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Electron scattering factors of ions and dynamical RHEED from surfaces of ionic crystals
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Electron scattering factors of ions are represented in a parametrized form which separates the diverging
Coulomb term due to ionic charge from the contribution of the screened atomic field. Using this representation
it is shown how dynamical reflection high-energy electron diffracflRRIEED) calculations can be performed
for ionic surfaces using conventional numerical techniques. Following the classification of ionic surfaces
proposed by TaskdiSurf. Sci.78, 315(1979], we analyze the effect of ionicity on RHEED intensities for
three classes of ionic surfaces. In the first case both positive and negative ions are located in the same plane and
this leads to the cancellation of long-range Coulomb contribution to the crystal potential. The second class of
ionic surfaces consists of layers of ions having net nonzero charge. lonic layers may be grouped into repeat
units of planes of the fornfanion-(cation-(anion characteristic of th€111) surface of the fluorite structure
so that each repeat unit satisfies the charge neutrality condition and also has zero net dipole moment perpen-
dicular to the surface. For this class of surfaces the Coulomb term leads to unusual features in the distribution
of the potential in the crystal. The third type of the termination of an ionic crystal lattice gives rise to a
sequence of repeat units characterized by a nonzero net dipole moment resulting in a divergent behavior of the
potential. Our calculations show that charge transfer between lattice sites occurring in an ionic crystal affects
very substantially the form of RHEED rocking curves. The effect can be interpreted in terms of the change in
the effective inner potential. This in turn can be used for quantitative determination of the degree of charge
transfer occurring in the surface layer of an ionic crygt@D163-18208)00111-§

I. INTRODUCTION the O site, and that the ionic model of MgO crystal provides

In recent years quantitative reflection high-energy elec? good description of bondiri. On the other hand in a

tron diffraction (RHEED) studies have been carried out by regent expenmepta! study of Ni(Ref. 1] it was found that'
: . neither the pure ionic model nor the neutral atom model give
an increasing number of research groups around the world, .
X . réasonably accurate explanation of the observed effects. By
However, in all the cases studied so far the surfaces were . . L
mixing neutral atom and ionic models the crystal ionicity
Bvas determined to be close to 0.3 suggesting that the degree
of charge transfer in NiO is significantly smaller than in
MgO. A general scheme therefore needs to be developed for
carrying out dynamical RHEED calculations for the surface
of a crystal composed of neither pure ions nor of neutral

atoms but rather of charged objects representing a mixture of

tion known to us is the study of thd&11) surface of calcium
fluoride CaR, by Yakovlevet al! who noted that the distri-
bution of charggand hence the crystal potenjiah an ionic
crystal may differ from that of the neutral atom model and
who pointed out that in principle'!.. analysis cannot be
done simply by substituting ionic scattering factors for L .
. ) . - neutral atom and ionic charge densities.
atomic scattering factors in an existing RHEED program. . . .
Instead, it is necessary to solve the Poisson equation to en- _In this paper we show hOV.V a suitable aljalytlcal represen-
sure that the scattering potential vanishes in the vacuum.*ation of th_e electron scattering factors of ions can be Intro-
Following this work, quantitative RHEED study of surfaces duced. This representation en_ables one to f°”°V.V a simple
of ionic crystal was regarded to be one of the challenges ifcheme of constructing scattering potential for an ionic crys-
the field of diffraction of high-energy electrons by crystals.tal- If _the geometry of lattice te.rm|nat|on §at|sf|es certain
The authors of Ref. 1 suggested that RHEED may alloweonditions formulated _by Tasker in Ref_. 12, it can be shown
determination of the surface structure of fluorides after calthat the crystal potential evaluated using the new approach
culation and fitting procedures have been developed to de¥Rnishes in the vacuum region above the surface. The pro-
with ionic potentials. posed representation of the crystal potential may be readily
In transmission electron diffractiof TED) significant ~combined with the existing many-beam computational
progress has been made in understanding the nature s€hemes for calculating RHEED diffraction intensities. We
chemical bonding for a range of technologically importanthave considered two examples illustrating how ionicity in-
materialé~° including the recently studied case of an ionic fluences RHEED rocking curves. We also propose a simple
crystal(MgO).1° In this latter case it was found that in MgO scheme for analyzing effects of charge transfer at the surface
two valence electrons are transferred from every Mg site t@f an ionic crystal.
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II. ANALYTICAL REPRESENTATION Direct Gaussian fitting of f*(s)
OF ELECTRON SCATTERING FACTORS OF IONS ; ;

