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Lattice-constant and electron-affinity effects on negative-ion conversion in
atom—ionic-crystal-surface grazing scattering
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The effects of the lattice constant and electron affinity on the negative-ion conversion of a neutral atom
undergoing grazing scattering on an ionic-crystal surface over the complete velocity range were investigated.
Here, a comparison of negative-ion conversion of neutral O°-KC1(100),F°-KC1(100), and O°-KI(100) surface
systems shows that the pronounced difference in the efficiency of negative-ion formation between F°-KCI(100)
and O°-KCI(100) is caused by the large difference in their projectile electron affinities, whereas the difference
between O°-KI(100) and O°-KCI(100) is caused by the difference in their lattice constants.
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I. INTRODUCTION

The electron-transfer process plays an important role in
surface reactions. The interaction of an atom or an ion with a
metal surface [1-5] and a cluster [6,7] is explained by the res-
onant electron-transfer process, which has been demonstrated
previously [8—12]. However, for dielectric surfaces, experi-
mental and theoretical studies [ 13—19] on ionic insulator (oxide
and alkali-metal halide) surfaces have demonstrated that their
behavior is distinct from that of metals. For metals, charge
transfer is generally described by a jellium model [1-12],
and resonant electron-transfer processes are well understood
within this approximation [4,12]. However, for ionic solids, the
localized property of alternate positive and negative charges
requires a different description that involves a nonresonant
electron-transfer [13—16] process. Compared with the image
shift at a metal surface, the Madelung potential plays a key
role in the specific energy level shift of atomic states near
the surface [20]. Despite a variety of theoretical works on the
related negative-ion conversion mechanism, this process is not
yet adequately understood. One representative characteristic is
the unexpectedly high fraction of negative-ion conversions for
atoms under grazing scattering on an ionic-crystal surface [21].
Recently, we proposed a simple analytical model for the entire
velocity range of negative-ion formation on a typical AB-type
ionic-crystal surface by grazing scattering of natural atoms
[22], and we demonstrated the effects of image interaction,
Mott-Littleton polarization interaction, and effective crossing
number N on the final negative-ion formation.

Negative-ion conversion of neutral atoms on an insulating
ionic-crystal surface can be directly applied (1) to the design
of low-flux negative-ion beam sources [16], and (2) in space
research for the construction of neutral particle detectors [23].
The key step for these techniques is to choose the suitable
projectile-surface combinations that have a small electron-
capture energy defect and a small negative-ion detachment
probability. The electron affinity and the lattice constant were
generally being viewed as two directly important characteristic
parameters for a projectile-target combination. Investigation
of their influence on the final negative-ion formation has
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important practical significance. In this work, we demonstrate
the difference between the contributions of the lattice constant
and electron affinity to the negative-ion conversion of neutral
atoms for various projectile—ionic-crystal-surface systems.
The results are based on negative-ion formation on two alkali-
metal halide crystal surfaces as shown in previous experiments.

In this study, we considered F?, .-KC1(100), 0° -KCI(100),

gas gas
and OgaS—KIUOO) surface systems for three reasons. (1)
Experimental data regarding the yields of F~ and O~ ions
under grazing scattering of neutral atoms from KCI(100) and
the yields of O~ ions formed on KI(100) surfaces are available
[21]. (2) Significant differences occur in the electron affinity
between F~ (¢g- = 3.4eV [24]) and O™ (¢o- = 1.46eV [24])
ions. (3) Valence and conduction bands of the two crystals
show a similar structure and produce small differences [16].

This paper is organized as follows. In Sec. II, we briefly
recall the theoretical model and the contributions of three
interactions [point-charge (PC) energy defect, Mott-Littleton
(ML) polarization interaction, and image interaction] to the
electron-capture energy defect. In Sec. III, we present the
detailed calculation results, which focus on the actual electron-
capture energy defect (Sec. Il A) and the single-collision
negative-ion conversion probability (Sec. III B). In Sec. 1V,
we summarize the conclusions. Atomic units are used unless
otherwise stated.

