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1eeUs catalytic reactions are the basis of
iy mlcal Inaustry: a large fraction of the
chem cals of industrial and practical interest are
grye __'ed Py heterogeneous catalytic reactions.
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—— eterogeneous reactions occur typically on a

S "quwd -s0lid or gas-solid interface. The surface of a

"'-::';:_— solid gives the possibility to block in a fixed
geometry some of the reactants, or the catalytic

species If the catalyst is not the surface itself.

o



o
ce,and theseal"worl

10 atmoespheric pressure or

fle -_:ture gap (liquid helium or liguid

fogen temperature to hundreds or thousands

“= \Material gap (single crystals versus highly
InNhomogeneous surfaces)
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Morlel 3\-. [Ems Withrtéw centrollable parameters
aplel | dumble properties

-‘:"I\7Ion|tor|ng adsorption, desorption,
decomposition and reaction processes on
surfaces with powerful techniques
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BIZIE o Bk atoms. Surfaces are compesead
of OIS "Whichi do not have the same
Sopraination number as in the bulk, but a
[BIVER OnE.

g -
- .
—

_H-|-'

==-*'=-- CThe effect of having unbalanced forces at
- the surface is that the whole surface region is
at relatively high energy compared to the
pbulk. We can compare It to the surface

tension in a liquid.
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C| / dllographic structure of the surface Is
mply the truncation of the bulk, because
fface atoms may move to minimize the
IsES energy (“surface reconstruction™)

“fihe adsorption of gases is strongly favoured at
- .the surface, either by formation of chemical
ponds (chemisorption) or by van der Waals-type
of Interaction (physisorption)
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Ul irenight vacuum Is required: for most surface
SEIENCE experiments for two principal reasons :

SN0 enable atomically clean surfaces to be
prepared for study, and such surfaces to be
= S aintained in a contamination-free state for

= the duration of the experiment.
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~ 7o permit the use of low energy electron and
lon-based experimental techniques without
undue interference from gas phase scattering.
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Wihat IS Ultra Highﬁéuum (UH

i n
SITEISI Unit of pressure 1sithe RPascall (1 Pai= 1. N m?)

NBmelfatmosphneric pressure (1 atm.) 1s' 101325 Pa or
IBAISImbbAr (1 bar = 105 Pa ).

SAIROICEY ﬂnlt of pressure is the Torr (1 Torr = 1
mrr}ﬁL -One atmosphere is ca. 760 Torr (i.e. 1 Torr =
33.3 Pa).
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= “Whilst the mbar is often used as a unit of pressure for
describing the level of vacuum, the most commonly
employed unit is still the Torr. (The SI unit, the Pa , IS
almost never used ! )
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VIEGTNR Ve cuum 102 - 105 Torr
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_. ahlgh vacuum (UHV) :< 10-° Torr
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EXposure tb,(_e W{’E‘r
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e GEs expostrels meastre o the amount o
gestwhichr a surface has been subjected to. It is
umer fically’ quantified by taking the product of
IENprEssure of the gas above the surface and
tErimer ofi exposure (If the pressure Is constant,
‘or-more generally by calculating the integral of
S pressure over the period of time of concern).

._'_,-_.J _:Although the exposure may be given Iin the Sl

= Units of Pa s (Pascal seconds), the normal and

-~ far more convenient unit for exposure is the
Langmuir, where 1 L = 10° Torr s . I.e.



Sticking G@e,f;[jﬁi'ent &Surfacw

WMERST/ 7717y COETICIENT, S, IS a IMeasure ofi the
ffrlQEJOﬂ el Incident moelecules which adsorb
HpenRithe surface I.e. It Is a probability and lies
IfINEg range 0 - 1, where the limits correspond
e adserption and complete adsorption of all
r-m dent molecules respectively.
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eneral S depends upon many variables I.e.

S = f( surface coverage , temperature, crystal
face ....)
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Hlouy o g Wil 1t take for a clean surface to
SOVETEd With'a coThp moenela sorate
IMISHE dependent upoen the flux of @as phase

MBIECHIESHNCIUENTUPONIIETSUITEACE; THE aCTle
sOVENEErCoresponding to the monolayer and' the
SOVENAPESUEPENDENT Sticking probability ...
GOWEVEIS, It IS possible to get a minimum estimate
OIFLIIE tlme feguired by assuming a unit sticking
ojre ablllty (I.e. S= 1) and noting that monolayer
C0 'erages are generally of the order of 10> per

cm? or 101° per m2 . Then
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F S "far;p SPECtreseep)y,. the mean fi _ obe‘”’
C tlcles (|ons‘m-ﬁe—electrons) I the vacuum
emwrommem F"rr USiplaeisignificantiyagreaters tiian the
SIIENSIBNS O ApPAratusin Grder that these' particles
IEAEVEI 0 the surface and from the surface to detector
WindelNtREeErgoing any interaction with residual gas phase
friolee lJJH> This requires pressures better than 104 Torr.
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*jpractlcal level, it Is also the case that the lifetime of
'd anrreltron and multiplier detectors used to detect
- }harged particles Is substantially reduced by operation at
pressures above 10° Torr).



f scoplc teclﬂ'rmg-are alse capa Ie of
npleculesyin the gasiphase; in theseicase
oraferag ;, L e NUMIBEr Ol SPECIES present on the
SHIYEICERS tantlally exceeds these present in the gas
SIIESE 1mrr_1_:m albove the surface - to achieve a
SUffelcg/efek fPhase discrimination of better than 10:1 when
r.nruJ/ 10/ ca. 1% of'a monolayer on a flat surface this
-~ egu Uires  that the gas phase concentration is less than ca.

— 1012 2 molecules cm ( = 1018 molecules m-3), i.e. that the

,jparilal) pressure is of the order of 10~* Torr or lower.
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lface Preparation and Cle —
o - =
Procedures: Ih=situl Experiments

: uation (et) - removal of gas volume

urface desorption (1/t) - adsorbed water on
surfaces

aII diffusion (1/t/2) - gases dissolved in

= D Permeation limit (ultimate pressure) - gas
diffusion through walls



| _ S/stems typically requires a few
th reach a medium vacuum after a
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for low vacuum systems, typically requires
within an hour to reach operating conditions
after a vent to air
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hamber to temperatures
00 °C to 200 °C for an extended

j ne (1 - 2 days)

LE:
e

i femoves adsorbed gases from the
— ¢t "am‘ber walls at high temperatures in

._ ;—u_
B _

~—order to lower the outgassing rates at room
“temperature
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DEVESSING components 5urlng and after bakeout This
HEYASDPIAONIESHS ro IEPESIHERREV AP0

SOUCES) galige ano pu o |aments The main

PEINLIS that suchreguipment will degas during use,

WEISERING the pressure, often directly in the
mngn'( gIeed of the sample.
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C J‘—‘qpﬂ g the sample and characterising it for
s cleanliness, typically with AES and/or by LEED

—— —
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_Perform the treatment or experiment: deposit/anneal, react
With; gases, bend the sample.

Examine the sample with the techniques at your disposal.
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IMENZHEUS PesSIITES el sample cleaning Include the
e)IBWIRGE heating, either resistive, using electron
gevardment orlaser annealing; 1on bombardment;
rJegnvmg S oxidation; in-situ deposition and growth. These
meyberapplied singly, or more often in combination or
= ARvVanoeus cycles. Typically, the first time a sample is
--—;_.:._. E‘aned the procedure Is more lengthy, or more cycles
= are required. Thereafter, relatively simple procedures are
- needed to restore a once-cleaned surface.
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