Fitted curve, O°
o Numerical data, Mg*
e Fitted curve, Mg™

For dynamical electron diffraction calculations in general
and for the calculation of RHEED intensities in particular,
the most suitable way of representing atomic scattering fac- 100}
tors consists in fitting them to a sum of Gausstans

20.0 -T % Numerical data, O
Mg+2

)

0.0 h - % - fpui-B B BB &
f(e)(s)=; ajexp(—b;s?), (1) 2
100} |©

where s=2xksing=siné/\, 6 being the angle of scattering
and\=2m/k being the electron wavelength, aad andb; 200 . . .
are fitting parameters. For the case of neutral atoms thes “0.0 0.5 1.0 1.5 2.0
parameters are now known for all the elements of the Peri-(a) s
odic Table!* Assuming that the potential of interaction be- @

Gaussian Fitting of f"(s)

tween the incident electron and the crystal can be approxi- sg
mated by the sum of potentials of individual atoms or ions,
and using the mixed real and reciprocal space

Numerical data, O

g . ) 5 ]
representatiof?'*® we obtain 0N o2 o Fitted curve, 0°
- Numerical data, Mg

* Fitted curve, Mg*

V(R.Z)=§ Vs(z)exq(iG-R), 2) 3.0

(9)(5)

whereG denotes a two-dimensional reciprocal lattice vector = 2.0
parallel to the surface andg(z) is given by

1.0
[ +
j,n b

2

47h
Ve(2)=— —-iG-R,
s(2) SomonZJ exp — i ) -

bj ,G? ;{ 4 , 0 ' s
Xexp — — exg — 72— . (3
F{ (477)2 bj’n ( n) ( )

FIG. 1. Numerical and fitted electron scattering factors for O
In Eq. (3) my is the rest mass of the electrdnjs the Planck and N+ uS(ng (a) direct Gaussian fitting anb) finite Gaussian
constantS, denotes the area of a surface unit cell, and thd!ting for fo (s) with tgg)dlvc_arg_ent ‘?Ontr'%t'on of ionic charge
summation oven is carried out over all atoms in the surface Zupltraded' In the figurE™(s) is in units of A ands is in units of
unit cell. Effects of thermal diffuse scatterif@DS) and '
other forms of diffuse scattering may often be treated usingt follows from Eq. (5) that ass approaches zero the scatter-
first order perturbation theory giving rise to the imaginarying factor diverges as-(Z—Z,)/s?.
part of the potential/ 20142122 Electron scattering factors of ions have been calculated
The amplitude of scattering of high-energy electrons bynumerically and tabulated by several authors including
an ion is different from that of a neutral atom. For x-ray poyle and Turnef* Cowley?® and Rezet al?® In principle
diffraction, the atomic scattering factors of both neutral at-ab initio numerical values obtained by the above authors
oms and ions satisfy the condition that may be fitted using the same analytical foth as for neu-
e £(X) tral atoms. However, since expressiti does notdiverge
Zo=1lim%(s), @ for the zero angle of scattering as it should do for an ion, it is
s—0 . - . . .
not suitable for accurate fitting of ionic scattering factors. It
where Z; is the number of electrons per atom which canmay be argued that since a crystal is always composed of
either be in a neutral or in a charged ionic state. For a neutrglositive and negative ions, contributions due to the excess
atomZ,=Z, Z being the atomic number of the atom. For anand deficiency of charge on the positive and negative ions
ion Z,#Z, and the difference between the two quantitiesare always exactly cancelled for the zero angle of scattering,
represents the excess or deficiency of charge on the nucleasd therefore the precise value of linyf(®(s) for ions is
resulting from charge transfer associated with the formatiorunimportant. Following this logic one may suppose that the
of chemical bonds in the crystal. The atomic scattering factowalues of f(®(s) may still be fitted using Eq(1) without
for electron diffraction is related to that for x-ray diffraction introducing any significant error in dynamical electron dif-