II. ELECTRON-CAPTURE ENERGY DEFECT

A. Theoretical models

The alkali-metal halide ionic crystal has alternating +1 and
—1 charges distributed at the lattice sites of Alk™ and Hal ™,
respectively. For neutral A(g)as projectiles undergoing grazing
scattering along the (100) direction of KCI(100) and KI(100)
surfaces (shown in Fig. 1), the trajectories are a result of small-
angle scattering of projectiles with a large number of ions in the
surface plane, and they are nearly identical for all projectiles
[13]. The valence band of alkali-metal halide originates from
the Hal™(np, ,.) orbitals, and the valence-band electrons
are localized at the Hal™ sites [25]. Electron capture of a
projectile A(g)as from the surface of an alkali-metal halide
ionic crystal is closely related to the localized valence-band
electrons. Therefore, a series of sequential binary collisions of

©2016 American Physical Society


https://doi.org/10.1103/PhysRevA.94.052708

ZHOU, ZHOU, ZHANG, ZHOU, LI, LI, AND CHEN

@ Hal' @ Alk*

Incident Beam

(100) surface

FIG. 1. Sketch of the Agas projectile undergoing grazing scatter-
ing from an ionic-crystal surface [here, KCI1(100) or KI(100)], where
o and D represent the incident angle and diameter of the beam,
respectively. The direction of the beam is parallel to the (100) surface
axis channel.

the projectile with Hal ™ ions at the crystal surface treatment is
used here [26].
For the electron-capture reaction of a single collision,

Agds + Haldctlve site Agds + Haldctlve site (1)
From Ref. [22], the key electron-capture energy de-
fect between the initial (Agas + Hal . ite) and final
(Ags + Hal?, ... ...) States can be expressed as follows:
AER,v) = AEpc(R) + PvL(R) + Uimage(st)’ )
Equation (2) implies that the electron-capture en-
ergy defect AE(R,v) is composed of three parts:
(1) the PC-energy defect AEpc(R)=épa_, . —¢ Ap T
{Em(IR| = 0) — Em(R)}, where ey, - and e, are the

electron affinities in the free Hal ;. . and Ag ions,
respectively, where the terms in the bracket are the Madelung
potential created by the point charges at the Hal ;. e
[EM(IR] = 0)] and that at the point R[EM(R)], and R =
{X,Y,Z} is the position vector of the projectile relative to
the Hal, ;. site’ (2) the ML polarization interaction Py (R);
and (3) the image interaction Ujpage(Z,v). Note that (2) and
(3) are both produced by the field polarization of the crystal in
the final state of electron capture [27,28].

B. PC-energy defect A Epc(R)
The F°

oas“KC1(100), Ogas -KCI(100), and Ogas -KI(100)
systems, such as in Ref. [22], behave as (AEpc(X,Y,Z))s, =
s% [fs, AEpc(X,Y,Z)dXdY and  AEpc(X =Y =0,Z)
as shown in Fig. 2 by different types of lines. The
same conclusion of the approximation of AEpc
in § by AEpc(X=Y =0,Z) is obtained, where
S={—a/4 < X <a/4, —a/4 <Y < a/4} (a is the lattice
constant) indicates the effective Hal, . . area and Sp =
(=G —ra) S X< (G —ray) —(§—ra) <Y <(§ -
FAQ, )}, where FAY, is the radius of the projectile. The
actual electron-capture energy defect in the Hal ;. g
scale of S is the energy defect in Sp. In addition, the
comparison reveals that (1) the PC-energy defect [A EJZ(Z)
or AEpc(X =Y =0,Z) ] linearly increases with Z;
(2) 0.5 eV < AESKT — AESX < 0.8eV because of the
differences in the lattice constants; (3) large electron affinity
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FIG. 2. Both AERS(Z)=(AEpc(X.Y,Z))s=(AEpc(X.Y,2))s,
and AEpc(X =Y =0,2) as a function of the surface altitude Z
are displayed by different types of lines for O° -KCI(100), F° -

gas gas”
KCI(100), and Ogds -KI(100) systems, respectively.
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1.94¢V.
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C. ML polarization contribution Py (R)

