom is obtained by

- <T >HF
q aTE< X >1F (15)

where < 1>y is the average radius of the Hartree-Fock electron distribution, and < x >..is the



average reduced radius of the TF electron distribution which depends on the empirical screening
function listed in Table 1. Table 2 shows the g-values for different screening functions listed in Table
1 and they are plotted in Fig. 2 as a function of the Z number. The shell effect of the electron
distribution is clearly observed in the present q-values. Here, it must be noted that the expansion

coefficients listed in Clementi and Roetti's table do not satisfy the normalization for lithium atom.

Another important quantity for the profile of the electron distribution is the radial spread < r?>. In

Fig. 3 we plot the relative deviation (< 12 >y - < 1* >)/< 12 >y for present five screening functions,
where the correction factor q is taken into account for the calculation of < r? >p- Fig. 3 says that

Moliére, ZBL, K1-C and Yamamura TF electron distributions will give reasonable profiles within
about 15% accuracy, except for Z < 10. For light atom (Z < 10) the ZBL and Yamamura TF
electron distributions are better than the Moliére one. From the viewpoint of electron distribution the

Yamamura screening function with the modified screening length, gy, X 2y, gives similar results to
the ZBL and Kr-C screening function with the present modified screening length for 2 wide range of

the atomic number, though it has only three parameters.

In Figs. 4 through 17 we plot the Hartree-Fock electron distribution, the TF electron distributions
with the modified screening length and those with the original TF screening length, in the broad solid
line, broad gray line and thin solid line, respectively, for the present five TF screening functions,
where H, He, Li, Be, B, C, Ne, Ar, Ni, Cu, Kr, Xe, Au and U are considered as isolated atoms. For
hydrogen, helium and lithium atoms the TF electron distributions are different from the Hartree-Fock

electrons distributions even if < r> .= < r>. Especially, the Moliére distribution have a sharp peak

near r = 0 because of the third term exp( -6.0 x) of the Moliére screening function.

It must be noted that the TF electron distribution n(r) diverge at r = 0 as is seen from eq. (13). This is
why the TF electron distributions cannot describe the Hartree-Fock electron distributions of light
atoms such as H, He and Li. It is interesting that ZBL., Kr-C and Yamamura TF screening functions
give reasonably good profiles for Beryllium (Z = 4) and Boron (Z = 5) even if their atomic numbers
are small. As the atomic number increases, the TF electron distributions show good agreement with
the Hartree-Fock distributions. The TF electron distributions with the present modified screening
lengths are much better than those with the original screening length for all cases. It is very interesting

that ZBL and Kr-C screening functions give very good electron densities for an isolated atom if one



uses the present modified screening length though they are not an approximate solutions of the TF

equation, (3).

4. The correction factor of the screening length in the interatomic potential

For the encounter of atomic number Z; and Z, there are three screening formula, Firsov, Lindhard
and ZBL, of the screening length in the interatomic potential. Let us consider the Z, and Z, in these

formulas as the screening length of the isolated atom. Then, we have the following combination rules

for the screening length of the interatomic potential:
el <[k +
Firsov: ap a) al (16)
) =G G
Lindhard: a/ “lay) le2) 7

7BL: [Ez_lsf} = (al_l)m + (?aliz‘)ow , (18)

where a, and a, are the screening lengths of the isolated atoms with atomic number Z, and Z, ,
respectively, given by eq. (2). In principle, the Kr-C and ZBL potentials are the interatomic potential
proposed for the interacting two-atom system. Therefore, the direct application of the present
approach to the Kr-C and ZBL potentials is not suitable. The Sommerfeld screening function is not
good from the viewpoint of its electron distribution. Then, we will use the Moliére and Yamamura
potentials and use the Firsov formula, eq. (16), for the screening length. These two potentials
resemble each other, except for light atoms (see Fig. 4 and 5) and at large distance (see Fig. 1). Table
3 shows the g-value for several typical the Z, and Z, combinations, where H, He, L1, Be, C, O, Ne,

Na, 81, Ar, K, Ni, Cu, Kr, Ag, Xe W, and Au are picked as the projectile (Z,).

In the past, many authors have determined the correction factors of the screening length by adjusting
a computer simulation to experimental data in the field for the ICISS [11, 15-38] analysis and light-
ion sputtering [12]. In the computer simulation of the sputtering yield, the correction factor also
reflects ambiguities in the collision events of ion-target and target-target combinations and those in

the electronic energy loss. On the other hand, the ICISS analysis is simple and usually the effect of



the electronic energy loss is small. Therefore, in Table 4, we compared the g-values determined by
the ICISS computer analysis with present theoretical g-values for various ion-target combinations. In
the ICISS experiments not all experimental data are obtained at 180° backscattering angle, but the
scattering angles range from 140° to 180°. In the ICISS computer analysis, all authors in Table 4
used the Moliére potential with the modified Firsov screening length, a_ = gXar.

As is seen from Table 4, the present g-values are in reasonably good agreement with those of the
ICISS computer analysis for almost all cases (about 80%) . Chang et al. [37] used q = 0.65 for both
2 keV Na — Cu and Na — Pt and these values are much less than the present values. They
determined their correction factors by fitting their calculations to the experimental shadow cones
measured by Niehus and Comsa [39] who used the 144° ICISS technique. The 144° ICISS
technique is sometimes dangerous for determining the shadow cone experimentally. It appears that
the agreement between the present g-values and the ICISS-q values is not good for the covalent
crystals such as TiC, Si, NbC, and HfC. It seems that we should use the solid state electron density in
place of the atomic electron density for determining the correction factor of the screening length for

covalent crystal.

5. Conclusion

In order to investigate the interaction of a charged particle with solids as in the ICISS analysis and
sputtering yield calculations by computer simulation, many authors treat the nuclear collision by the
Thomas-Fermi screened Coulomb potential by adjusting the screening length to experiment. In this
paper, we propose a new way to determine the correction to the screening length of the interatomic
potential. First of all we decide the correction factor of the screening length for an isolated atom so as
to match the average radius of the TF electron distribution with that of the Hartree-Fock electron
distribution. After that, we calculate the correction for the screening length of two-center TF system
by using the screening-length combination rule. The cotrection for the screening length in the Moli€re

interatomic potential are in good agreement with those determined by the ICISS computer analysis.

