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Abstract

Lavge quantities of nitrogen adsorb aftcr the gas is atomized
by a high~frequoency discharge on both surfaces. The total cove
cerages reached a half monolayexr with respect to the surface
‘metal atoms. An ordered LEED pattern was not observed during
the a%iorption on Cu(lll). A small amount of adsorbed N

(2x10+% atom/cu?), however, produced a (2x2) LEBD pattern on
Pt. A larger quantity of adsorbed I, similarly to the adsorp-
‘tion of €O, induced a (1x2)-(1lxl) change in the periodicity of
the reconstructed Pt surfuce. Witrogen desorbed from Cu(lll)
‘surfaces in two gtages, with one peak maximunm which ghifted
from 620 to 700 K with incrcasing coverage (81 state), uand
~with another peak at 773 K (F? stute). activation energies Tfor
rdegsorption were 29, and 36 kcal/mol. Nitrogen desorbs from Pt

1 (110) in only one stage, wilth a pecak at 445 K. The activation
energy is 25 kcal/mol,

Introduction

We recently invegbipguted the inteructions of isocyanic acid
with P%(110) and cu(lll) surfaces by meang of LEED, Auger and
'thermal desorption mass spectrometry [1,2]. In order to facil-
“itate the interpretution of the results, it secemed nccessary
“to lnow more about the nature of the adogorbed N atom on these
surfaceg, and its surlface interaction with CO.

The adgorption of activated nitrogen on P(111), (100) and
stepped surfaces wag recently investigated by Schwaha and
Bechtold [%). aActivated nitrogen wag adgorbed at 300 K on all
three surfaces up to about half the monolayexr coverage. No ad-
‘ditional LBLD patterns indicative of any long-range order of
adgorption werc obscrved,

Dxperimental

'Experiments were carried out in a stuinless steel UHV chumber
¢quipped with a 4-grid returding fiecld analyzer for low-energy
“electron diffraction (IiHLD) and for Auger analysis, with a
quadrupole mags analyzer to monitor gas-phase composition and
with geveral gas inlets. The vacuum spystem was evacuated with
ion pumps and a titanium getter. A bage pressure of 1.5x10
Torr wag reached.

“fhe Pt(110) crystal was cut from a single-crystal rod of ul-
trabigh-purity platinum (5 ) obtuined from laterials Rescarch
 Corporation. The sample wag cleaned by heuting at 1500 K for
goveral hours, followed by argon ilon bombardmenté. The remain-
ing curbon wag removed in a brief reactlon with oxygen at 900
'K, Pinally, the sample wag unneuled at 1500 K. The clean an=-



nealed surface wag characterized by a (ix2) LZED pattern. The
Cu(11ll) erystal and its cleaning procedures were the same ag
uged in the gtudy ol the adsorption of HNCO [1]. Witrogen at-
oms were generuated by activating 1T, with a high~-Trequency
discharge, similarly as described ﬁy Schwaha and Bechtold [3].

Regults and Discussion
1. Pt(110) Surface. Auger and LELD Studies

sxposure of Pt(110) surface to Np up to 180 L at 300-473 K
caused no change in the Auger spectrum. An increase in the
auger signal at approximately 3380 eV, due to adsorbed nitro-
gen, wag observed, however, when the nitrogen was activated.
43 the signals of N (380 eV) and Pt (382 eV) can not be sep~
arated, the relative N signal, N3g0* Pt382/Pto3g, was used to
follow the adsorption of nitrogen. In Pig. 1 tﬁis value hasg
been plotted against the exposure.
Approximate saturation was reached ° e
at about 100~150 L (N+N2). This RI

corresponda to ﬁ surface concen-

tration of 8x10+4 N atom/cme. qe%

This value was calculated by

nsing the correlation between the 0419

relative I signal and the surface .

concentration of adsorbed N atons 02 N+N, (L)
determined by Gland and Korchak ,
[4], he c¢lean annealed surface : 50 100 450
gave o (1x2) LiLED pattern. dxpo=- ' ' '

PMg. 1 = Relativ N signal

sure of thislrurface to 5 L
(N+l05) (2x10+% N atom/cm=) pro- versus nitrogen exposure
duced a weak additional (2x2) on P$(110).

ListD pattern with a diffuse back-

grouad., IPurther expogure caused a

rcordering of the surface Pt atoms from the (1x2) to the
(1x1) structurc.