The ML polarization effect correction for the final
(Ags + Hal’,, . ..) state electron-capture energy defect can
be obtalned from Refs. [16,26], and the anion and cation
polarizations of ag+ = 8.9604a.u. and ac- = 19.8822 a.u.
for KCI and ag+ = 8.9604 a.u. and aj- = 43.1967 a.u. for
KI are obtained from Ref. [29]. Because of the symme-
try of Pyp(—X,Y,Z) = Py(X, — Y, Z) = PuL(X,Y,Z), only
PyL(R)intheareaof {0 < X < §, 0 < Y < 7} with different
altitudes (Z = 3.0,3.5,4.0, and 4.5 a.u.) are presented in
Figs. 3(a)-3(d) for O,s-KCl and F,-KCl. The figure shows
that —1.0 < Pu.(R) < < —03 eV for Z values between 3.0
and 4.5 au. The average of PyrL(R) over X, Y in §
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FIG. 3. (a-=d) ML polarization contributions Py (R)
of F(g)as -KCI(100) and O, -KCI(100) ~within the surface
Hal .. s (here Cl ;.. ) scale S at the projectile-surface

altitudes of Z = 3.0,3.5,4.0, and 4.5 a.u., respectively.
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TABLE I. Image interaction parameters.

oo wi(cm™) wy(em™) 47 py 47 py Yi/wi Yi/wi
KI 2.7% 1028 316° 2.136° 0.276" 0.084 0.3
KCI 2.20b 189.5° 210.5° 0.0842° 0.0379° 0.1636° 0.0689°

2Reference [30].
bReference [32].

is (PuL(X,Y,Z))s = %ffs PuL(X,Y,Z)dXdY, —0.95eV <
(PmL(X,Y,Z))s < —0.5¢V for Z values between 3.0 and 4.5
a.u. This average is nearly equivalent to therange of —1.1eV <
(PmL(X,Y,Z))s < —0.6eV for O, -KI and F,-KI [22].

D. Image interaction contribution Ujpnage(Z,v)

The image interaction that occurs in the final
(Ags + Hal... ) State can be obtained by the surface re-
sponse presented in Ref. [30] with the two-oscillator dielectric
constant model [31]. The parameters required for the studied
systems are shown in Table I.

The calculated image interaction as a function of the
projectile’s incident velocity v and surface altitude Z for
ogaS-Kc1(100), Fgas-Kc1(100), and OgaS—KI(loo) collision
systems are displayed in Figs. 4(a) and 4(c), respectively.
For v < 0.08a.u. the small vertical energy component

E, [E gz'S(v < 0.08a.u.) < 0.925eV,E gz“(v < 0.08a.u.) <
0.779eV] should lead to a large closest-approach distance
of Z, which is not in the range of 2.0a.u. < Z < 4.0a.u..
Figures 4(b) and 4(c) present the projection of Ujmage(Z,v) in
the velocity range of v > 0.08 a.u. to four different surface
altitudes of Z =2.5,3.0,3.5, and 4.0 a.u. for the studied
systems. The magnitude of the image interaction Ujmage(Z,v)
decreases as Z increases and increases as the projectile velocity
v decreases within the focal range of v > 0.08 a.u.
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FIG. 4. (a) Three-dimensional plot of Uy as a function of
both the surface altitude Z and projectile velocity v. (b) Ujnqge as
a function of the projectile velocity v for fixed surface altitudes of
Z =2.5,3.0,3.5, and 4.0 a.u. Panels (c,d) are similar to panels (a,b),
respectively, except they display the O-KI(100) case.