From the viewpoint of electron distribution in an isolated atom, the ZBL and Yamamura screening
functions give good profiles of electron distributions for Z > 4 if the present modified screening
lengths is used. The Kr-C potential is good enough for light elements.
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Table 2 The correction factor, g, for various screening functions

Z number Molisre Kr-G ZBL Sommerfeld ‘Yamamura
1 H 0.5186 0.528 0.531 0.435 0.526
2 He 0.402 0411 0.460 0.354 0.400
3 Li 0.402 0412 0451 0.3585 0410
4 Be 0.837 0.857 0.959 0.738 0.833
s B 0.800 0.819 0916 0.705 0.315
B Cc 0.743 0.760 0.851 0.855 0.756
7 N 0.689 0.705 0.789 0.807 Q.702
8 (o] 0.652 0.667 0.747 0.575 0.664
] 4 0.615 0.630 0.705 0.542 0.626
10 Ne 0.581 0.295 0.566 0.513 0582
11 Na 0.753 0771 0.863 0.664 0.767
12 Mg 0.504 0.823 D921 0.709 0819
13 Al 0.852 0.872 0.976 0.751 0.858
14 S 0.857 Q877 0.981 0.755 0.873
15 P 0.846 0.866 0.9839 0.746 0.862
16 S 0.838 0,858 0.950 0.739 0.853
17 Cl 0.823 0.842 0842 0.725 0.838
18 Ar 0.804 0.823 c.921 0.709 0.818
18 K 0.939 0.962 1.078 0.828 0.957
20 Ca 0.892 1.015 1.136 0874 1.010
2 Sc 0,969 Q.992 1.110 0.854 0.987
22 T 0.944 097 1.082 0.832 0.982
23 v 0.920 0.942 1.054 0.811 0937
24 Cr 0.942 0.964 1.079 0.830 0.959
25 Mn 0.877 0.898 1 005 0.773 0.893
26 Fa 0.854 0.874 0.978 0.753 0.870
27 Co 0.334 0.854 0.556 0.735 0.830
28 Ni 0815 0.835 0534 0719 0.830
25 Cu 0.759 0.777 0.870 0.669 0.773
30 n 0.780 0.79% D.83%4 0.688 0.794
31 Ga 0.813 Q.832 0.931 Q.77 0.828
32 Ge 0.825 0.344 0.945 a.727 0.840
33 As 0.828 0.847 0.948 0.730 0.843
34 Se 0.831 0.851 0952 0.733 0.847
35 Br 0.831 0.851 0.952 0.733 0.B46
38 Kr 0.327 0.847 0948 0.729 0.B42
a7 Rb 0.523 0,945 1.057 0813 0840
38 Sr 0.967 0.990 1108 0.853 0985
39 Y 0.9635 0.888 1.106 0.851 0.983
40 Zr 0.959 0.882 1.099 0.846 0577
41 Nb 0.914 0.535 1.048 0.805 0.930
42 Mo 0.804 0.825 1.085 0.737 0.920
43 T 0.934 0.958 1.070 0.823 0.851
£4 Ru 0.890 0.911 1.020 0.785 0.207
45 Rh D.882 0.903 1.010 0778 0.898
45 Pd 0.812 0.832 0931 0.716 0.827
47 Ag 0.840 0.860 0.563 0.741 D.856
48 Cd 0.883 0.904 1.012 0.779 0.900
48 In 0911 0.833 1.044 0.803 0.828
80 8n 0.824 0.846 1.058 0.815 0941
51 Sb D.829 0.951 1.085 0819 0.946
52 Te 0.937 0.959 1073 0.8286 0.954
53 | 0.539 0.962 1.076 0.828 0.957
54 Xa 0.340 0.962 1.077 0.829 0.957
55 Cs 1.022 1.046 1171 0.901 1.041
58 Ba 1.0684 1083 1.218 0.938 1.083
57 ia 1.065 1.091 1.221 0.539 1.085
538 Ce 1.053 1.073 1.208 0.928 1673
53 Pr 1.041 1.088 1193 0918 1.080
80 Nd 1.029 1.054 1179 0.907 1042
61 Pm 1.018 1.042 1.1686 0.897 1036
62 Sm 1.006 1.030 1153 0837 1025
B3 Eu 0.995 1.018 1.140 0.877 1014
&4 Gd 0.985 1.008 1128 0.868 1.003
65 Tb 0.975 0.998 1117 0.859 0.593
B8 Dy 0.965 0.983 1105 0.851 0.983
67 Ho 0.855 0.978 1.084 0.842 0.872
63 Er 0.945 0.967 1.083 0.833 0982
69 Tm 0.936 0,938 1.072 0.825 0.953
70 ¥b D.926 9.948 1.061 0.817 0943
71 lu 0913 0.929 1.051 0.809 0.934
72 Hi 0.817 $.938 1050 D808 0,833
73 Ta 0.914 0.938 1.047 0.806 0.931
74 W 0.511 0.933 1.044 0.804 0.928
75 Re 0.908 0,929 1.040 0.800 0.924
76 Os 0.863 0.388 0.934 0.765 0.884
77 Ir 0.828 0.848 0.945 0.730 0.843
78 Pt 0.851 0.871 0.8975 Q.750 0.867
79 Au D373 0884 1.00C 0.770 0.889
80 Hg 0.828 0.909 1.017 0.783 0.904
81 T 0.910 0932 1.043 0.803 0.927
82 Pb 0923 0.544 1.057 0.813 0.939
:<] B 0.830 0.952 1065 0320 0.847
84 Po 0.838 0.961 1075 0827 0.956
85 At 0.943 0.966 1.081% 0832 0.961
86 Rn 0947 0.969 1.084 0.835 0964
&7 Fr 1.00€ 1.030 1153 0.887 1.025
88 Ra 1.045 1.069 1197 g.921 1.064
33 Ac 1,051 1.076 1204 0.926 1.070
0 Th 1.053 1.078 1.207 0.929 1.073
81 Pa 1039 1.084 1180 0916 1.058
92 U 1.033 1.087 1.183 o9t 10582
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Table 3 The correction factor, g, for various Z1 and 22 combinations