by the Mott formul&® fraction calculations. However, it is easy to demonstrate that
it is not so. In Fig. 1 is shown an example of Gaussian fitting
(@) g mee? Z—fX)(s) 5 performed for O% and Mg ions. It is seen that fitting
(s)= 8722 2 ' ) appears to give good results everywhere except for the re-

gion of smalls<0.05. Below we show that it is this interval
wheree is the electron charge. For an ion where the numbebf values ofs which plays an essential part in dynamical
of electrons is not equal to the charge of the nucl@esZ,, RHEED calculations. This leads to the conclusion that al-
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TABLE |. Parameterization of the electron atomic scattering factors of ions.

Element Z a; a, as a, as b, b, bs b, bg

02 8 042E-1 0.21E+0 0.85E+0 0.18E+1 0.11E+1 O0.60E-1 O0.55¥€+0 0.29€+1 0.11FE+2 0.37E+2
Mg?* 12 0.21E-1 0.67E-1 0.19€+0 0.36E+0 0.17£+0 0.33E-1 0.22E-+0 0.83E+0 0.24E+1 0.67E+1
Ni2* 28 0.33&+0 0.98E+0 0.13E+1 -0.35€+1 0.36E+1 0.23E+0 0.16E+1 0.57E+1 0.11&£+2 0.12E+2
Ut 92 0.10E+1 0.23E+1 0.12€E+2 -091E+1 0.21F+1 0.24E+0 0.17F&+1 0.77€E+1 0.83E+1 0.16E+2

though straightforward fitting of electron scattering factorsVg(z) resulting from this term therefore takes the form

by a sum of several Gaussian terms may serve as a goathich is identical to expressiof8) and which vanishes in

approximation for the majority of applications in transmis- the vacuum region outside the crystal.

sion electron diffraction(in transmission case scattering  The contribution to the potential resulting from the second

through zero angle influences all the diffracted beam ampliterm of Eq.(5) describes effects associated with long-range

tudes equally resulting in the same phase factor for all th&€€oulomb field giving rise to the real-space term of the form

beams, this procedure is certainly not sufficiently accurate

in the case of RHEED where scattering through zero angle eAz

manifests itself as refraction of electrons at the surface. Ag(r)= o @)
The examination of the origin of the divergent behavior of . o ]

the electron scattering factor of an igsee for example The corresponding contribution ¥g(2) is

Doyle and Turnéf) shows that the divergent part arises ore? 1
from the contribution of unscreened long-range Coulomb po- AVg(2)=— cme _Z AZ.exd —iG-R,—G|z—z,|],
tential. This may be readily demonstrated by rearranging Eq. S n
(5 as (8)
f
mee® Zo—fX(s) mee? AZ or G#0 and
R e BRI e ) 2me?
AVy(2)= S ; AZnlz— 2z, 9
e mee®> AZ . _ N _
=fo'(s)+ — (6) It should be pointed out that in deriving the above expression