III. RESULTS AND DISCUSSION

A. Electron-capture energy defect

Considering the ML polarization and image interaction
corrections presented above, the average energy defect
AE,.(Z,v) on the scale S of surface Hal__ (here,
Cl7or I” —) can be expressed as follows [22]:

active site

AEwe(Z,v) ~ AEpc(X =Y =0,Z) + (PuL(X.Y,Z)) 5

+ Uimage(Z’ v)a (3)

where AEpc(X =Y = 0,2) is the PC-energy defect at (X =
Y =0,2) point, (Pyr(X,Y,Z))s is the average ML polar-
ization interaction, and Ujmage(Z,v) is the image interaction.
Figures 5(a)-5(f) display the results calculated from Eq. (3).
The energy differences A Eyy.(Z,v) of the electron transfer
in the Ogas -KCI(100), Ogas-KI(IOO), and FgaS-KCI(IOO) Sys-
tems are displayed in Figs. 5(a) and 5(b), 5(c) and 5(d), and 5(e)
and 5(f), respectively. The electron-transfer energy defect
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FIG. 5. (a,c,e) Calculated average energy defects A Ey.(Z,v) on
the scale S of the surface Hal_,. ;. (C1”or I7) as a function of the sur-
face altitude Z and projectile velocity v for the O, -KCI(100), Oy,
KI(100), and Fgas KCI1(100) cases, respectively. (b,d,f) AE..(Z,v)
as a function of the projectile velocity v for fixed surface altitudes of

Z =3.0,3.5, and 4.0 a.u. for the three studied cases, respectively.

052708-3



ZHOU, ZHOU, ZHANG, ZHOU, LI, LI, AND CHEN

AE.(Z,v) increases rapidly with Z. This characteristic is
illustrated in Figs. 5(b), 5(d), and 5(f) where the results are
presented for different Z values (Z = 3.0,3.5,and 4.0 a.u.) and
the systems OgaS-KCl(loo) O;:,as -KI(100), and FgaS-KCl(IOO).

The electron-capture energy defect AE,.(Z,v) is smaller
in the Ogas-KI(lOO) case than in the OgaS-KCl(IOO) case
because the lattice constant of the KI crystal (¢ = 13.34a.u.
[21]) is larger than that of KCl(a = 11.9 a.u. [21]). Equation
(2) implies that the PC-energy defect A Epc(R) is governed by
the difference between the Madelung potentials at the active
sites and at the position R of the projectile. Considering the
characteristic size of the variation of the Madelung field is
determined by the lattice constant a, a smaller ratio of R/a
corresponds to a smaller difference in the brackets and a
smaller contribution of AFEpc(R) (see Fig. 2) to AE(R,v).
Although image interaction Ujpaee(Z,v) (Fig. 4) and ML po-
larization interaction Py (R) (Fig. 3) each substantially reduce
the energy defect AE,.(Z,v), the comparable magnitude
between both cases indicates that they play a negligible role
in the difference; therefore, the projectile velocity dependence
of AE..(Z,v) is dependent on the image interaction.

The smaller AE,.(Z,v) energy differences in the ngs

KCI(100) case compared to the Ogag -KCI(100) case are caused
by the electron affinity of free F,, (¢, = 3.4eV)[24], which

is more than two times larger than that of free Oy, (o, =
1.46eV) [24].

B. Single-collision negative-ion conversion

For a single-collision negative-ion conversion of the
incident atom with the surface Hal ;. ., Dy consider-
ing the trajectory statistics, the final probability of the
negative-ion conversion can be obtained by PSS“C(Z,U) =
2P:;§(Z v)[1 — Pyet(v)], where the electron-capture prob-
ability PS®(Z v) for neutral projectiles from the surface

cap
Hall ;.. sic 1 Obtained from Ref. [21] with the calculated
energy defect from Eq. (3). Py(v) represents the affinity
electron detachment probability. For an affinity electron
detachment, we consider the Coulomb tunneling loss dur-
1ng the Ag (Fg or Og,) ion interactions with a surface
Halg;.(Clg.or I;.), which is further discussed in Ref. [22].
The nonscreened Coulomb potential and the corresponding

calculated detachment probabilities of Fa. , (red solid line) and

Ogas (blue dashed line) ions are d1splayed in Figs. 6(g) and 6(h),
respectively. P;“e(Z ,v) represents the negative-ion conversion
probability of a neutral projectile lying in the (X,Y) plane at a
distance Z from the surface. Thus, the negative-ion conversion
probability for crossing a row of surface ions oriented along
the (010) channeling direction (vertical to the beam traveling
direction of (100)) is P{™™(Z,v) = 1 P§™(Z,v).