Z ; H He Li
Z2 Moliere Yamamura Moliere Yamamura Moliere Yamamura
1 H 0516 0.526 0.441 0.449 0.435 0.445
2 He 0.441 0.449 0.402 0.409 0.402 0.410
2 L 0.435 0.445 0.402 a.410 0.402 Q.410
4 Be 0.683 0.697 0.559 0.569 0.540 0.551
5 B Q.676 0.689 0.562 0.572 0.543 0.953
8 c 0.654 0.666 0.554 0.564 0.537 Q.547
7 N 0628 0.640 0.542 0.552 0.528 0.538
8 0O 0608 0.520 0.532 0.542 0.520 0.530
g F 0.588 0.597 0.520 0.529 0.508 0.519
0 Ne 0.564 0574 .507 0.516 0.498 0.507
i1 Na 0675 0.688 0.583 0.594 0.568 0.576
12 Mg a.707 0.721 Q.606 0.616 0.585 0.597
i3 Al 0.737 0.751 0.628 0.637 0.604 0615
14 Si 0.742 0.756 0.632 0.643 0.609 0.621
i5 P 0.739 0.753 0.632 C.643 0.610 g.622
18 S 0.736 0.750 0.633 0.644 0611 0.622
7 d 0.730 0.743 0.630 0.641 0.609 0.621
8 Ar 0.720 0.733 0.626 0.637 0.606 0.617
19 K 0.800 0.815 0.678 0690 0.651 0.664
2 Ca 0.831 0.846 0.899 0.711 0.670 0.683
21 Sz 0821 0837 0.695 0.707 0.667 0.680
2 T 0.810 0.825 0.690 0.702 0.663 0.675
23 v 0.798 0.813 0.684 0.696 08633 0.671
24 Cr 02812 0.827 0.685 Q.707 0668 0.680
25 Mn 0.775 0.720 0.672 0.684 0.649 0.661
26 Fe 0.763 Q777 0.665 0677 0.643 0.655
27 Co 0.751 0.765 0.858 0.671 0.637 0.650
28 NI 0.740 0.753 0.652 0.664 0.632 0.644
2% Gu 0.703 0.716 0.627 0.638 0.610 0.622
W In 0.718 073 0639 0.650 0.621 0.632
31 Ga 0.741 0.755 0.656 0668 0.636 0.648
32z Ge 0.750 0.764 0.663 0.675 0.643 0655
32 A 0.753 0.767 0666 0.678 0.645 Q.658
34  Se 0.756 0.770 0.659 0.681 0.548 0.661
3B Br 0.757 0.771 0.670 0.682 0.650 0.682
36 K 0.755 0.769 0.670 0.682 0.649 Q.62
37 BRb 03819 0.834 0.715 0.728 0.689 0.703
38 &r 0.848 0.864 0.735 0.748 0.707 0.721
29 Y 0848 0.864 0.736 0.749 0.708 0.722
% Z 0.845 0.861 0.735 Q.748 0.708 0.721
41 Nb 0.817 0.832 1 lra bd 0.730 0632 0.705
42 Mo 0.811 0.828 0714 0.726 0.690 0.703
43 T 0.832 0.847 0.729 0.742 Q.703 Q.716
44  Ru 0.804 0.819 0.710 0.723 0687 0.700
45 HRh 0.799 0.814 0.708 0.720 0685 0.698
46 Pd 0.751 0.765 0.674 0.686 0.655 0.867
47 Ag 0.771% 0.786 0.688 0.702 0.668 0.632
42 Cd 0.802 0.817 Q712 0.725 0689 0.702
49 In 0.821 0.837 0.726 0.739 0.702 0.716
50 Sn 0831 0.845 0.733 0.747 0.709 g.722
51 5b 0.835 0.850 0.737 0.750 Q72 0.726
52 Te 0.841 0.856 6.742 0.785 0.716 0.730
53 i 0.843 0859 0.744 0.758 0.719 0.733
M Xe 0.844 0.880 0.746 0.75¢ Q.720 0.734
5 Cs 0.899 0.916 0.784 0.798 0.754 0.768
55 Ba 0.926 0.943 0.803 0.817 0.771 4.785
5 La 0.928 0.945 0.805 Q.819 Q.773 0.788
58 Ce 0921 0.8939 0.801 0816 0.770 0.785
8 Pr 0914 0.931 0.797 0.811 0.766 0.781
60 Nd 0507 0.524 0.793 0.807 0.763 0.778
61 Pm €.901 0917 0.789 0.803 0.760 0.774
62 Sm 0.894 2.911 0.785 0.799 0.757 Q7
B2 Eu 0.887 0.904 0.781 Q.79 0.753 0.768
64 Gd 0.881 0.897 0.778 0.791 0.750 0.764
B5 Th 0875 0.891 0.774 Q.788 0.747 0.761
66 Dy 0.869 0.885 0.770 0.784 0.744 0.758
67 Ho 0.862 0.878 0.766 0.780 0.740 0.754
&8 Er 0.856 0.872 0.762 0.775 0.737 0.751
8% Tmn 0.850 0.866 0.758 0772 0.734 0.748
70 Yb 0.844 0.859 0.754 0.768 0.730 0.744
71 ilu 0.838 0853 0.751 0.764 0.727 0.741
72 H 0.838 0.853 0.751 0.764 0.728 0.741
73 Ta 0.836 0.852 0.750 0.764 0.727 0.741
74 W 0835 0.850 0.74% 0.763 0.727 0.740
75 Re 0.833 0.848 0.748 0.762 0.726 0739
76 Os 0504 0.819 Q.727 074 0.707 0.721
7 0.774 0.789 0.705 0.718 0.687 0700
78 Pt 0.752 0.807 0.719 0.732 Q.700 0.793
72 Au 0.809 0.824 0.732 0.745 0.712 0.725
80 Hg 0.820 0.835 0.741 0.754 0.720 0.733
g m 0.837 0.852 0.754 0.767 0.731 0.745
82 Pb 0.847 0.862 0.761 0775 0.738 0.752
8 & 0.852 0.868 0.766 0.780 0742 0.756
24 Po 0.858 0.875 0.771 0.785 0.747 0761
85 At 0.862 0.878 Q0.774 0.788 0.750 0.764
8 Hn 0.885 0.881 0.777 0.791 0.753 0.767
a8 Fr 0.908 0.925 0.808 0.823 0.780 0.796
8 BRa 0.935 0.352 0.828 0.843 0798 0814
88 Ac 0.940 0.957 0.832 0.846 0.802 0.817
% Th 0.942- 0.960 .833 0549 0.804 0819
at Pa 0.932 0.950 0.827 0.842 Q.798 0.813
g2 u 0929 G946 0.825 0.840 0.786 Q.812




Table 3 The corection factor q for various Z1 and Z, combinations (continued)