8mh? 2’ - o
for AVy(z) we used the condition of charge neutrality, i.e.,

whereAZ=Z—-2Z, represents the ionic charge and the sec=nAZ,=0. If we define the positive direction of axis as
ond term on the right-hand side represents the Coulomb paRointing outwards then at a certain distance above the crystal
of the scattering factor. The first term in the right-hand sidesurface for allz, we havez>z, and
[i.e., fge)(s)] results from scattering of electrons by the
screened atomic field. The conditiofd) ensures that AVy(2)=—
fge)(s) remains finite in the limits—0. Figure 1b) shows So

numerical values of(s) for ions of Mg?* and0?” and |y gyper words, the value of the potential in the vacuum is
the fitted curves of {(s) obtained using linear combination nroportional to the projection of thetotal dipole moment of
of Gaussia_mél).. Itis seen that.for all the angles of sg:attering the crystalS,AZ,z,. Depending on the geometry of termi-
the Gaussian fit exhibits a high degree of numerical accunation of the crystal lattice we can identify three distinct
racy. Table | contains sets of five fitting parame®&randb;  classes of ionic surfaces. The first case corresponds to the
for ions of Mg™*, Ni**, U**, and G~. A more extensive sjtuation where both positively and negatively charged ions
table giving fitting parameters for 106 ions spanning over theyre |ocated in the same atomic plane, examples being the
entire periodic table will be given separatélyThis table  (001) and(110) terminations of the sodium chloride structure
may also be obtained through Lian-Mao Peng via electroni¢y the (110 plane of the fluoride structurgsee Fig. 2)].
mail from Impeng@Implab.blem.ac.cn For each plane,= const and the projection of the dipole
moment vanishes, i.e.,

2mre?

> AZ.z,. (10)

Ill. THE SCATTERING POTENTIAL
OF AN IONIC CRYSTAL 1= AZ.z —consd AZ,=0.
An analytical expression fov;(z) may be obtained fol- " "
lowing a procedure similar to that leading to E8). In EQ. | the vacuum region above the surface the potential rapidly
(5 we represented the electron scattering factor of an ion byoes to zero, and this case presents no particular difficulty to
a sum of two terms where the second term is the contributiogynamicm RHEED calculations. In the second case positive
due to the ionic charge and the first tefi§?(s) is the con-  and negative ions are located in different atomic planes so
tribution from the remaining screened atomic field. As it wasthat each atomic plane parallel to the surface is charged, but
already shown above, the terfﬁe)(s) remains finite for all  the total dipole moment of the repeat unit still vanishes. Ex-
angles of scattering and it can therefore be fitted accuratelgmples of this type of termination of the crystal lattice in-
by five Gaussians following Eqg(1l). The contribution to clude the(111) surface of the fluoride structure provided that



7262 L.-M. PENG, S. L. DUDAREYV, AND M. J. WHELAN 57

(100) Surface surface. In a real crystal the tendency towards lowering the
surface energy also leads to surface reconstruction and/or to
the generation of surface defects. One of the possible sce-
narios involves the formation of differently terminated steps
exposing regions of oppositely charged surface plahes.
Therefore, in any realistic situation the total dipole moment
of a repeat unit associated with a particular termination of the
crystal lattice must vanish to eliminate the divergent behav-
ior of the potential in the limit of large thickness of the
crystal slab. In should be noted that surface reconstruction
may lead to the appearance sifrfacedipole moment and
may therefore influence the apparent magnitude of the inner
potential of the crystal seen in experiments on refraction of
electrons by a crystal surface.

On a purely numerical basis the crystal potential of an
ionic crystal can be calculated using a three-dimensional su-
per unit cell. The size of the super unit cell in the plane
parallel to the surface equals the size of the surface unit cell,
and it may be arbitrarily large in the direction normal to the
surface. Using the super unit cell the potential can be calcu-
lated using conventional Fourier expansion both in the plane
of the surface and in the direction normal to it. The Fourier
components of the three-dimensional potential are givéf by

h? 4m :
9" " 2mg 32' f{¥(s)explig-ri—B;s?), (1)