Figures 6(a), 6(c), and 6(e) display the relationship of
P§*(Z,v) with Z and v for O --KCl1(100), Ogas -KI(100),
and F(g)aS -KCI1(100) systems, respectively. Figures 6(b), 6(d),
and 6(f) show the projectile velocity dependence of the
negative-ion conversion probability [P;l‘e(Z ,v) ] in a single
binary collision for four representative values: Z = 3.0 (blue
dashed line), 3.5 (red solid line), 4.0 (green dashed dotted
line), and 4.5 a.u. (black short dashed line). The increase of
the surface altitude Z appears to reduce the electron-transfer
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FIG. 6. (a) Probability of negative-ion conversion for a collision
between O&as and aCl_,,. . atthe KCI(100) surface in a single binary
0 - 0 P
collision Og,g + Cl e e = Ogas + Cl,4ve site- The calculation is

performed within the effective region S of CI__,. .. at the KCI(100)
surface. The figure displays the dependence of the probability
P§®(Z,v) on the projectile velocity v and the surface altitude Z
as well as the projectile velocity dependence of the negative-ion
conversion probability [PS““E(Z ,v)] in a single binary collision. Four
representative values of the surface altitude, Z = 3.0 (blue dashed
line), 3.5 (red solid line), 4.0 (green dashed dotted line), and 4.5
a.u. (black short dashed line), are displayed. Panels (c,e) and (d,f)
are similar to panels (a,b), respectively, except they display cases
of a single binary collision of OY + Leivesic = Ogs + Ltive sie
and Fgas + Cligive sie = Faus CL e site- (@) Tunneling dynamics for
the potential V(R) = 1/R. The classically allowed incoming and
outgoing trajectories with the energies E; and E,, respectively, are
indicated by the blue dashed lines, and the tunneling is indicated
by the green solid line. (h) Tunneling detachment probabilities for
O, + Clg (or ) — 0% + e~ + ClI; (or I5,) (blue dashed line)

gas site gas
and FZ 4+ Cl;, — F° + e~ + CI (red solid line).

gas site gas site

site

probability and shift the velocity thresholds for negative-ion
conversion to larger values. This effect is attributed to the fact
that the electron-transfer energy defect A E.(Z,v) increases
rapidly with Z.

For the Ogas KI(100) system, the single-collision negative-

ion conversion probability P§'(Z,v) resulting from Ogds
Iactive site g O;iﬁ + IaCthC site [Flgs 6(C) and 6(d)] ls larger
+ Cl, — O, +CL

active site gas

than that resulting from O°

gas active site
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[Figs. 6(a) and 6(b)] for the ogas-Kc1(100) case. This result is
explained by the larger lattice constant of the KI crystal (agx; =
13.34 a.u. [21]) compared to that of the KCI crystal (agxc) =
11.9a.u. [21]). As discussed in Sec. IIT A, a large lattice
constant corresponds to a small PC-energy defect A Epc(R)
[which is observed in Fig. 2, where 0.5eV < AESXCI(R) —
AESKI(R) < 0.8eV for 2.0a.u. < Z < 5.0 a.u.]. Therefore,
a pronounced large energy defect difference will directly lead
to a more efficient electron-capture probability PS(Z, v)

cap
for Ogas-KI(IOO) than for Ogas-KCKlOO) and a larger single-

collision negative-ion conversion probability PSS“e(Z ,v) of the
0% -KI(100) case.

gas

For FY,-KCI(100), the single-collision Fy,. + Cli_.c e —
Fos + Cl e hegative-ion  conversion  probability

PSS“E(Z ,v) [Figs. 6(e) and 6(f)] is substantially greater than
one order of magnitude larger than that of the single-collision
Ogas + Cla_ctive site ~7 O;is + Clgctive site for the Ogas'KCI(IOO)
case [Figs. 6(a) and 6(b)]. This result is attributed to the
large electron-affinity difference of the neutral Agas projectile

