Vol. A40 (1971) ACTA PHYSICA POLONICA Fasc. 3

THE PHYSICAL ADSORPTION ON SURFACE DISTORTED ALKALI
HALIDE CRYSTAL WITH A FREE (100) FACE

By S. Jaxusowicz anp K. F. WojciEcHOWSKI
Institute of Experimental Physics, University of Wroctaw*
(Received February 22, 1971)

The adsorption heat of the Ar atom adsorbed on the distorted (100) face of KCl is calcu-
lated. In numerical computations the summation was carried over 1183 crystal ions while hitherto
only several hundred of ions were usually taken into account.

The obtained values for the adatom. are in better agreement with experimental data than
the previous ones. Thus, taking into account in the summation both the surface distortion and
a greater number of crystal ions, are obtained results which approarch better the experimental
values.

1. Introduction

There are many papers devoted to calculations of the adsorption heat of rare gases adsor-
bed on the alkali halide crystals ¢f. Young and Crowell [1]. An important paper on this
problem is that of Orr [2]. The author has calculated the dispersion energy by means of the
Kirkwood-Miiller formula (Miiller [3]) using for ions the values of constants as given by
Huggins and Mayer [4]. The summation was carried over 250 crysial ions. The electrostatical
interaction was calculated on the basis of Lennard-Jones and Dent [5] results, and the re-
pulsion energy using the exponential formula given by Huggins and Mayer [4] and by
Herzfeld [6]. The results of Orr showed that the adsorption energy depends on the adsorp-
tion site. More detailed calculations were carried out by Hayakawa [7]. It was assumed in
all papers devoted to the physical adsorption on alkali halide crystals, that the arrangement
of the surface ions is the same as in layers situated inside the crystals. It has been recognized,
however, for a long time ¢f. Madelung [8], Varvey [9] that the arrangement of ions in the
surface layers of a crystal is different from that in the bulk. Calculations of a surface distor-
tion in an alkali halide crystal bounded by a free (100) face were done by Benson, Freeman
and Dempsey [10]. In the present paper we shall examine the influence of a surface distor-
tion on the adsorption energy for KCl crystal bounded by a free (100) face. Following Orr
and Hayakawa we shall calculate the adsorption energy of Ar on (100) face of KCl, taking
also into account 1° the surface distortion, and 2° the interaction with many more crystal
ions than in papers by Orr and Hayakawa.
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2. The adsorption energy
According to the papers by Orr [2], Young [11], Hayakawa [7] and Kiselev and Poshkus
[12], the interaction energy between an atom and alkali halide crystal may be written as

follows
W(r) = Wp(r)+ Wg(r)+ W) 1)

were Wy, is the dispersion energy, Wp the repulsive energy, Wy the electrostatic energy,
and r is the distance between the atom and the crystal surface.
i) The dispersion energy is
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Fig. 1. (100) surface of KCl crystal
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where a, is the polarizability of an adatom, x, is the magnetic susceptibility and @, ¥,
are the polarizabilities and magnetic susceptibilities of crystal ions, respectively.
it) The repulsion energy has the form

Wrlr) = Cfe™"lr (6)

where CF and ry are constants characterizing the adatom and crystal ions.
iit) The electrostatic energy can be written as

Welr) = — §aF*() (7)

where F(r) is the electrostatic field caused by the crystal ions at the point where an adatom
is situated.
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Fig. 2. Section of a crystal by the plane perpendicular to the surface (100) and including the axis § (see Fig.1)
Displacements of ions in the vicinity of a surface are marked
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We shall calculate the interaction energy of an atom being present on four lines per-
pendicular to the (100) face of KCIL One of this line crosses the point 1 situated in the centre
of a square formed by two K+ ions and two Cl~ ions (Fig. 1). The third and fourth lines
cross the point 2 situated between two neighbouring ions K+ and Cl-, the surface ion K+
and the surface ion Cl~, respectively. The surface distortion was introduced to the considered
crystal (cf. Fig. 2) according to Benson et al. (1963). Denote the distance between nearest
neighbours in the latice by ““a”; the distortion in each layer is then, described by az} and
azy, where A=0,1,2, ..., are numbers of the succesive layers formed by positive and
negative ions, respectively. If in the orthogonal Cartesian system (e, 8, A) the position of an
atom is given by (a]/?x, a}/2y,—ap), where (9 = r/a) then distances from the Ar atom to
crystal ions are the following:

K+ in the layer with 1=0,2,4, ..., 2n
ricen = a[2a+3—2)2+2(8—y)2+ (A+o—2Z) 7L
K+ in the layer with 4 =1,3,5, ..., 2n+1;
Fimont1 = 0[2(@—2)2+2(B+3—9)2+ (2+0—Z])?L.
Cl~ in the layer with 2 =10,2,4, ..., 2n
Timon = 0[2(a—2)2+2(8+3~"y)2+(A+0— 27" ®)
Cl- in the layer with A=1,3,5, ..., 2n+1;
Timgnt1 = 0[2(0+3—%)2+2(8—y)2 + (A+0—Z) %

Using relations (2-8) we may write Wp(p), Wx(o) and W(g) in the following form:

