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- We have found'éurface structures to be present on the
(lOO) face of clean platinum single crystals w&iéh are .

"}different from the substrate structure. One of these struc-

'._tures 1is stable in the temperature range of T = 350-550°C

.and the other structure in the range T = T750°C to the melting
Apoint (1769°C). We believe that ‘these” surface structures are
" the property,of the‘clean platinum surface. Surface structures, =
which exist on'clean semiconductor surfaces.have been ais- |
~covered and studied by Lander and M’orrison.l No such surface
-structures;as fer!as we know, have been found to exist which
.are attributable 6nly to the atoms of the metal,substrete.
'Nickelz shows surface reconstruction only in the\presence of
gases such as oxygen end hydrogen.‘ﬁTungstenS‘showsAsurface
structure due to carbon impurities. |

We have studlied the clean (lOO) crystal face of platinum o
o0f the highest avallable purity (99.999%, vacuum electron beam
| zone refined), uSing<low-energy»electren diffraction (Leed by
~ Varian). ‘The erystel, after polishing and etching (adua regia),
- was lon bombarded using'ultra high purity gradelnoble gases
(Xe, Ar). After»annealimg at 250-350°C, the crystal surface
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Sh§WS the diffradﬁionjpattern characteristic of the regular.
(100) f.c.c. substrate as shown in Fig. la. After heating thé'
crystal in the témpérature range.T_z 350-550°C from 5 minutes
to 5 hours depending on fhe temperature, the surface structure{

shown in Fig. 1b, appears.. Thls structure was observed on

" three different samples 1in the same temperature range. During

heatlng the'ambientjpressure reémalned below 2x10'9 torr. The

formation of this structure as measured by 1ts intensity

" increase 1s a functlon of tlme and temperature. The surface

- structure slowly dlsappears at’robm temperature, but readily

;reappeérs when the erystal 1s reheated to over 400°C (réﬁers-

~ible rearrangement§. The structure is a property of the

" surface since its intensity decreases sharply with increasing

electron energles.

There are no detectable reflectlons between the rows of

the surface structure'pattern (Fig. 1b). Therefore the

. exlstence of a surfacé.net which has the same orientation and

. five times the lattice parameter (L.e., 5x5 structure) of the

substrate net, can be excluded. A possible structure which

-fwould give rise to the observed patﬁérn shown 1n Flg. 1lb, 1s

 glven in Fig. 2. It 1s a domain structure which.is often

encountered. in perovskite and digénite crystals4 as determined
by x-ray diffraction.. 'One domain shows extra atoms in every .

fifth row in fhe'x—direction while theré 1s a random arrangement

'of atoms in the y-direction.A The other domain is rotated 90°.'

The‘observed pattern wlill be the result,of elastlc scattering‘of

N



'f'electroms due to the meny domainsfof oerpehdicular orlentation,
as long as the.Homains are much smaller than'the_area covered
}by‘the electronlbeam (1 mmz){ Observing the pattern as thet
beem 1s sweptlover*the crystal supports this -conclusion. The .
: domain structure.rapidiy'disappears'when the crystal 1s heated“_'
to over 580°C: and the substrate pattern is- restored to its full
‘intensity. When the (lOQ) face 1s heated to a temperature
.greater than 750 C a rihg structure appeers (Flg. 3a,b).. This
"disorder" structure shows regular diffrection characteristics.
It 1s concentric about the'(OO),reflectioh, has higher order
ij‘reflections and a wavelength dependence. Once formed thé ring
' structure isistablefin the temperature'range 750°C to the
t‘melting point (1760°C) until removed by lon bombardment

(irreversible rearrangement).

The intensity of the ring structure lncreases with

- .. Increasing temperature and heating time whlle the intensity of

.the substrate.pattern.decreases. The presence of thislsurface”u
structure at‘oniy.low electron energles againgindicates that

1t is the property of the surface. Such a ring pattern oould ‘.
i- be due to a disordered surface struoture which is rotated about
fi the [100] axis, |

- In order to prove that the surface structures are the

property of the clean platinum surfaoe several experiments were.”
'performed B e |
The platinum surface which exhibits the domain structure o
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was heated in oxygen (2x10™° torr) at 440°C, This treatment

'gave rise to the formatiOn‘of the rotated oxygen structure



"eported by T "‘uc,cer5 whichlcoexists with the domain structu*e.
Heating the crystal above 750°C in oxygen resulted in the

- appearance of the ring structure. Both surface structures -
appear to be unaffected by the presence of oxygen. | |

The platinum surface which exhibits the domain structure

. was heated in hydrogen (= 2x10~ -6 torr) at 500°C. This treatment_ })

t had no effect upon the diffractionlpattern. The ring structure E
| 'appeared when the" crystal was heated in hydrogen at higher |
'temperatures (>750 C)
Changing the conditions used for ilon bombardment (argon,
~ Xenon, ion voltage, ambient pressure) had no effect upon the
surface characteristics.- The ring structure was also obtained'
without lon bombardment by heating the crystal-to-temperatures o
‘f.T > 750°C. The domain'Structure could not be obtained_without '
ion bombardment. Heating the crystals to a temperature which )
- corresponds .to the stability range of the observed domain
structure was inadequate to anneal the surface damage produced
by our crystal preparation. |
Using several crystals in all our'experiments have not
effected the reproducibility of the‘results. . Therefore, it |
appears unlikely that impurities may be the cause of the
observed surface structures. | ‘

. Detailed investigations of these surface structures,
‘_their kinetics of formation are in progress and will be reportedi‘n
later. The catalytic properties of platinum and the temperature.'
| sensitivity of'the catalytic activityapseems_also to supporto""
our findings of the existence of different surface structures

“as a function of the thermal history of platinum single

: crystals.
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 Figure Captions

la.vaiffracﬁidn”pattern of clean'platinum (100) surface

.at E ='58.0 ev.

‘1b. Pattern (E = 58.0lev) of the (100)-face with the

- surface structure, formed after héating the crystal in |

Fig.

~Flg.

the range T = 350-550°C.
2. Model of tﬁe’proposed domain structure.~j_

3. Ségménted fing~(a) and completed ring (b)‘"d1SOrdér"

¢

surface structures of the,(lOO)—fgde formed after heating

‘the crystal in the rangé T = 750-1769°C.
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Fig. la
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Fig. 1b
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Fig. 3a
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Fig. 3b
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