(spg—as > 2803—35) because (1) the large Fgas ion electron affinity
leads to a significantly smaller electron-capture energy defect
for F _-KCI1(100) [see Figs. 5(e) and 5(d)], which naturally

gas

provides a larger electron-capture probability Pg;;f(Z,v) than

that of the Ogas-KCI(IOO) case; and (2) the large F,,  ion
electron affinity also leads to a remarkably small detachment
probability Py (v) of the outer loosely bound affinity electron

as displayed in Fig. 6(h) (red solid line).

C. Comparison of the theoretical and experimental results

The negative-ion fraction P(N) for an incident beam
crossing N rows of surface ions obeys the differential equation
dP(N)/dAN =[1 — P(N)]Ps*"(Z,v). Substituting this equa-
tion into the initial condition of P(N = 0) = O for a neutral
projectile incidence, the final negative-ion fraction P(N) =
1 —exp[—P5™(Z,v)Nlis obtained. Combine the calculated
P (Z,v) = %(Ps‘“te(Z,v))z within Z values of 2.0a.u. <
Z < 5.0a.u.; see Fig. 7(d) [the contribution from the Z >
5.0 a.u. range is negligible and can be found in Figs. 6(a)-6(f)];
the calculated final negative-ion conversion probabilities of
the Ogas and FO  atoms after grazing scattering from both
the KC1(100) and KI(100) surfaces, which are displayed in
Figs. 7(a)-7(c), with the available experimental data (black
solid symbols) from Ref. [21]. Our approach provides a good
description of the entire velocity range of the experimental
data caused by increases of the average single-collision
negative-ion conversion probability (PSSi‘e(Z ,0))z from the
0% -KCI(100) to F° -KCI(100) cases [see Fig. 7(d)]. The

gas gas
final negative-ion yields increase from Og,-KCI(100) to F,.-
KC1(100) as shown in Figs. 7(a)-7(c). Accurately determining
the projectile-beam crossing number N related to the projectile
trajectory calculation is beyond the scope of this work.
Moreover, the attempts by Borisov et al. [14] to estimate
the effective crossing number by N ~ 2d /(a tan ) failed to
determine d, where d represents the range from the closest
approach distance to the surface that received the greatest
contributions from the trajectories. While the same as in
Ref. [22], one can roughly estimate the range of N by this
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FIG. 7. (a—) Comparison of the negative-ion yield versus the
projectile velocity as measured for Og,.-KCI(100), O, -KI(100), and
FgaS—KCI(IOO) [21] for an incidence angle o &~ 1° as indicted by
a = 1°. Black solid symbols in (a—c) represent experimental data
[21] for three studied systems. The present theoretical results were
displayed in (a—c) by different types of lines with the effective
crossing number of Noy, ke = 18 — 24, Noy, x1 = 10 — 16, and
Nio, ka1 = 4 — 9, respectively, for Ogas-KCl(IOO), Ogas-KI(IOO), and

Fg()aS—KCI(IOO) systems. (d) The calculated results of (P;i‘e(Z ,0)) 7
for P§"°(Z,v) average over surface altitude Z values within the
2.0a.u. < Z < 5.0a.u. range, where the green dashed line indicates
0% -KCI1(100); the blue solid line, 0%, -KI(100); the red short dashed

gas gas

line, F2, -KCI1(100).

> 7 gas

formula within a typical range of d < 2.0a.u., hence, for
the present three studied systems, No.kc1 < 19, Noxi < 17,
and Npxc < 19, respectively. Here, to further show the
effects of different values of effective crossing number N,
NO—KCI =18 — 24, NO-KI =10 — 16, and NF-KCI =4 —9 for
OgaS-KCl(IOO), Ogas-KI(IOO), and FgaS-KCI(lOO) are, respec-
tively, displayed in Figs. 7(a)-7(c) by different types of lines.
The small increase of the final negative-ion fraction with
the effective crossing number N implies a weak dependence
on N. Additionally, for F? -KCI(100) comparing with both