\Y,

FIG. 2. lonic model for thga) (100), (b) (110, and(c) (111
surfaces of the fluoride structure. In this figure the lighter ion cor-
responds to the anion, e.g.*Uion in uranium dioxide, and the
darker ion corresponds to the cation, i.e%™0

where( is the volume of the super unit cely=4s and
g=(G,7) is a three-dimensional reciprocal lattice vector and
r; is the coordinate of théth atom.B; is the Debye-Waller
temperature factor which is assumed to be isotrdfac the
general anisotropic case see Ref),2¢hd the summation is
the surface is terminated on the anion pf#ieee Fig. 2o)]. carried out over all atoms within the super unit cell. After all
In the fluoride structure atomic planes consist of neutrathe component¥, have been calculated, the real space po-
anion-cation-anion repeat units in the direction perpendiculatential distribution can be obtained by using the inverse Fou-
to the (111) plane, such as an? —U*t —02?~ unit in rier transform. FolVg(z) given by Eq.(3) we obtain

uranium dioxide or E= —Ca&* —F'~ unit in calcium fluo-

rite. For each unit the total dipole moment is equal to zero VG(z)zz Ve expifz). (12
and the scattering potential vanishes in the vacuum region. 4

Dynamical RHEED calculation can again be performed usAs before, we separaté(z) into two parts, namely, the
ing one of the conventional numerical techniques althougltontribution due to ionic chargaVs(z) and the remaining
care needs to be taken of the correct representation of theart associated with the screened atomic fiéldz). While
relevant Coulomb terms. the contribution resulting fronhge)(s) always remains finite,

In the third case positive and negative ions neither lie inthe part of the potential associated with the presence of ionic
the same plane nor the total dipole moment of a repeat ung¢harge may give rise to divergent terms. For the termination
of ionic planes is equal to zero. Although the choice of cellof the crystal lattice satisfying the condition of charge neu-
(and hence the dipole moment per g&l not unique, calcu- trality and having zero total dipole moment, the averaged
lations for finite slabs will give the same total dipole momentpotential is given by
(independent of choice of cellExamples of this case in- P
clude the(100 surface of the fluoride structgrﬁsee Fig.  AVy(z)=>, AV%expisz)+
2(a)] and the(111) surface in the sodium chloride structure. /#0 47}
In uranium dioxide the repeat unit along thE00 direction (13
consists of two ionic planes, i.e., 20 —U**, and for this  In Fig. 3 is shown the averaged potential distribution calcu-
repeat unit the total dipole moment has a finite value. As dated for (100 surface of nickel monoxide for the primary
result, the crystal potential diverges as the thickness of thbeam energy of 200 keV. The super unit cell was chosen to
crystal slab increases. Other physical quantities also showe four times larger than the projection of the bulk unit cell
divergent behavioffor example, the surface energy of the of NiO crystal on the/100) direction, and within this super
(100 surface of UG is infinite'?] and this makes simple unit cell only the central part was assumed to be occupied by
termination of the bulk structure impossible. This tendencyNi?* and G~ ions. In many-beam dynamical RHEED cal-
can be formally eliminated by choosing a suitable surfaceculations described below the region between0.0 and
reconstruction, for example in the case of th€0 surface z=7.294 A was treated as the surface region and the remain-
of UO, this can be achieved by transferring a half of the toping part of the super unit cell lying betweer7.294 A and
oxygen layer from one surface of the crystal slab to the othefl1.462 A was employed to approximate the behavior of the

> AZ(8m°Z+B;).
I
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Averaged potential of NiO, (001) surface RHEED from NiO(001), 200keV

