AD-A0B4 854  NATIONAL BUREAU OF STANDARDS WASHINGTON DC SURFACE S=~ETC F/¢ 7/&
VIBRATIONAL SPECTROSCOPIC STUDIES OF CHEMISORBED SPECIES ON MET==ETC(U)
MAY 80 J T YATES» R R CAVANAGH N00014-80=F=0008
UNCLASSIFIED TR=-20

[
A
)




||||| 10 02 hz
e — - §=2
= =
||||| T
- [IE]

22 fes noe

MICROCOPY RESOLUTION TEST CHARI

NATIONAL KUREAY OF S TANDARDS w2 A




et

PV

-

———— - ———

. W TAS

¢
3

[

.-

Unacsuietd

i

ADA0848 54

DOC FiLE copy

[
i

}
sJuatirte~tiin o

e e e

By

|

ri:ng

Distihutd

C e mee —

OFFICE OF NAVAL RESEARCH
Contract N0014-80-F-0008

Technical Report #20

Vibrational Spectroscopic Studies of Chemisorbed Species
on Metal Surfaces g

J. T. Yates, Jr., and R. R. Cavanagh

Surface Science Division .
National Bureau of Standards
Washington, 0OC 20234

May, 1980

Reproduction in whole or in part is permitted for
any purpose of the United States Government

Approved for Public Release; Distribution Unlimited

To be published in Proceedings of 4th International
Conference on Solid Surfaces, Le Vide (Journal of French
Vacuum Society

“
C
Lo
H
-
- [N
- S n ) 5‘;!&’
¢ -
.
e 2
Ll
| & t e
It o . ’V' "
S Faipe e -




R ____UNCLASSIFIED

SECURITY TLASSIFICATION OF T 1§ PAGE ‘Wnen Nera Patered)

REPORT DOCUMENTATION PAGE BEFORE Conbr b ring PORY

2. GOVYT ACCESSION NO| 3. RECTIPIENT'S CATALCS NUMBER

<c' Technical fepart 20/ ADACTH I

p— =g 5. TYPE OF RE T
< é Vibrational Spectroscopic Studies of Chemisorbed /"'—‘\‘

Spec1es on Metal Surfaces. et *

{ SR e o P

ERIOCD COVERED

g 1. AUTHOR(E) . CO

@ { J. T/Yates, Jr.qummt R. R/Cavanagh ! \5 \M

14-8g-F-gig8 ’kqod No.

et ean AW s T ames - we e s -

9. PERFORMING ORGANIZATION NAME AND ACORESS [ B re
Surface Science Division ‘Z" I;L
National Bureau of Standards N -7
Washington, DC 20234 -

-+ 11, CONTROLLING OFFICE NAME ANDO ADODRESS

~ Office of Naval Research / ‘ May AE

i Chemistry Program Office

_‘__m%nn Viraginia 22217
1 4. MONI ING AGENCY'NAME & ADDRESS(i/ cilterent trom Controlling Olfice) | 15. SECURITY SILASS, (of :hfe report)

t
15a. ODECLASSIFICATION. DOWNGRADING
@ é SCHEDULE

16. DISTRISUTION STATEMENT (of this Report)

ns_'

T dpoly

AGES

Approved for Publj lease; Distribution Unlimited

17. DISTRIBUTION STATEMENT (of m.fmahmtuuu.u.ﬁqwja frem Report)

18. SUPPLEMENTARY NOTES

Preprint; to be published in Proceedings of 4th International Conference on
Solid Surfaces, Le Vide (Journal of French Vacuum Society)

.
i

19. XEY WORDS (Continue on reverse side i neceseary and identity by block nuamber)

Carbon monoxide; chemisorption; isocyanide; rhodium; vibrational spectroscopy

Lil

20. AQ’TRAC? (Centinue an reverse side if necessary and ideniity by dleck number)

The use of transmission infrared spectroscopy to investigate the chemisorp-

tion of CO and an electronic analog to CO is described.

410 (Q}S— 78]“/ .

oD |:f:",, 1473 coition oF t wov 68 13 oesoLRTE

$/M 0102-014- 6601 UNCLASSIFIED
SECURITY CLASHIFICATION OF Tis SAGE (Whea Data Gntered)
|
T e i e ome - - - _— T g T
| = N . |




rabe oo

ey peee
.. ‘ .

y - wo o
1

H

. .
o ot g O st BB s e
R O B X T

.-
-

ceade

A—-q.ﬂ-.\.. .

IR

VIBRATIONAL SPECTROSCOPIC STUDIES OF CHEMISORBED SPECIES.ON METAL
" SURFACES

J. T. Yates, Jr., and R. R. Cavanagh

'National Bureau of Standards, Washington, D.C. 20234 USA

;Abstract

~The use of transmission infrared spectroscopy to investigate the chemisorp-
; tion of CO and an electronic analog to CO is described.

