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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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SUE \FACE DISTCORTION 1IN rACu—-L,Ll\ITERED CUBIC SOLIDS
J. J. -Burton and George Jura
ganic Materials Research Division awrence Radiation Laborator
Inorga Materials Research D , L Radiat Laboratory,
. Department of Chemistry, Universivy of California
' + Berkeley, California
‘ . A/,/
August 1500
Untilfnow, experimental values have not been obtained for the dis- .
placement. of the surfece layers from the bulk of semi-infinite crystals;
suc¢h information will probably soon be available from Low Energy Electron
Diffraction (LrFD) »tudJQH. It s desirible to have some theoretical
estimation of the order of maﬂnltude of the. dLuglanganu.

. : .1 o < . .
Gazis and Wallis™ have shown that a one dimensional lattice wit

* D,G,iGazis and R. F. Wallis, Surf. Sci. 3, 19 (196k4).

neaLPsL and next—nearc°t ne1 nbor ¢nteractlonq may chnlblt a dlutOTthﬂ
of the lattice spacing at a free surface; the: prealc ted distortion
'aecreab s ex ponuntlally Wluh distance from the surface;

: 02 en e as e ,
. Shuttleworth has calculated the displacement oi the flr layer of

e R. Shuttleworth, Proc. Roy.,SQé. (London) A62, 167 (19%9) .

3

the (100) surface of argon and Alder, Vaisnys, and Jura” have caleulated

d

—t

B.J. Alder, J.R. Vaisuys, and G. Jura, J. Phys. Chem. Solids, L1, 182 (1949)..

the displacements of the first five layers of thé {100) surfacé ofbafgon;i‘
”Alder et al. found that the dlstorhlon decreased proportlonallj to the
inverse cube of the alutancb from the surface.

The values of the coefficients in the Morse potential

-ea(r_ro) az(r—ro)'
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were tabulated by Clrlzalco and Welzer for six fee metals, Ca, Ag, Al,

— ..' . . + . v N
"'L. A. Girifalco and V. G. Weizer, Phys. Rev. 11k, 687 (1959).

ﬂb Cu, and Nl (Iable 1). We have ca Lcul ted the dlsplacements, 61
(Fig, 1) of the flrot wo-surfacé layers of these metals for the (100),"
-(110), and (lll) Murficeu. For comp@r“som'purposes-we,have alse calcus -

' lutea the same qlsplac;z ts for argon using a Lennard-Jones 6-12

poten@muL, : T .
45‘T_uKihafa, J. Phys. Soc. Japan, 3, 265 (1948).
The surface_energy, without alldwing for di tortion Ed’ was cal-
ulated for each case'considered by dirvect surmation over a 1 ttice of

2000 atoms. The surface energy was theu mlm¢A;zeq with res péét to the

displacements, Si, by direct sumiation of tbe erlergy OvVer a lattic

.

e of

G

360 atoms on a CDC 6600 computer;

”The Surface energies without relaxation, E_, the displacements, 8.,

‘aﬂa the chang=° in surface energy due to relaxation, AR, &re]tubulatéd in o

I DL@S 2 j, and 4 fér.the“(loo), (110), and (111) surfaces res vclj.

-

The displacements, 8,5 are given in units of percentage of the normal bulk

plaﬁai spa01ng. The values of  Alder et al. are included in Table 2.

Lhu regults of Alder et al are based on direct summation of the .

enc¢iLy over a lattlce of roughly forty thousand atoms and integration.

over the remainder of the lattice; our recsults are based on only 360

zhoms, Comparison of Alder's results with ours shows that this small
P

'latLlce yvields good values of 61,‘62 and AE.. Alder's work shows that

consideru

sa of the relaxation of only two surface layers gives good

values of the surface energy.

{
C oy
|
)
|
I
i
o
i




,\"

'.?apé ﬁaé¥thefibwu;t enorvy surface apd the (llO) the h1 h éf {ﬁ;%ﬁqrt;on
1n¥%as , "gcst for the (lOO) aurldcc and umall st for: the (lll) éﬁffacé;Jr

;RLLahathns were: found to alter the surfacc eucrgy bJ at mo '6%:fné'¢“9
 on1y cllgntly af q. d}%ﬁé,fé%iﬁé df Tl 1e ouridce energles of tﬁev

t\varloub facev.-’
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TABLE 1

Parameters of Morse Potential

: —2a(r—ro) —a(r—ro)
$(r) = Dle -20
- T -
Metal at™hy s (4) | D(ev)
Pb o 1.1836 R L2348
g L1.3690 . C3.115 S .3323
Mo 14199 2,780 S keos e
CCa 1.5588 L2866 , Sheg -
Al 1,1646 3,053 S 2703 |
Ca. .80535 L.569 .162%
TLELE 2 | N R

The (100) Surface: Relaxations, 8., are given as a percentage of the
4

bul: (100) planar spacing; E is the unrelaxed (100) surface energy; : S

AE is the change. in gurface energy due to relaxation,

Solid . . 5, (%) S a(#) E(ev)  asev) o
Ca 12,50k © 50887 99925 . -.06556 o
ag T 6.6 1259 . L.303020 - ~.03755 |

AL 10.972 | 0,963 . 1.ko150  -.08M0 © C

2 S 5,542 .978 . .85209 o o..02011 9?0

Cu 9.669 2.433 1.72545 . -.08319 F

Ni-oo ,  9.121 2,232 2.0264 . -.09119 ./
JAro . 2.60k o .ee - .059021 -.000355 O

A 2,577 589 03951 - -.0003k9.

*o . ,
- Obtained hy Alder et al.
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_ TABLE 3 ,
The (110) Surface: Relaxations, 8., are glven as a percentage of the
o ; . bulk (110) planar spacing; E is the unrelaxed (110) surface energy;

AE ig the change in surface energy due to relaxation.

solid 8 (%) ) 8,(%) E(ev) - an(ev)
Ca 9.1 2.628 . 1.45532 " ..0865k4
Ag w83 768 C1.93619  -.okkol
7 AL 8362 2,099 . 2.18216 - -.10898
4 | Fb L0075 559 127075 -.02347
ﬁf{ * o Cu . T3k 1.671 2,53181 . -.10587
iﬁ" o T w 6.872 | 1.507 - 2.98250 -.11k98
L Ar 1.809 565 05779 =.00039k
. TABLE 4 |
The (lll)'Surface: Relakatimns, 8;, are given as a percentage @f the
bulk (111, planar specing; E is the unrelaxed (111) surface energy;
AFR 1g the change in surface energj due to reldxation. ' '
solid ) "51(%) 82(%) Eo(ev) - AE(ev)
ca . hogy 899 87518 ~.02558
3 AE . l.910 .205 1.11727  =.01087
. AL 5.657 . 709 1.30167 . -.03111
5 b - . 1.580 59 72635 - =.00559
. tu s.ake .5kl 1.4o8LL 02915
';\' Wi 2927 Jhso 1.75856 o -;03;1u'
. 50 ,032520 . -.00011l3

3
s
o

R )]
O
.
o)




6m |  UCRL-1T076

'Revped'fed to infivni?yv |

- MUB~{2635

.'Fig. 1 Schematic diagram of a semi-infinite
M crystal with displacements indicated

N



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the-accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. '

As used in the above, "person acting on behalf of the
Commission"” includes any employee or .contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