> Z Be C 0
2 Moliere Yamamura Moliere Yamamura Moliere Yamarnura

1 H 0.683 0.657 0.654 0.665 0608 0.620
2 He 0559 0.569 0.554 0.564 0.532 0542
3 4 0.540 0.551 0,537 0.547 0.520 0.530
4 Be 0837 0.853 0.782 0796 0.715 0.728
5 B 0.817 0.832 n.768 0783 0.708 0.721
&6 c 0.782 0.756 0.743 0.756 086N 0.703
7 N 0.744 0.758 0714 0.727 0.669 0.682
g8 0 0.715 D.728 0891 0.703 D.632 0.564
9 F 0.684 0.6597 0.665 0.877 0.632 0.644
10 Ne 0.654 0.667 0.640 0.652 0.612 0.623
11 Na 0.782 0.797 0.749 0782 0.762 0.715
12 Mg 0.816 0.831 0.777 0791 0.726 0.739
13 Al 0.847 0.863 0.803 0.818 0.747 0.761
14 S 0.850 0.856 0807 0.822 0.751 0785
15 P 0.843 0.859 0.802 0.817 G 748 0.762
18 s 0.838 0.853 0.798 0813 0.747 0.760
17 O 0.828 0.843 0.791 0.805 0.741 0755
18 A 0814 0.830 0.780 0.794 0733 0.747
19 K 0.904 0.921 0.855 0.871 0.794 0.809
20 Ca 0.937 a0.854 0.882 0.898 0.816 0.831
21 Ss 0.924 0.941 0.872 0.888 0.809 0.824
22 Ti 0.909 0.928 0.851 0.877 0.801 0.816
23 v 0.893 0510 0.84% 0.884 0.792 0.807
24 Cr 0.908 0.925 0.862 0.877 0.803 D.818
25 Mn 0.865 0.881 0.827 0.841 0.776 0.790
26 Fe 0.845 0.865 0.814 0.828 3.768 0780
27 Co 0.835 0.851 0.802 0.817 0.757 o
28 Ni o8 0.836 0.790 0.805 0.747 o7el
29 Cu 0,778 0.793 0.754 0.768 0.717 0.731
a0  Zn 0.754 0.808 0.768 0782 0.730 0.743
31 Ga 0.818 D.824 0.790 0.804 0.748 D.782
32 Ge 0.828 0.843 0.798 0812 0.756 0.769
3R As 0.830 0.845 0.800 0.814 0758 0772
34 Se 0.833 0.849 0.302 0817 0.760 0.774
35 Br 0.833 0.8428 0.803 0.817 0.781 0774
36 Kr D.829 0.845 0.800 0.815 0.759 0.773
37 Rb 0.800 0.916 D.861 0876 0.810 0.825
38 5r 0.931 0.048 0.887 .903 0.832 0847
3@ Y 0.930 0.947 0gs? D903 0.832 0.847
a4 Zr 0.926 0.943 0884 0.800 0.830 0.845
41 Nb 0.894 0.910 0.857 0.872 Q808 G823
42 Mo 0.887 0.903 0.852 0.867 0.804 0.818
a2 T 0.909 0.926 0.871 0.886 0.820 0.835
44 Ru 0.877 0.854 0.843 0.859 0.798 0.813
45 Rh 0.871 0.2887 C.839 0.854 0.794 0.809
45 Pd 0818 0.833 0.792 0.807 0755 0.769
47 Ag 0.839 0.855 0.811 0327 pD.772 0.786
48 Cd 0.872 0.8839 0.840 0.856 0.797 0812
49 In 0.893 0910 0.859 0.874 0.812 0.827
50 Sn 0903 0.820 0.867 08583 0.820 0.835
51 &b 0.907 0.924 2.87M 0.887 0823 0.828
52 Te 0913 0.930 0.8786 0.892 0.828 0.843
£3 I 0.814 0.932 0.878 0.894 0.830 0.845
54 Xe 0.818 0.932 0.879 0.895 0.831 0.845
55 Cs 0.974 0.993 0.930 0.947 0.873 0.880
55 Ba 1.004 1.022 0.955 0972 0.894 0.911
5 la 1.005 1.024 0.956 0.874 0.896 0.012
58 Ce 0.957 1.016 0.950 0.967 0.891 0.908
5 Pr Q.5982 1.007 G.543 0.960 0.886 0.902
60 Nd 0.981 0.999 0.937 0954 0.881 0897
81 Pm 0973 0.991 0.931 0.947 0.876 0.892
62 Sm 0985 0.983 0.924 0.941 0.871 0.887
63 Eu 0957 0.976 0.917 0.934 0.866 0.882
64 Gd 0.850 0.968 .91 0.928 0.881 0.877
65 Tb 0.943 0.961 0.908 0.522 0.85% 0.872
66 Dy 0936 0.953 0.89¢ 0.518 0.851 0.887
67 Ho 0.928 0.945 0.892 0.909 0.846 D.862
88 Er 0.921 0.938 0.887 0.903 0.841 0.857
88 Tm £915 0.931 0.881 0.897 0.837 0.852
70 Yk 0.807 0.924 0.875 0.891 0.832 0.847
71 Lu 0.901 0.917 0.870 0.885 0.827 0.842
72 Hf 0.900 4916 0.889 0.885 0.827 0.842
7 Ta 0.298 0.915 0.888 0.884 0.825 c.841
74 W 0.896 0.913 0.856 0.832 0.825 0.840
75 Re 0.894 0.910 0.864 0.87% 0.823 0.838
7% Os 0.862 0.878 0.836 0.851 0.799 0.814
7o 0.830 0.845 0.807 [1F: 7 D.775 0789
7 Pt 0848 0.854 0.824 0.840 0.789 Q804
79 A 0.866 0.882 0.840 0.855 0.8303 0.818
80 Hg 0.878 0.894 0.851 0.856 0.813 0.828
8 T 0.896 0.912 0.867 0.883 0.827 0.842
82 Pb 0.906 0.922 0.876 0.891 0.835 0.848
83 B 0.911 0.928 0.881 0.897 0.839 0.855
84 Po 0918 0.835 0.887 0.903 0.844 0.860
g8 A 0.922 0.93%9 0.890 0.907 0.848 0.864
8 Rn 0.925 0.942 0.893 0.909 Q.850 0.866
87 Fr 0.570 0.588 0.933 Q.850 0884 0901
88 Ra 0.999 1.018 0.959 0.976 0.905 923
89 Ac 1.004 1.022 0.963 0.580 0310 0.926
20 Tn 1.006 1.025 0.964 0.982 0.911 .929
2] Pa 0.895 1.014 0.958 0973 0.904 0.921
92 u 0891 1,010 0.952 0.969 0.902 0.918

—23_




Table 3 The corection factor g for various Z, and Z,, combinations (continued)