1. Introduction

_The study of the chemisorption of molecules on transition metals repre-
' sents a particularly fertile area of research at the present time. Sur-

face measurement techniques currently at our disposal range from those

: useful for studying adsorbed layers on single crystal surfaces to tech-

niques which may be readily applied to highly dispersed-supported metal

. surfaces. It is the latter class of surfaces which more closely resemble

heterogeneous catalysts; in fact, the ability to disperse precious metals
has been of major importance in enhancing their usefulness as catalysts.
In this paper we summarize infrared studies of CO chemisorption on Al,0.-
supported Rh surfaces, compared to the Rh(11ll) surface. In addition, wé
show that electronic analogs to CO exhibit interesting chemisorptive
properties. v

2, Experimental

Transmission infrared spectroscopy measurements ave made through dispersed
Rh surfaces supported on‘Y-Al,03. Th{flhigh area supported Rh is made by
H, reduction at 150°C of dispérsed Rh ions on the Al,0,. The final
preparations contain about,2-3% of Rh by weight, and exgigic a total
surface area of about 55 m“/g (BET, Nz) {1}. The infrared spectrum of
chemisorbed species on these surfaces may be measured following the adsorp-
tion of known quantities of gas.

3. Results and Discussion

The infrared spectrum following the chemisorption of CO by Rh is shown in
Fig. 1. Four spectral features in the_carbonyl stretching region are -1
clearly seen. A broad band at 1855 cm = develops anglshifts to 1870 cm
as CO coyerage increases. A second band at ~2056 cm ~ shifts upward to
2070 cm ~ as coverage increases. These two bands are assigned as bridged
and linear (terminal bonded) CO species chemisorbed on Rh sites present

in crystalline aggreyates of Rh. Recent measurements using c¢lectron energy
loss vibrational spectroscopy on Rh(11ll) have shown that at. full CO cover-
age, two carbonyl vibrational frequencies exist at i870 cm = and at 2070

em © {2} confirming the above assignment. LEED and thermal desorption

 studics of CO chemisorption on Rh(1ll) also suggest that two kinds of CO
"bonding (lincar and bridged) exist together at full coverages {3}. The

most prominent spectral feangc in Fig. 1_js a pair of sharp bands which
develop together at 2101 cm and 2031 em °, without shift of wave number
over their entire intensicy ranve. These two features arc assipgnoed as

the symmetric and asymmetric streotching modes for the specics Rh(CO)Z.
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“We have begun thc investigation of CH,NC chemisorption by Rh/A1,0, to
detefmine whether analogies exist with CO chemisorption. Infta?ea spectra
for CH,NC adsorption on 2.8% Rh/:\l.,o3 gIe shown in Fig. 3.__A strong M:iC
stretc ing_Tode is observed at 22N0 &m . (For CH,NC(1), the NiC mode is

“at 2161 cm © {13}.) In addition, J-H stretching modes are observed at
3003(s), 2946(S), 29}?, 2883, 2861, and 2813 cm . Bands at 1448(S),
1415(S), and 1391 em ~ are assigned as CH, begpding modes. _Gomparable CH,
'mogis for CH.NC(2) are at 3002 em ~, 2951 cm = and 1456 c¢m = and at 1414
cm ~. Subsequent exposure of the CH,NC-covered surface to CO (50 Torr) is
shown in spectrum (d) of Fig. 3. A Single new feature, of low intensity, at
2020 cm ~ is observed. The absence of strong features normally seen for
CO adsorption on Rh indicates that CH.XC has almost completely blocked
specific Rh~CO binding sites. The observation of a single N=C stretching
frequency for chemisorbed CH,NC indicates that only one CH.XC ligand adsorbs
on Rh sites capable of adsorbing 2 CO ligands. This canncf be understocd on
the basis of steric effects, and may be due to the greater electron donating
ability of CH3NC compared to CO.

We have used the strong igemisorption of CH_NC to svstematically displace
CO from Rh. In Fig. 4, CO was chemisorbea initially to full coverage.
Addition of CH.NC is accompaTSed by loss of intensity of the.Rh(CO),
doublet. In tge limit, two "~CO features remain at 1910 cm = and 1750

cm ~. These features are definitely due to adsorbefzco strongly per-
turbed by coadsorbed CH,NC, as their exchange with CO(g) is observable
by infrared spectroscopy. The features are believed to be due to linear
and bridged CO species on crystalline Rh sites which have interacted with
CH.NC. - This interaction is probably a consequence of ¢., electron dona-
tion to the crystallites leading to,enchanced back donation into chemi-
‘sorbed CO and herce to the 100 cm = reduction in wavenumber for the two
ikinds of chemisorbed CO on the crystalline sites.

Wotrk supported in part by the Office of Naval Research, Contract N0OOls4-
|79-F—0008, to whom we give our grateful acknowledgement.
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