gas
OgaS-KCl(IOO) and OgaS-KI(IOO) cases, the observed relatively
larger increase of the negative-ion fraction AP = P(N+1) —
P(N) with AN =1 resulted from the remarkable large
average probability (P§"(Z,v)) for the Fy, -KCI(100) case.
Notably, the large difference of N(Npkci < Nox1 < Noxkci)
may also be accounted for by the increase in the single-
collision negative-ion conversion probability PSSi‘e(Z,v) [or
average probability (P;i‘e(Z ,v))z ] from the OY -KCI(100)

gas

to Fgas—KCI(IOO) cases [see Figs. 6(a)-6(f) and Fig. 7(d)].
For v > 0.3a.u., the observed near-equal negative-ion
formation fractions for the three studied systems shown
in Figs. 7(a)-7(c) are caused by the dominant role of the
negative ions formed in the detachment process in this

velocity range and their (O, and Fg, ) small difference in the
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detachment probability Puei(v) [A Pt = Pl (v > 0.3a.u.) —
PE, (v > 0.3a.u.) < 0.1; see Fig. 6(h)].

When compared to our previous study reported in Ref. [22],
this work clearly reveals the following:

(1) the quantitative difference of the final negative-ion
yields that result from the difference of the electron affinity
between different projectile atoms; see Figs. 7(a) and 7(c).
To be more specific, we show (I) the effect of the electron
affinity on the electron-capture process which is due to
its contribution to the electron-capture energy defect; see
Fig. 2, which shows the point-charge energy defects difference
AERREY — AERXEY = ep- — g0~ = 1.94eV of 0, -KI(100)
compared with that of the OgaS—KCI(IOO) case; (II) the effect
of the difference of electron affinities (eg- > 2gp-) on the
negative ions’ detachment probabilities; see Fig. 6(h).

(2) the large influence of the final negative-ion yields by
a small change in the lattice constant. This can be observed
by comparing Of,-KCI(100) with O, -KI(100) systems; a
small change in lattice constant (Aa = ag; — akc; = 1.4a.u.)
leads to an obvious change of the point-charge energy
defect contribution to the final electron-capture energy
defect (seen by 0.5eV < AERS' — AEEL < 0.8eV
(Fig. 2) relative to that of Ogas-KI(IOO) [1.7eV <
AE9K(3 0au. < Z <4.0au.,0.08a.u. < Z <0.55au) <

ave
23eV  (Fig. 5] and 0%-KCI(100) [2.7eV <

AEORA (3 0au. < Z <4.0au.,0.08a.u. < v < 0.55a.u.)
< 3.3eV (Fig. 5)], respectively). Therefore, it finally leads
to an obvious difference of the negative-ion fractions for
OgaS—KCl(lOO) comparing with the Ogas—KI(lOO) case; see
Figs. 7(a) and 7(b).
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(3) When comparing with electron affinity, the sensitivity
of the lattice constant makes it play a dominate role in the final
negative-ion formation.

IV. CONCLUSIONS

In this study, negative-ion conversions were performed for
neutral O° and F° atoms under grazing scattering on both KCl
and K1 crystal surfaces over the entire velocity range. We found
that the pronounced difference in the efficiency of negative-
ion formation for F°-KCI(100) and O°-KCI(100) surfaces
is attributed to large differences in the projectile electron
affinity, which leads to (1) a larger electron-capture energy
defect for O°-KCI(100) than for F°-KCI1(100), and (2) a larger
negative-ion affinity electron detachment probability formed
for O°-KCI(100) than for F°-KCI(100). For O°-KCI(100)
comparing with O°-KI(100) the difference can be explained
by the differences in their lattice constants because the larger
lattice constant of a KI crystal corresponds to a smaller PC
electron-capture energy defect contribution to the final energy
defect during the electron-capture reaction, which produces a
larger electron-capture probability. This work will be useful in
profound understanding of negative-ion conversion by neutral
atoms grazing scattering from an ionic-crystal surface and its
technical applications.
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