Z1 Ne Na Si
22 Mcliere Yamamura Moliere Yamamura Moltere Yamamura
1 H 0.564 0.574 0.676 0.688 0.742 0.756
2 He 0.507 0.516 0.583 0.594 0.632 0.643
3 L 0.498 0.507 0.566 0.576 C.605 a.621
4 Be 0.654 0.667 0.782 0.797 0.850 0.868
5 B 0.652 0.664 0.771 0.785 0.835 0.850
6 G 0.640 0.652 0.749 0.762 a.807 0.822
7?7 N 0.625 0.636 0723 0.736 0776 0.791
g8 0 0.612 0.623 0.702 0.715 0.751 0.785
g F 0.597 0.608 0.679 0.691 0.724 0.738
10 Ne 0.581 0.592 0.655 0.668 0.697 a.710
11 Na 0.655 0.668 0.753 0.767 0.804 0.819
12 Mg 0.675 0.688 0.778 0.792 0.830 0.845
13 A 0.693 0.706 0.801 0.816 0.855 0.871
14 S 0697 0.710 0.804 0819 0.857 0.873
1 P 0.696 0.709 0.800 0.815 0.851 0.867
1€ S 0685 0.708 0.797 .81 0.847 0.863
17 G Q.682 0.705 0.750 0.804 0.839 0.854
8  Ar 0.686 0.699 0.781 0.795 0.828 0.843
19 K Q.735 0.749 0.845 0.862 0.898 0.916
20 Ca 0.754 0.768 0.870 0.886 0.924 0.941
2t Sc 0.749 0.763 0.861 0.877 0.914 0.931
2 T 0.743 0.757 0.852 0868 0.803 0.920
23 v 0.737 0.75t 0.841 0.857 0.891 0.908
24  Cr 0.746 0.760 0.853 0.868 0.903 0919
25 Mn 0.725 0.738 0.822 0.837 0.868 0.884
%6 Fe 0.717 0.73t 0.816 0.825 0.855 0.871
27 Co 0.710 0.724 0.800 0.815 0.843 0.859
28 Ni 0.703 0.716 0.720 0.804 0.832 0.847
23 Cu 0.679 0.691 0.757 0.771 0.796 0.810
30 Zn 0.689 Q.702 0.770 0.784 0.809 0.824
3 Ga 0.708 0.718 0.789 0.804 0.820 0.845
32 Ge 0.712 0.725 0.796 0.811 0.837 0.853
33 As 0.714 0.727 0.798 0.813 0.839 0.855
34  Se 0.716 0.730 0.800 0.816 ¢.841 0.857
3B Br 0.717 0.730 0.801 0.815 0.841 0.856
36 K 0.716 Q728 0.799 0.813 0.838 oes4
37 Rb 0.758 o772 0.853 0.868 0.896 0.413
38 S C.777 0.791 0.876 0.893 0.921 0.93%
3 Y 0.777 0.792 0876 0.892 0.921 0.938
a0 Zr 0.776 0.791 0.873 0.890 0.918 0.935
41 Nb 0.759 0.773 0.850 0.865 0.892 0.908
42 Mo 0.756 C.769 0.845 0.860 0.886 0.902
43 Tc 0.769 0.784 0.862 0.878 0.204 D.921
44 Ru Q.751 0766 0.838 0.854 0.878 0.894
45 Rh 0.749 0.762 0.833 0.849 0.873 0.889
4 Pd 0.716 0.789 0791 0.806 0827 0.843
47 Ag 0.730 0.744 0.809 0824 0.848 0.852
45 Cd 0.751 0.766 0.835 0.851 0.874 0.890
48 In 0.765 0.779 0.852 0.868 0.891 0.908
53 Sn 07N 0.786 0.355 0.875 0899 0.918
51 Sb 0.775 0.789 0.863 0.879 0.903 0.919
52 Te 0.779 .793 0.868 0.884 0903 0.924
58 | 0781 0.785 0.869 0.886 0.906 0.926
54  Xe 0.782 0.796 0.870 0.886 0.910 0.926
55 Cs 0.317 0.833 0915 0.932 0.958 0.976
56 Ba 0.835 0.850 0.938 0.955 0.982 1.000
5 s 0.836 o852 0.939 C.556 0983 1.001
58 Ce 0.833 0.848 0.933 0.951 0877 0.995
5 Pr 0.829 0.844 0.923 0.945 0.970 0.988
80 Nd 0.825 0.840 0.022 0939 09864 0.982
61 Pm 0.821 0.336 0.917 0.933 0.958 04975
62 Sm 0.817 0.532 0.511 0928 0.951 0.969
83 Eu 0.813 ©.829 0.905 0922 0.545 0.963
& Gd 0810 0.825 0900 0.916 Q939 0.957
65 Tb 0.806 0.821 0.895 091t 0533 0.951
66 Dy 0.802 0.817 0.889 0.906 0.9z7 0.945
67 Heo 0.768 0.8i3 0.884 0.900 0.921 0.938
68 Er 0.794 0.809 0.878 0.894 0.915 0.932
69 Tm Q791 0.805 0873 0.889 ©.910 0.926
7 Yo 0.786 0.801 0.867 0.883 0.903 0.920
71 Lu 0.753 0.797 0.563 0.878 0.898 0.914
72 Hf 0.783 0.797 0.882 0.878 0.898 0.514
73 Ta 0.782 0.767 0.861 0.877 0.896 0912
74 W 0.781 0.7%6 0.859 0.875 0.894 0.910
75 Fe 0.780 0.795 0.857 0.873 0.892 0.908
7w Os 0.760 0.774 0.832 0.847 0865 0.881
7o G732 0.753 0.806 0.820 0.836 0.852
78 Pt 0.752 0.766 0.821 0.837 0.853 0.369
79 Au 0764 a778 0.836 0.851 0.868 0924
30 Hg 0.773 0.787 0.846 0.961 0.879 0.885
8 T 0.784 0.759 0.260 0.876 0.894 0.910
82 Pb 0.7H 0.806 0.368 0.884 0.902 0.918
83 B 0.795 0.310 0.873 0.889 0.507 0.924
8 Po 0.800 0.815 0.878 0.895 0913 0.930
85 At 0.803 0818 0.882 0.898 0.916 0.933
8 Rn G.805 0.820 0.884 0.900 0.919 0.935
87 Fr 0.834 0.850 0.920 0.938 0.957 0.975
88 PRa 0.853 0.869 0.943 0.951 0.981 0.999
89  Ac 0.856 0.872 c.oa7 0.965 0.985 1.008
%0 Th' €858 0.874 0.946 0.957 Qgar 1.005
51 Pa 0.852 0.868 0841 0.958 0.978 0.996
g2 U 6.850 0.866 093g 0.955 0.875 0.953
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Table 3 The corection factor q for various Z, and Z,, combinations (continued)