15.0 : 1.0
—— Neutral atom model —— Neutral atom model
e |onic model 1 - fitting of f,(s) 0.8 /34— lonic model
-=--~- lonic model 2 - direct fitting of f(e’(s) %
50| i
_ 0.6 ‘l
------ ~ -~ - 2ty 7,y e L_I.o i
— 04 | 1
-
2 5ot !
> 0.2
0.0
-15.0 |
04 |
0.3
-25.0 ‘ ‘ ‘
0.0 5.0 10.0 15.0 20.0 =
z (angstrom) L o2
FIG. 3. Averaged potential distribution of a single crystal of 01
NiO, with the potentiaVy(z) in units of electron volts. The projec-
tion is along[010] direction, and the potential was calculated for 0'010.0 15.0 20.0 25.0 30.0
200 keV primary beam energy. Angle of incidence (mrad)

potential in the crystal bulk. Figure 4 shows the variation of F!G- 5. Calculated RHEED rocking curves f@ the specular
the potential averaged in the plane of the surface for théeflected beam andb) the (20) side beam using a neutral atom

. del(solid line) and an ionic modeldotted ling. The calculations
111) surface of UQ. The surface of the crystal is assumed "° )
t(o bL terminated %y a layer of oxygenzgions. Curves vere made for 200 keV primary beam energy, the0) surface of

. . . A ingl tal of NiO and a b imuth al¢fg1]. Th -
shown in the figure illustrate the distribution of the averagea single crystal of NiO and a beam azimith al¢0g1]. The guan

ial calculated for th | del of th Lities plotted in the figure are the absolute amplitude of the
potential ca cu f”‘te or the neutral atom model of the crysta pecular reflected beam amplitud&,| and (b) the (20) size beam
and for the ionic model of the crystal. In the latter case th

o o Gmplitude|F .
contribution due to ionic charges and that due to the screened
atomic field are shown as separate quantities. Although ifom the (100 NiO surface shows that this scheme works

this casez— projections of negatively charged layers O \yell in describing electron diffraction by planes parallel to
ions and positively charged layers of Uions do not coin-  the surfacél

cide, the crystal as a whole still satisfies the condition of
charge neutrality and has vanishing total dipole moment per-
pendicular to the surface. As a result, contributions from
positively and negatively charged planes cancel and the po-
tential vanishes in the vacuum region above the surface. In a Once all the Fourier components of the potential(z)

more general case where a crystal is characterized by dmve been evaluated, dynamical RHEED calculations may be
intermediate degree of ionicity the electron scattering fac- readily performed using the existing RHEED routines, see

IV. THE EFFECT OF CHARGE TRANSFER
ON DYNAMICAL RHEED ROCKING CURVES

tor entering Eq(11) may be expressed as for example, Refs. 30,31,13,32,22. Figure 5 shows two
RHEED rocking curves calculated for the primary beam en-
fO(s)=(1—a)f & afS) + afE(s), (14)  ergy of 200 keV for thg002) surface of NiO. Electrons are

incident on the surface in the direction of th@10] zone
wheref(,.(s) andf{$)(s) are scattering factors of neutral axis, and the two curves shown in the figure were calculated
atoms and their ions, respectively. A recent study of RHEEQusing the neutral atom and ionic models fay the specular

reflected beam antb) the side(20) beam. An examination

Averaged potential of UO,, (111) surtace of this figure shows that the transfer of charge from Ni to
—— Neutral atom model | ' oxygen ions results in a shift of rocking curves towards the
150 [ Contribution from f,”(s) 1 region of higher angles, and this finding is consistent with
277 Contribution ffom fonc charge what can be expected from the analysis of the distribution of
SOt 1 crystal potential shown in Fig. 3. Figure 3 shows that the
< AN TAN TAN STAN S transfer of charge between ions leads mainly to the decrease
T 807 of the inner potential. It has a less dramatic effect on the
> 150 shape of the potential. Since the smaller value of the inner
e potential is equivalent to the reduction of the refraction in-
250 | dex, the main effect of the charge transfer on RHEED rock-
ing curves is therefore associated with the shift of all diffrac-
350 tion features towards the region of higher glancing angles as

0.0 50 100 15.0 20.0 shown in Fig. 5.
z (angstrom) Figure 6 shows two RHEED rocking curves calculated for
FIG. 4. Averaged potential distribution of a single crystal of the (111 surface of uranium dioxide U® Electrons are