Thermal Desorption Measurements

In order to eliminate the contribution of CO (28 amu) from
the residual gas, thermal desorptionygeasurcments were car-
ried out using labelled nitrogen,'NWp”?Y. Thermal desorptiin
spectra were taken at a linear heating rate of 13 K gec™ by
following the change in the 30 amu signal., The results are
ghown in ;. 2. At low coverage, up to 8~0.25, the maximum
temperature of the peak wag sghifted to lower tempcrature with
the increase of the coverage. The peaks were not symmetricalj
on the high-temperaturc side two shoulders were observed. In
the range O = 0.25-1, the degorpiion process secmed to be of
first order. When the 28 amu signal was followed, a second
stage, at 493-513 K, woas also observed, cauged by the deg-
orption of CO., This CO very probably desorbed from the walls
of the vegscel during the discharge, and readsorbed on the Pt
gurfaces. This phenomenon was previously observed [3]. FProm
the intensity changes in the 14 amu gignal, we obtalned the
same degorption spectrum as in the measurement of the 30 amu
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gignal. The kinctic parameiers of
the desorption process were detber-
nined with variation of the heating
rate. we obtained 25 kcal/mol fiﬁ
thi activation energy, and 1lxlO

s~ for pre-exponential factor.

2. Ccu{lll) Surface. Auger and
LELD Studies

The adsorption of atomic N wag pre-
viously studied only on a Cu(100)
surface. The nature of the surface
interaction was established by LELD,
Auger, UPS and XPS methods [5]. Ex-
posure of the clean surface to acw-
tivated nitrogen at 300 K led to the
appearance of a nitrogen gignal at
580 eV. An important observation was
that no signal due to surface carbon
wag detected, even at the high ni-
trogen exposure, The gurface cover-
age of nitrogen wag calculated in
the manner degcribed earlier [6].
Saturation coverage wag reached at
about half the monolayer, The ad-
gorption of activated nitrogen pro-
duced no additional diffraction
spots on the LbED pattern of the
clean Cu(lll) surface. An increase
of the diffuge background was ob-
gerved.
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Pig. 2 - TD spectra
of nitrogen from Pt
(110).
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Thermal Desorption Measurements FY ?‘ B
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Thermal desorption spectra were Cwomm T °
taken by following the change in S0L o By
the 23 amu signal (Pig. 5). Ni- 250 B, A
trogen desorbed from the Cu(lll) | } o e
purface in two gtages. The low~ L //// B,
~temperaturce stuge is designated |5t S e K e e om =X
byl , and the high-temperature ?‘ N+N, (L)

onc byfB,. TPL spectra taken at
different coverages ghow that
the 8, sites begin to be popu~
lated first, but are filled up
very soon (Iig. 3). A much
greater amount of adsorbed ni-
trogen is bonded to the f sites.
The peak temperature of the
gtage, 773 K, is practically
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Iige 3 = TD spectra of Np
from Cu(lll) and the amount
of desorbed Np versus expo=
gule.

independent of the coverage, indicating that the desorption of
nitrogen in this stage follows a firgt-order rate law. The
maximum temperature of the & peak was shifted from 620 K to
700 K with the increase of the coverage. Simil@s gpectra and

behaviour were found when labelled nitrogen, N3

y, Was used, or




when the intensity of the 14 amu signal (eingly charged NV)
wag followed. This shows that CO desorbing from the wall dur-
"ing the activation of nitrogen did not contaminate the sur-
face, and hencc did not influence the TPD spectrum. This is
in harmony with previous measurcmenis, i.e. no detectable ad-
sorption of CO occurs on the Cu(lll) surface at 300 K [7].The
amounts of N, desgorbed in the two stages were calculated by
careful integration of the areas of the peaks. These values
showed the same dependence on the nitrogen exposure (Fig. 3)
as the relative N pignal. In harmony with this, the intensgity
of the relative N signal increased linearly with the increase
of the sum ol the areas of the nitrogen desorption peaks. The
activation energies for the desorption of nitrogen, calcula-
ted in a gimilar way as in the cage of Pt, were 29 and 36 kcal.

The characterigtics of the thermal desorption of N» from Pi
(110) and Cu{1ll) agree well with those observed aTter the ad-=
sorption of HNCO on these samples [1,2]. This result supports
the explanation proposed for the behaviour of NCO species on
these surfaces. We mention here, that accurate determination
of the ratio of the signals at 28 and 14 amu indicate that ni-
trogen atoms recombine before degorption from both surfaces.

The Surface Interaction of Atomic N with CO

Some measurcments were carried out concerning the surface in-
teraction of atomic N and CO on P%(110) surface. In these ex-
periments Np(30) was used. wWhen the surface was dosed, Tfirst
with CO (to saturation) and then with activated N, the low-
~temperature peak at 420 K for the thermal desorption of CO
was transgformed into a new peak, with Tyayx = 458 K. No change
occurred in the high~temperature peak of CO desorption. Irom
determination of the amount of CO desorbed, it appeared that
less than 200 of the adsorbed CO wag displaced from the sur-
face by activated N. On the other hand, the desoxrbing nitro-
gen ghowed that on the CO-~covered surface 90% of the quanti-
ty required Ffor monolayer coverage wasg adsorbed. This may in-
dicate that the Pt surface wag not covered completely with CO.
When the dosing sequence wag reversged similar results were ob-
tained. UPS meagurements are in progress to establish whether
HCO species is formed in 1he surlace interaciion of adsorbed

N with CO at low~temperatures.
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