Z 4 Ar K Ni
z2 Moliere Yamamura Moliere Yamamura Moliere Yamamura
1 H 0.720 0.733 0 800 0.815 0.740 0.753
2 He 0.626 0.637 0§78 0.690 0.652 0.664
3 u 0.606 0617 0.651 0.664 0632 0.644
4 Be 0814 0.830 0.504 0.8 [F: 4 0.836
5 B 0.803 0.818 0.B8S 2.902 0810 0.825
6 c 0.780 0.794 0.855 087N 0.79¢ 0.805
7 N 0.754 0.769 pa21 0.837 0.767 0.781
8 o] 0.733 0.747 0.784 0809 0.747 0.761
9 F 0.710 0.723 Q764 0.779 0.726 0.729
10  Ne 0.686 0.699 0.735 0.749 0.703 0.8
1 Na 0.781 0.795 0.8458 0.852 0.790 0.804
12 Mg 0.804 0.819 0.873 0.889 081 0.826
3 A 0.825 0.841 0.897 0.914 0.830 0.B45
14 S 0.828 0.843 0.859 0.916 0.832 0.847
5 P 0.823 0.839 0.892 0.902 .823 0.843
6 S 0.820 0.835 0.887 0.903 0.825 0.840
7 C 0813 0.828 0.878 0.894 0818 0.833
18 Ar 0.804 0.819 0.866 0.882 0810 0.825
18 K 0.866 0.882 0.939 0957 0.B66 0.882
20 Ca 0.888 0.905 0965 0.882 0.885 0.902
21 Se 0.880 0.296 0.954 0.972 0.878 0.895
22 Ti 0.370 0.887 0.542 0.960 0.870 0886
23 v 0.861 0.877 0.828 0.946 0.861 0.877
24 Cr 0.871 0.887 0.541 0.958 0870 0886
25 Mn 0.842 0.857 0.865 0921 0.844 0.859
26 Fe 0.830 0.846 0.8 0.908 0834 0.849
27 Co 0.820 0.836 0.878 0.885 0.824 0.840
28 N 0810 0.825 0.856 0.882 0815 0.830
2 Cu 0.778 0.792 0.828 0.843 0.786 {.800
30 Zn 0.790 0.805 0.842 0.857 0.797 0.811
3] Ga 0.808 0.524 0.863 0.879 0.814 D.829
32 Ge 0.816 0.831 0.870 0.888 0.820 0.835
33 As 0818 0.833 0.872 0.888 0.822 0.337
34 Se 0819 0.835 0.873 0.890 0.823 0.839
3% Br 0.819 0.834 0.873 0.889 0.8223 0.838
3k K 0.817 0.832 0.870 .885 0.821 0.836
37 Rb 0.368 0.885 0.930 0.947 0.865 0.885
38 S 0.8%1 0.908 0.4955 0973 0.885 0.805
38 Y 0.891 0.207 0.954 0.972 0.888 0.505
o Zr 0.888 0.805 0951 0.963 0.886 0,503
41 Nb 0.888 0.881 0.924 0.941 0868 0.881
42 Mo 0.861 0.876 0918 0.924 0.881 0.877
43 Tc 0877 0.893 0.536 0.853 0.876 0.892
44 Ru 0.854 0.870 0.909 04.926 0.855 0.871
45 hRh 0.850 0.855 0.803 G.920 0.851 0.868
45 Pd 0.802 0.824 0.856 n.872 0.313 0.828
47 Ag 0.826 0.841 0.875 0.892 0.829 0.844
48 Cd 0.851 0867 0.904 0.921 0.852 0.868
49 In 0.8867 0.883 0.921 0.939 0.865 0.882
50 &n 0.874 0.880 0.830 0.847 0873 0.883
51 Sh 0877 0.893 0.933 0.950 0.876 0892
52 Te [+:1-7 0.898 0.938 0.955 0.880 0.896
53 | 0.883 0.800 0939 04957 0.881 0.898
54 Xe 0.884 0.900 0.940 0.857 0.882 0.898
5 GCs 0527 0.944 0.889 1.008 0.921 0.838
5 Ba 0.948 0.965 1.3 1.032 0.940 0.957
57 la 0.949 0.5957 1.014 1.033 0.941 0.959
58 Ce 0.544 0.962 1.008 1027 0.937 0.854
58 Pr 0.938 0.956 1.001 1020 0.832 0.949
80 Nd 0.533 0.950 0.984 1.013 0.927 0.544
&1 Pm 0.928 0.944 0,988 1.008 0822 0.938
62 Sm 0.822 0.938 0.581 £.999 0.817 0.934
53 Eu 0918 0.934 0.974 0.993 0912 0.928
64 Gd o8 0.928 0.968 0.9386 02.807 0.924
65 Tb 0.906 0923 0.962 0.980 0.903 0019
§ Dy 0.901 0.9i8 0.858 0974 0.858 0.915
67 Ho 0.896 D912 0.843 0.957 0.893 0.908
68 FEr 0.891 0.907 0.843 0.960 0888 0.904
69 Tm 0.885 0.802 0.937 0.954 0.884 0.800
70 Yb C.B80 0.896 0.330 0.948 0.879 0.895
71 Lu 0875 0.891 03925 0942 0.875 0.890
72 B 0.875 0.891 0.924 0.941 0.874 0890
73 Ta 0.873 0.850 a.822 0840 0.873 0.888
74 w 0872 0.888 0.820 0.938 0.871 0.887
75 Re 0.870 0.886 g.918 0.935 0.870 0.885
s Os 0.846 0.861 0.89¢ 0.907 0.847 0.863
77 0.820 0.835 o881 0.877 0.823 0.838
72 P 0.835 0.851 0.878 0.894 0.837 0.853
79 Au 0.848 0.855 0.893 0910 0.850 0.866
80 Hg 0859 0.874 0.904 0.921 0.859 0.875
3t M 0872 0.833 0.919 0.937 0.872 0.888
82 Pb 0.880 0.896 0.828 0.945 0.879 0.8935
83 B 0.885 0.807 0.933 0.950 0.883 0.899
84 Po 0.880 0.907 0.538 0.956 0.888 0.905
85 At 0.893 0.910 0.842 4.950 0.891 0.908
86 PRn 0.898 0.912 0.544 0.982 0.833 0.908
87 0.830 0.948 0.983 1.002 0.925 0942
8 BRa 0852 0.969 1.008 1.027 0.845 0.962
89 Ac 0.956 0.973 1.012 1.031 0.948 0.966
N Th G957 0.8975 1.013 1.033 0950 0.967
51 Pa 0.350 0.967 1.005 1.024 0.853 6950
gz U 0.947 0.984 1.001 1.020 0940 0.957




Table 3 The corection factor q for various Z, and Z,, combinations (continued)

