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-Electron Stlmulated Desorption lon Angular ii

*Photon Stimulated Desorption (PSD)




Thermal desorption spectroscopy (TDS)

- Adsorbed motecule bound to surface in potential well
of depth E

Probabillity that molecule will desorb at any one
temperature, to produce an equilibrium vapor
pressure, Is governed by Boltzmann statistics

-:
N TPD experi eou elatomis
| rface (sometimes cooled) then
esorbed by heating surface




Pressure rise monitored by

b

e i e

usually quadrupole (not TOF) — —
can acquire single-or multiple m/z during heating

Sample Adsorbate Layer

Mass Spectrometer
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I(T) for fixed m/




The data ebtained from such an experiment consists of the intensity
Variation oft eachirecordedimassifiagmentas: afunction o time:/
terriperaiure, In tne case of a sirmple reversiple adsorption process It ey

only be necessary to record one signel - that aitirioutaole to tne rnolecular

S ONIOTthE auSoralE concerned: =__ ' e
e graphrhelew showsidata iom a IfPD experlment iellowing adserpuon
0 CO. onte a Pd(111) crystal'at 300 K.




Viiplelgr el gezlid s oradartiorizl to i zlrlatinlt ofie)iarE!
|, Le. progoriionzal to tne surface coverage,
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. =Kinetics of desorptioni (obtained from the peak profile anc
~tilescoverage . dependence of the desornptions chiaracteristics)
give infermation on the state of aggregation ofi the adsorbed

species e.g. molecular v's dissociative.

The position of the peak (the peak temperature) Is related to
the enthalpy of adsorption, i.e. to the strength of binding to
the surface.

MIINAING State Tor a molecule onra surface (and these
have significantly different adsorption enthalpies) then this
will give rise to multiple peaks in the TPD spectrum.
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#@fmre weakly bound state has the lower activation energy for. -
~ desorption and will th dergo desorption at a lower temperature.

0 the presence of both molecularly and
iIcally (i.e. dissociatively) adsorbed oxygen on the surface.

The molecular species is the more weakly adsorbed.



- - Heat of adsorption (if adsorption and desorption
- are reversible/nondissociative processes)

- Quantitative coverage information about
dissociative and nondissociative adsorption

- Energetic information about phases transitions,
sorbate. | lons, muliti '

- Kinetic information about desorpti(;-ﬁ pProcess -



Partial pressure recorded at one m/z (say, base peak) by mass spectrometer 1s
- o< 10 Instantaneous partial pressure of adsorbate pM

: . : dM
- o< 10 rate of desorption of adsorbate —

dt

dM : : do
— =rate of loss of coverage —
dt dt




-I(T) does not rise indefinitely - at some stage, all

neter collecte

ﬁdsetba.te.s,_a.tea under TPD I(T) curve would equal
molecular coverage

- Only fraction desorbed molecules collected and
lonized — area under TPD I(T) curve is proportional
to molecular coverage

|

mation about

sorption kinetics



implies that desorption rate does not depend on coverage

implies that desorption rate increases exponentially with T
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Zero Order TPD: Eg=30 kd/mol v=1x10 p=1.5K/s Oy=1-6x10 cm
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Zero-order kinetics observed In thick layers
(multilayers) when supply of
molecules is ~ infinite

SO occur if strong attractive.i M
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0-order) :




dt R-T

_de M _ (R t“'a]“l[ Edt“- ]

desorption rate proportional to instantancous coverage

desorption peak will show balance of 8,; and exp(-E./RT) terms
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First Order TPD: Eg=30 kJ/mol v=1x10 p=1.5K/s 8,=1-6x10 cm
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characteristic asymmetric peak shape

T, Increases with E .

"Normal" desorption order for non-dissociative molecular and atomic
adsorption
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10, 2 (B4
—M_y. g, exp| —des

dt RT

: : . 2
desorption rate proportional to instantancous coverage

desorption peak will show balance of 8,, and exp(-Eqg./RT) terms
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Second Order TPD: E=30 kJ/mol v=1x10" B=1.5K/s 6.=1-6x10"° cm
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- T, moves to lower T with 6,
- Common trailing edges of peaks
- Characteristic nearly symmetric peak shape
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Fig. 5.6 The theoretical shapes of first- and second-order desorption pecaks
{Redhead, 1962).




For hydrogen on W, B, peak shows second-order desorption kinetics

A
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Pseudo second-order desorption observed for strong repulsive interadsorbate
Interactions

- repulsion increases with coverage and so lowers average desorption
lemperature

dO g —Eqes +(a- CVE EI‘E‘pLﬂSiDI])

-
=V -8 -exp

dt R-T




~ Occasionally fractional order (0 < n < 1)
:_‘_-— = -
desorption is observed

-believed to indicate cluster formation on B
surface
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