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Adsorption of molecules on metal surfaces
-elementary processes-
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Vibrational modes of adsorbed CO
—internal stretching and hindered motions—
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Experimentally determined potential energy surface
CO on Ni(100) and CO on Pt(111)
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J. Yoshinobu and M. Kawai "Initial adsorption sites of CO on Pt(111)
and Ni(100) at low temperature" Surf. Sci., 363,105-111(1996).



Pt(997) surface
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Previous studies
CO/Pt(111)

(V 3% v 3)R30°
At O ., 0.33, all CO are located at on-top site.

At 6 ., 0.5, a half of CO are adsorbed at on-top site and another half are at
bridge sites.

No ordered LEED pattern was observed for CO/Pt(997) at 300K.

Ref. B. Lang, R. W. Joyner and G. A. Somorjai, Surface Sci. 30 (1972) 454

CO diffusion on Pt(111) surfaces

* Using TR-IRAS, J.E.Reutt-Robey et al., PRL61(1988)2778
* Observation at low temperature, J.V.Nekrylova and I.Harrison, JCP101(1994)1730



Low temperature IRAS
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Very low temperature (<15K) [ Pt(997) clean surface at 82K ]
Infrared reflection absorption E——= 0.0003 - 4cm'1, 500scans, MCT, KRS-5 polarizer 7
spectroscopy (IRAS)
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All optical paths are evacuated free from water and CO, vapor

Using lig.He and liq.N,, the sample can be cooled to 6K <15K during IRAS
Gas is introduced through a palse valve.

Noise level  3x10-> absorbance (4 cm-1, 500 scans, @2200 cm-1)



Adsorption of CO on Pt(997) at 300K
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Adsorption of CO on Pt(997) at 83K
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Initial adsorption sites at low temperature
CO on Pt(997) below 20 K
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Adsorption at 11K and thermal processes
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Area intensities of IRAS peaks
At 11K: 1,=0.0086, 1=0.0065,
After heating: I';=0.0296

l.=a.n;, [s=agng, where n is the number of
molecules and a [0 IR absorbance factor.

Since the total number of adsorbed molecules is
conserved, Ang=n..

Thus, n.=l;/a=Ans= Alg/ag

We obtain ag=2.7a, and n;/ng=3.6.

= ’,,,-;g:;':}};}fﬁ" The initial occupation
ratio of on-top sites ot
Pt(997): n;:ng=3.6:1




Experiments
Infrared reflection absorption spectroscopy
(IRAS)

| Sample MCT
T e
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UHV chamber\Si:B detector
(4000~350 cm™1)

5

Using an Si:B detector with 4cm-1 resolution & 500scans,
noise level : 2~5x10-°abs @2100~2200 cm-!

Closed cycle He refrigerator + radiation/electron bombardment heating
- 25K ~ 1300K



lce In nature

Ice layers on solid surfaces play an important role In

e astrophysical environments including comets, planetary
rings and interstellar clouds

 polar stratospheric clouds (PSCS) on the earth,

etc.
50K 100K 150K 200K

ice
I I UHV < 760torr
lh

» T(K)

~135K

Tg(glass transition)




The first result of ISO about interstellar ices
Astron.&Astrophys.315L.357(1996)

L3358 D.C.B. Whittet et al.: An IS0 SWS view of interstellar ices
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Fig. 1. 5WS spectrum of NGC 7538 IRS9, covering the full SWS spectral range from 2.4 to 45 pm at a resolving power of ~ 500. Various

solid state absorption features discussed in the text are labelled. Unless otherwise noted, these are reliable detections {uncertain or ambiguous
assignations are in brackeis).



The abundances of ices
In Interstellar ice and cometary volatiles

Table 2

Comparison of the abundances of ices in the interstellar me-
dinm (towards IRS9, a high mass protostar) and of cometary

volatiles (at —1 AL
Species Interstellar ices Cometary volatiles
H-0 100 1040
cO 15 2-20
CH;OH 6.3 1-7
CO- 12 26
H-CO <3 0.05-4
HCOOH 3 0.1
CH, 1.6 0.7
Other hydro- ? 1 (C:Ha2, C2Hg)
carbons
NH, <6 0.5
O, #2 ?
OCN- 0.5 0.2
(nitriles + HNCOQ)
OCSs 0.2 0.4 (OCS + C8§)
50 ? 0.1
H- 31 ?
M- ? ?
O- ? ?

J.M.Geenberg,Surf. Sci. 500(2002) 793



IRAS of adsorbed D,O on Rh(111) at 25K
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* Below monolayer, water molecules are
2689~2748cmL: v(dangling OD) adsorbed as monomer and clusters at 25K

2200~2650 cmr: v(OD) hydrogen-bonded « Amorphous ice is formed after a large
1161~1230cm™: 3(DOD) amount of exposure.



Absorbance

Amorphous Ice (D,0O) on Rh(111) at 25K

2550 Exposure=100shots->15BL
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2748 cm! vOD (dangling OD, 2 coordinated) / ;2

2729 cmt vOD (dangling OD, 3 coordinated) q
2550 cmt vOD (hydrogen bonded) & 25DOD

1600 cmr! association band 3vL & dDOD+vL

1200 cmr! 3DOD& 2vL @

650 cmt L (hindered rotation) 9’6 }:’Q}
%



D,0/Rh(111) -dangling OD-
as a function of annealing temperature

Surface water molecules
(2 coordinated) start to relax
at < 80K (below Tg).




amorphous
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ice

V op Of dangling OD
as a function of exposure
CO/D,O ice/Rh(111)
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Upon CO adsorption,
 Red shift of vy,

e Intensity increase for v
 Broadening of v,

the hydrogen bonding
between dangling OD
and adsorbed CO.
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Vop CO/D,0O ice/Rh(111)
CO as a probe molecule

amorphous ice polycrystalline ice Ic
0.0008———————1T———— 0.0008f———mM7—————

1.5shot

¢ 2140 cm™t : multi-layer CO

» 2156~2160 cm! : CO interacting

0.00041  55hot CO 0.0004—1Sh0t 1 with dangling OD

0.5shotnCO | _
\f\«]\IW' ASW: both CO species develop

AN N\ Ic ice: the 2154 cm™! peak develops
first.

11 1 1 I 1 1 11

1 1 | — I 1 1 1 1

2300 2150 2100 2200 2150 2100

amorphous ice: porous
crystalline ice: the dangling OD exists at outermost surface.
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Interaction between dangling OH and CO

. Adsorbed CO is associated directly with dangling OH on ice surfaces.

. Blue shift of v, indicates the donation from 50 to the electropositive hydrogen.
. Red shift of v, in dangling OH indicates hydrogen bonding.

. Broadening of v, in dangling OH indicates hydrogen bonding.

. Intensity increase of v, in dangling OH indicates hydrogen bonding.

. Gas phase CO has a dipole moment 0.112D (5-CO 9.

o+
5-C

o5+

ice surface



Morphology of ASW and crystalline ice
probed by CO adsorption

ASW

two dangling OD species
exist on the ASW surfaces

Annealed ASW
(polycrystalline ice)

3-coordinated dangling OD

species exist on the
outermost surface
Rh(111)