Z1 Cu Kr Ag

z2 Moliere Yamamura Moliere Yamamura Moliere Yamamura
1 H 0.703 0.716 0.755 0.765 0771 0.788
2 He 0.627 0.638 0.670 0.682 0.689 0.702
3 L 0.610 0.622 0.649 G.662 0.669 0.682
4 Be 0.778 0.793 0.829 0.845 0.839 0.855
S B Q.770 0.785 0.819 0.834 0.830 0.845
8 C 0.754 0.768 0.800 0.815 0.811 0.827
7 N 0.734 0.748 0.778 0782 0.790 0.805
g o] 0.717 0.731 0.759 0.773 0.772 0.786
g9 F 0698 0.711 0.738 0.751 0.752 0.766
10 Ne 0673 0.691 0.716 0.729 0.730 0.744
11 Nz 0.757 0.7 0.799 0813 0.809 0.824
12 Mg 0.776 0.790 Q818 0.833 0.827 0.843
13 A 0.753 0.808 0.836 0.852 0.844 0.860
14 Si 0.756 0.310 0.838 0.854 0.845 {862
15 P 0.793 0.807 0834 0.850 0.842 0.858
16 1) 0.790 0.805 0.831 0.846 0.832 0.855
17 Cl 0.785 0.800 0825 0.840 0.834 0849
18 Ar 0.778 0.792 0.817 0.832 0.826 0.841
19 K 0.828 0.843 Q.870 0.886 0.875 0.892
20 Ca 0.846 0.861 0.888 0.505 0.893 0.809
21 Sc 0.840 0.855 0.882 0.898 0.886 0.903
2 T G.833 0.848 0.874 0.390 0.879 0.895
23 v 0.825 0.84% 0.865 0.381 0871 0.887
24 G 0834 0.849 0.874 0.890 0.879 0.895
25 Mn 0.811 0.825 0.849 0864 0855 0.871
26 Fe {4.802 0817 0.839 0.855 0.846 0.862
Z7Z Co 0794 0.809 0.830 0.846 0.837 0.853
28 Ni 0.786 0.800 0.821 0.836 0.829 0844
29 Cu 0.759 0.773 0.793 0.808 0.802 0.817
30 Zn 0.769 0.783 0.804 0818 0.8i2 0.827
3 Ga 0.785 0.800 0820 0.835 0.828 0.843
32 Ge 0.791 0.806 0.826 0.841 0.833 0.849
B OAs 0.753 0.807 0.827 0.842 0.834 0.850
34 Se 0.794 0.509 0.829 0.844 0.836 0.852
35  Br 0.795 0.809 0.829 0.842 0.835 0.851
36 Kr 0.793 0.808 0.827 0.842 0.834 0.849
37 Rb 0.336 0.851 0.872 0.588 0877 0.893
3B G Q.854 0.870 0.891 0.807 0.895 0.911
39 Y 0.854 0.870 0.891 0.807 0.894 0.9t
4 0.852 0.868 Q.589 0.905 0.892 0.909
41 Nb 0834 0.849 0.858 0.885 0.874 0.820
42 Mo 0.830 0.845 0.865 0.880 Q.870 0.886
43 Te 0.844 0.859 0.879 0.895 0.883 0899
4 Ru 0.825 0.840 0.858 0.875 0.884 0.880
45 Rh 0.821 0.837 0.855 .870 0.860 {0878
48 Pd 0.787 0.802 0.818 0.834 0.826 0.841
47  Ag 0.802 0.817 0.834 0.848 0.840 0.856
48 Cd 0.823 0.838 0.856 0.872 0.861 0.877
49 In 0.835 0.852 0.870 0.886 0.874 a.891
5 &n 0.843 0.858 0.878 0.892 0.880 0.897
51 Sh 0.845 0.861 0.379 0.855 0.883 Q.899
52 Te 0.849 0.8565 0833 0.898 0.888 0.203
53 1 0851 0.867 0.884 0.800 3.888 0.904
54 Xe 0851 0.887 0.885 0.901 0.888 0.805
55 Gs 0.887 0.903 0922 0.939 0.923 0.941
& Ba 0.804 0.921 0.940 0.957 0.940 0.858
57 1a 0.905 a.522 0.941 0.958 0.941 0.959
58 Ce 0.901 ok t:4 0.936 0.954 0.937 0.955
58 Pr 0.897 0914 0.932 0.849 0.933 0.950
60 Nd 0.893 0508 o827 0.844 0.928 0.846
&1 Pm 0.889 0.905 0.823 0.932 0924 0.941
62 Sm £.884 0.901 0918 0.935 0.919 0.837
63 Eu 0880 0.896 0.913 0.930 0915 0.932
64 Gd 1.876 0.892 0.909 ¢.925 0911 ¢.928
65 Tb o872 0838 0904 o.a21 0.907 0.924
66 Dy 0.868 0.534 0.900 0.816 0.902 0818
€87 Heo 0.863 0.879 0.895 0911 0.898 0.915
68 FEr 0.858 0.875 0.890 4.807 0.893 0.8i0
£€2 Tm 0.855 0.871 0.888 0.502 0.889 0.906
7@ Yb 0.850 0.866 0.831 0.897 0.885 0.901
71 Lu 0.847 0.862 0.877 0.693 0.88t _ 0.887
72 Hf 0.847 0.862 0.877 0.892 0.880 0.897
73 Ta 0.845 0861 0875 0.8982 4.379 0.896
74w 0.844 0.850 0.874 0.890 0.878 0.894
75 Re 0.843 0.858 0873 0.888 03876 0.802
7% 0Os 0822 0.837 0.851 0868 0.855 0871
77700 Q.800 9815 0.828 0843 0.833 0.8439
78 Pt Q.813 0.8328 0.841 0.857 0.845 0.862
78  Au 0.825 0.840 0.854 0.869 0.858 0.874
B0 Hg 0833 0.849 0362 0.878 0.866 0.882
a1 n 0.845 0.861 0.874 0.891 0.878 0.895
82 Pb 0.852 0.857 0.882 0.897 0.885 0.901
83 B 0.855 0872 0.885 0.902 0.589 0.905
24 Po 0.860 0.877 0.890 0.907 0.853 0.910
8 At 0.863 0.879 0.853 Q.909 0.8385 0912
8 Hn 0.885 0.881 08385 0811 0.808 0.914
a7 Fr 0.895 0.811 0.925 0942 0.926 0.944
8 Ra 0913 0.930 0.944 0.ss2 0945 0.962
82 Ac 0.916 0933 0948 0.965 0.948 0.955
S0 Th o7 0.935 ag: "< 0.966 0948 fad: "y 4
91 Fa 0911 0.928 0.942 0.960 0943 0.960
g2 1) 0.900 0.926 0.940 0.957 0.940 0.958




Table 3 The corection factor q for various Z and Z, combinations {continued)