UO,, with the averaging being carried out parallel to tfiel1) incident on the surface in the direction of thm_12] zone
surface. axis, and Figs. @& and &b) show the calculated intensities
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‘o RHEED from UO,(111), 200keV V. DISCUSSION AND CONCLUSIONS

— Neutral atom model In summary, electron scattering factors of ions have been
0.8 ~—_|onic model 1 . . .

l\ represented in a parametrized form suitable for many-beam
06 { analysis of reflection high-energy electron diffraction. The

H

i

{
i
1
f

IF,|

parametrization is based on the explicit separation of the di-
vergent part of the scattering factor associated with the long-
range Coulomb field of an ion from the short-range screened
part of the potential. The proposed analytical representation
of electron scattering factors provides a more convenient and
041 1 | numerically more accurate way of interpolating these factors

U

_ 03 | 1 in the region of small angles of scattering than conventional
K on !;! | cubic splines or linear interpolation.
' H Following Tasker? we have considered three distinct
0.1 % cases of termination of ionic crystal lattices. In the first case
00 . 'V ! positive and negative ions lie in the same plane parallel to
10.0 15.0 200 25.0 30.0 the surface so that for each plane both the total charge and

Angle of incidence (mrad) the total dipole moment are equal to zero. In the second case

FIG. 6. Calculated RHEED rocking curves @ the specular ~ POSitive and negative ionic planes are displaced with respect
reflected beam andb) the (20) side beam using a neutral atom t0 each other in the direction normal to the surface. The
model (solid line and an ionic modeldotted ling for a single  atomic planes may be divided into certain groups, and for
crystal of UG . The calculations were made for 200keV primary eachgroup of planes the condition of charge neutrality is
beam energy, and a beam azimuth aldid 2]. The quantities satisfied and the total dipole moment is equal to zero. In
plotted in the figure are the absolute amplitudes of the reflecte¢ghese two cases the potential vanishes in the vacuum region
beam amplitudes. above the surface. In the third case ionic planes parallel to

. ) the surface are charged and each repeat unit is characterized
of the specular and the sid@0) beams, respectively. Al- by a nonzero projection of the dipole moment on the surface
though for this surface negatively charged Oand posi- normal vector. For this case the potential of the crystal slab
tively charged U* planes are shifted with respect to eachgjverges as a function of the number of bulk atomic layers.
other in the direction normal to the surface, thprojection  since the surface energy turns out to be a divergent quantity
of the total dipole moment of each repeat unit of the formas well!? electrostatic interactions lead to surface reconstruc-
O*” —U*" —0* is equal to zero. Again, there exists a tion eliminating the divergent component of the potential.
clear correlation between the rOCking curves calculated USing’lany beam dynamica| RHEED calculations performed for
the neutral atom and the ionic models. the (001) surface of NiO and thé111) surface of UQ single

It should also be pointed out that charge transfer in argrystals show that substantial variation of diffraction intensi-
ionic crystal does not only result in the homogeneous shift ofjes is expected to occur depending on the degree of charge
intensity peaks. It also changes the relative peak heights anghnsfer between ions constituting the crystal lattice. Quanti-
relative positions of peaks in RHEED rocking curves. Al-tative analysis of RHEED intensities is expected to be able to
though in many cases there still exists a one-to-one corrgyrovide information about the degree of charge transfer at
spondence between peaks in the RHEED rocking curves cajonic surfaces. The approach developed in this paper may
culated using neutral atom and ionic models, charge transfe{flso prove useful in transmission electron diffraction studies
often leads to the appearance of new features and sometimgsionic crystals.
any correspondence between the two curves appears to be
lacking. This shows the importance of using an adequate
representation of electron scattering factors which would ACKNOWLEDGMENTS
take into account the effects of charge transfer occurring in a
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of electrons from a NiO surfaégit was found that the mixed sions. This work was funded by the National Natural Science
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