Wnle) = CiSf +C7 ST +C5 Sy +C5 Sy +C Sf +C5 Sy )
Wglo) = C&Sf+CySy (19)
Wele) = C5(S5—S5)* (11)

where

Sty =2{2 6"+ X a7

a,f A=2n A=2n+1

Siley, @) = 2 {2 (2 X (57
SEy,0) =23 {2 (3 A Z ()™

a3 A=2n
Sy (%, 9, @) = Z {Z (r2n )8+ _Z (r2n+1) }
S (% 7, 0) = Z {z?g (r3p)20 +/1 2Z+1 (reh-720%,

Sy (% 0,0) = 20 { 20 (™4 2 (7)™
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S:(xv Y, 9) == Z {1;22 exp (—’;;z/’o)+ Z exp (_r;;z+1/r0)}’

a,B A=232n+1

Sy, y,0) = 2 { 20 exp (—rhfr)+ X7 exp (—r5,frd)}s (12)
a3 A=2n A=2n+1

Sy, 0 = Y. {Z Ato—s | > At e—af

5 N5 ¥ i | (r'zi'n)3 Lo (ré’;t-l-l):; P

- Ato—z1 At o0—z7

sono = SIS HEE ¥ S
ap limen O Aoy Vot

with gt =91 &~%, &, =10, +1, 42,...,4=0,1,2, ..and C; = —}ar, e2.

Using for the constans C]’(z = #,j=1,2, ..., 5) the same values as those given by Orr
and Hayakawa the interaction energy #{g, v, ) was computed numerically on the ODRA 1004
computer at the Institute of Numerical Methods of Wroclaw University for each of four
positions marked on Fig. 1. Summations were carried over 1183 crystal ions. Values of
Zi =77 = 0and Z} and Z] were taken from the paper of Benson et al. 1963 (see Table I).

TABLE I

IRt}

Displacements in ‘@’ units

z Zy
0 | —0.03347 _ —0.00469
1 i 0.01863 0.00071
2 —0.00586 0.00199
3 0.00319 —0.00026
4 | —0.00076 0.00049

for A>5, Zf=27=0

3. Results and discussion

The obtained results are given in Figs 3-7. Plots of the interaction energy versus a re-
lative distance between Ar atom and the (100) face of KCl are shown in F' igs 3-6. A compari-
son of the curves with those obtained by Orr, leads to the following conclusions; 1° the
influence of the surface distortion on the adsorption energy is small, 2° the observed differen-
ces between our and Orr’s resulis are, therefore, caused mainly by the fact that the samma-
tion in present paper was carried over a greater number of ions than that in Orr’s paper.
One should note also, that for every case considered in this paper, greater values of the ad-
sorption heat and smaller values of the equilibrum distance r, were obtained in comparison
to the corresponding results of Orr. This is a result of taking into account a greater number
of ions and also the influence of the surface distortion.



356

8819 51 O « 21210 = {0 74 2) "™y *o8pa oolure] ® Jo julod-piw of} I9A0 PINBOILS WOJE UOSIY UR 10J SSAINO SOUBISIP A31ou0 jenuetod § 8L

8819 47— 0T - STFT'0 == (0 5% 2) "™y *[[92 291332 DI © JO OIIU0O O} I9A0 POIENIIS WOIE UWOFIY U I0J SIAINO SOUBISIP £B1oua Tenauvl0g ¢ 'S
£

LA ¢ Stg
£ Fal o o1 50 &0 8 i €1 2l Ly 01 60 -~
o !
cerg- ?«N‘
1. 00i0-
00Lg -

———1 [N

m b o
\ 0
' B L5/00-
i\
]
¥ c/00-
)
i _
d, |
| |
! [
1 |
]
.
.
1l
Y sbra, 00 [mim )

e w?mmsx (SIM




357

£l

88191 _0T-06TT°0 = (0542)™™ 4 U0l _T7) © T0A0 POjENiIs UI01E U081y UB I0J $9AIND SOUEISIP AF1oU0 [Br1uat0d ‘g *S1q
wm.sﬂloﬂ -QCZ1°0 = (0 #* NVEE L4 “TOL 3] B I3A0 POjeNYiS WolR uodIy uw 10J $9AIND Q0 URISIP AS10TD [EIIUSI0J °G "5 q

42

9 814
».F

ol

00L0-

£5/00-

m?m& 01 % ()M

€l

4

’

g 8y
v

o1

440}

00L0-

FS5Z00

(SIM



010 \, / T~d L =

0150
ol o oo K* K* K*

Q
o
|94

Fig. 7. The curves a, b, ¢ are the cross-sections of the potential surface, involving the calculated points on the
basis of these curves. Equipotential lines (d) were constructed giving a ““map”” of the potential surface for the
(100) face of the crystal

TABLE IT

Experimental and theoretical values of the adsorption heat (cal/mol) of Ar on (100) face of KCl
Experiment ' ~ Theory -
B Young I Hayakawa Orr ) l_ _Youug ) ‘ Hayakawa ‘ this v!(?rk .

2100 ‘ 2080 i 1593 l 1800 , 1900 l 1988
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Theoretical values of the adsorption heat calculated in this paper, are in better agreement
with experimental data than the results previously obtained (see Table II).

In Fig. 7 a relationship between the adsorption heat and the position of the adatom
over the surface of (100) face crystal is presented. Comparing curves in Fig. 7a, b, ¢ one may
see that the minima of the curves obtained in this paper are deeper and narrower than
those in the paper of Orr, i. e. the adsorption centres are more pronounced.
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