Z ’ Xe W Au
Z2 Moliere Yamamura Moliere Yamamura Moliere Yamamura
1 H 0.844 0.860 0.835 0.850 0.809 G824
2 He 0.746 0.759 0.748 07583 0.732 0745
3 L 0.720 0.734 0.727 0740 0712 0.725
4 Be 0.915 0.932 0.895 0.913 0.866 0.882
5 B 0.902 0.918 0.885 0.902 0.857 0.873
g8 C 0.879 0.855 0.866 p.Ba2 0.840 0.855
7 N {.853 0.868 0.844 0.853 0.820 0.836
8 0O 0.831 0.848 0.825 0.840 0.803 0.818
9 F 0.807 0.821 0.803 0.818 0754 0.799
10 Ne 0782 0.796 0.781 0.796 0764 0.778
11 Na 0.870 0.836 0.853 0.875 0836 0.851
12 Mg £.890 D907 0.877 0.893 0852 0.868
13 Al 0.909 0.825 0893 0308 0.867 0.883
4 50 0.810 0.926 0.8%4 0.910 0.868 0.884
15 P 0.905 0.921 0880 0.908 0.B85 0.831
1% 8 0.901 0.917 0.886 0.902 0.862 0.877
17 Cl 0883 0.910 0.880 0.896 0.855 0.872
18 Ar 0.584 0.900 0.872 0.838 0.843 0.865
18 K 0940 0.957 0.820 0938 0.893 0.910
20 Ca D.959 0.975 0.937 0.954 0.908 0.925
21 Sg 0.951 0.968 0.930 0.947 0.903 0.920
2 T 0.942 0.959 0922 0.540 0.886 0.913
23 v 0.932 0.8549 0.914 083 0.889 0.905
24 Cr 0.941 0.958 0922 0.929 0.896 092
25 WMn 0.213 0.930 0.898 0915 0.874 0.880
2 Fe 0.902 0919 0.889 0.805 0.866 0.382
27 Co 0.892 £.809 0.880 0.897 o0.858 0.874
28 Ni 0.882 0.898 0.871 D.B&7 ¢.850 {.866
29 Cu 0.851 0.887 0.844 0.860 0.825 0.840
30 Zn 0.862 0.878 .854 0.870 0.834 0.850
N Ga 0.880 0.896 0.869 0.885 0.849 0.854
32 Ge 0.885 0.501 0.874 0.850 0.854 0.858
33 As 0.886 0.902 0.875 0.891 0.855 0.870
34 Se 0.888 0.904 0.875 0.853 0.856 0.872
35  Br 0.887 0.902 0.876 osg2 0.856 0.871
3B Kr 0.885 0.901 0.874 0.890 0.854 0.863
37 Bb 0.932 0.5458 0.918 0.933 0.892 0.508
3 Sr 0.952 0.970 0.933 0.951 0.905 0.825
38 Y 0.951 0.969 0.833 0.950 0.908 Q.525
44 Zr 0.949 0.966 0.931 0.948 0.906 0.923
41 M 0928 0.944 0812 0.829 0.880 0.808
42 Mo 0.823 0.939 £.808 0.525 0.886 0.802
42 To 0.937 0.854 0.921 0.938 0.898 0.914
44 Ru 0.915 0.932 0.802 0.918 0.880 0.897
45 HBh 091 0528 0.898 0915 0877 0.893
4 Pd 0.873 0.889 0.864 0.880 0.B45 0.851
47 Ag 0.888 0.805 0.878 0.8%4 0.858 0.874
43 Cd 0911 0.828 0.898 0815 0.877 0.894
49  In 0.526 0.943 2.911 0.928 0.889 £.906
50 Sn 0.932 0.949 0917 0.934 0.895 0.911
51 Sb 0.935 0.952 0.919 0.935 0.897 0913
52 Te 0933 0.958 0.923 0.340 0.200 0.917
53 | 0.940 0.957 0.924 0.941 0.901 0.518
54 Xe 0.940 0.957 D.924 0.941 0.902 0.918
5 Cs 0979 0.997 0.958 0.976 0.934 0951
5 Ba 0.098 1.018 0.975 0.953 0945 0.965
5 Lla 0.958 1.017 0.975 0.994 0.850 0.967
58 Ce 0.954 1012 0.971 0.980 0.846 0.983
59 Fr 0.988 1.006 0.967 0.985 0942 0.859
80 Nd 0.983 1.001 0.862 0.980 0.938 0.955
&1 Pm 0978 0.998 0.958 0976 0.934 0.951
62 8Bm 0.973 0.991 0.853 0971 0.8930 0.547
63 & 0.968 0985 0.849 0.967 0.926 0.5943
84 Gd 0.963 0.930 0.945 0.962 0522 0.939
65 Tb 0.958 0.975 0.84 0958 0.918 0.935
66 Dy 0.953 4.970 0.936 0.954 0.974 0.931
87 Ho 0.945 0.965 0.932 0.845 0.910 0.928
88 FEr 0.943 0.960 0.927 0.944 0.905 0.922
68 Tm 0538 0,855 0.923 0.840 9.902 e.ote
70 Yb 0.932 0.548 0.818 05935 {838 C.914
) Lu 0928 0.945 0914 0931 0.854 0.910
72 Hf 0827 0.844 4914 0.830 0.894 0910
7B Ta 0.928 0943 0912 0.929 0853 0.909
74 w 0.324 0.541 0.911 0.928 0.891 0.308
75 Re 0922 0.938 0.809 0.926 0.850 0.908
76 Os 0.899 0.918 0.889 0.905 0.871 0.887
77 I 0.875 0.891 0.867 0.883 £.830 0.865
78 Pt 0.889 0.905 0.879 0.896 0.862 0.878
79 Au 0.902 0918 0.891 0.908 0.873 0.889
80 Hg 0.911 0.927 0.893 0.916 0.880 0.895
s T 0.923 0.940 D.9t0 0.927 0.891 0.808
82 Pb 0931 0.947 0917 0934 0897 0.913
8 Bi 0.934 0.551 0921 0938 0.901 0.917
8 Po 0939 0.958 0.825 0.942 0.805 0921
85 At 0.942 0.859 0.827 0845 0.807 0.524
86 PRn 0.544 0.961 0.929 0.846 0.909 0.925
g7 Fr 0.976 0.994 0.8957 0.975 0.935 0.953
88 HRa 0.935 1.013 0.975 0.993 D.952 0.969
89 A 0.598 1.017 0978 0.998 0.854 0.972
9 Th 1.000 1018 0.873 0997 0.855 04873
=] Pa 0.933 1.011 0.973 0.991 0.850 0.967
a2 U 0.930 1.008 0.971 0989 0.948 C.965
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Table 4 The comparison between the g-values determined by the ICISS computer analysis and the

present g-values

Ion Energy (keV) Target ICISS-q q (theory) Ref.
0.5 Ni(001) 0.7 0.65 [15]
1.5 Ni(110) 0.6 0.65 [16]
1.5 Ni(110) 0.7 0.65 [17]
1.5 Cu(110) 0.7 0.63 [18]
0.6 Cu(110) 0.67 0.63 [19]
He* 5.0 Au 0.60 0.73 [20]
2.0 NiAI(111) 0.60 (Ni ) 0.65 [11]

0.60 (Al) 0.63
3.0 NiAK001) 0.7 (Ni) 0.65 [21]

0.7 (Al) 0.63
1.0 TiC 0.90 (Ti) 0.79 [22]
5.0 Si 0.735 0.61 [23]
1.0 Ag 0.70 0.67 [24]
50 Cu(110) 0.6 0.61 125]
1.0 NbC(111) 0.85 (Nb) 0.69 [26]
0.5and 1.0 Sn/Pt(110) 0.76 (Sn) 0.71 [27]

Lit 0.80 (Pt) 0.70
5.0 Au 0.70 0.71 [201
5.0 Au 0.735 0.71 [23]
50 NiS1,(001) 0.6 (51) 0.61 [28]

0.6 (Ni) 0.63
1.0 HfC(111) 0.70 (C) 0.54 291
2.5 Ni(001) 0.7 0.70 [15]
2.5 Ni 0.7 0.70 [30]
3.0 Ni(111) 0.7 0.70 [31]
5.0 Cu(110) 0.77 0.68 [19]
5.0 S/Ni(001) 0.63 (Ni) 0.70 [321

Ne* 0.72.(S) 0.70
5.0 Ag(001) 0.69 0.73 [33]
3.0 Ag(111) 0.62 0.73 [34]
2.0 Pt(111) 0.85 0.75 [35]
2.0 Au(110) 0.8 0.76 [36]
3.0 Pb 0.9 0.75 [31]
2.0 Cu(110) 0.65 0.76 [37]
Na 2.0 Pt 0.65 0.82 371
145 NiAl(100) 0.8 (Ni) 0.79 [38]

0.8 (A]) 0.80
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