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The interaction of a number of nitrogen containing molecules (NO, NH; and N:H.) with copper
has been electron Nitric oxide is shown to be molecularly adsorbed
in a lincarly bonded configuration at 85 K ; this adlayer is unstable above 120 K, resulting in an
exclusively oxygen adlayer at 295 K. the nitrogen being desorbed. At 85 K N(1s) peaks observed at
401 and 406 eV are associated with NO%-(ads) and NO"’(ads) species, the former dissociating and
the latter desorbing on thermal activation of the
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oxygen and nitrogen retained at the surface. The surface concentration suggests that each nitrogen
and oxygen adatom is bndpbmded to two surface copper atoms. Estimates of absolute surface

are made by the itics of the N(1s) and O(ls) peaks with the Cu(2p) sub-
strate intensity, whne valenoe level specuowopy (He 1 lnd 11 radiation) lupplemems core-level
for bet and surface species.

ween

Ammonia dissociates at 295Koncnprpenmile Mlhoxldindwmdwsmfmoxidcisreplmd
by an imide-type surface. With h is over the range 85
to 295 K, in contrast to our observations with iron.

Recent electron spectroscopic (u.v. and X-ray) studies ! of the interaction of nitric
oxide with iron surfaces have shown clearly the subtle molecular changes that can
occur in the temperature range 85-290 K. The essential feature was the instability
of the nitric oxide adlayer mulnng, even at 85 K, in some dmsoumve chemxsorptlon
and mu'ogen desorption. Other ption states incli I y adsorbed
species were also observed and their ek fi
These results were in many ways analogous to wlut we hud observed in an earlier
study of the interaction of carbon monoxide with iron,? the main difference being that
dissociation of NO was more facile, occurring at much lower substrate tempegature.
The present investigation is a natural development of our carlier studies;' gopper,
which is known to adsorb carbon monoxide only weakly seemed, by analogy, to be
an ideal substrate on which to study molecularly adsorbed NO. There is also con-
siderable current mtcresl in thc catalytic chemistry of m!nc oxide ,’ knowledge of its
lecular state is fund I to a proper undi of

In view of our recent interest in the adsorption of dinitrogen and our observation
of three distinct N(1s) species on iron surfaces,* we have also studied the adsorption
of hydrazine on copper and also of ammonia on both copper and oxidized copper.
The data observed with hydrazine adsorption on copper are also compared with those
obtained with iron. In the former casc we anticipate that the N—N bond will be
retained but with iron there is a distinct possibility for N—N bond scission occurring.
The N(1s) bmdmg energna a:soaatcd with those distinct surface bonding configura-
tions are of surface nitrogen species, and, therefore,
to a more complele understanding of the nitrogen surface chemistry of copper.
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1394 ADSORPTION OF NITROGEN SPECIES ON Cu

EXPERIMENTAL

The pic data were obtai using Vacuum Generators® ESCA-3 instrument,
which has already been described.* The binding energies are given with reference to the
Au(4fy2) line at 83.8 eV, Copper films were evaporated on to the ESCA-3 probe from a
molten bead of copper supported on a molybdenum filament. The films were formed at a
pressure of about 10~° Torr with the probe inally at room ; after evapora-
tion the pressure decreased to about 4 10-1° Torr, Nitric oxide, ammonia and hydrazine
were obtained in “ lecture cylinders " from the Matheson Co. and were all purified further
before use by vacuum distillation.

CONCENTRATION OF SURFACE SPECIES

The approach we have used to estimate the concentration of surface species is a modifica-
tion of the method due to Madey, Yates and Erickson & [eqn (1)] making use of the recent
data of Schofield 7 and Penn.*

HwMa a
uNpi cos 0 )

0 is the surface concentration; ¥, is the photoelectron vield from the adlayer, i.c., cither
the O(1s) or N(1s) peaks ; ¥, the intensity of the “ clean ™ copper 2p; peak; N = Avo-
gadro’s number ; u, = ionization cross-section for Cu2py and e, the ionisation cross section
for the O(1s) or N(1s) orbitals; 2 = electron attenuation length in Cu substrate; p = den-
sity of Cu; M = molecular weight of substrate; § = angle between collected electrons and
the normal to substrate (45°). Wealso report relative i btained ing
directly the corrected intensities of the O(1s) or N(ls) adsorbate peaks. Tonization Cross-
section data have been taken from the work of Schofield ;” the escape depth (4 ~ 8A) is
based on Penn’s calculations.® hotoyields have corrected for the known trans-
mission factor of the electron-energy analyser (oc 1/KE) and the relative jonization cross-
sections.

A number of studies * * have shown that the approach inherent ineqn (1) s fully justified.
Surface concentrations of xenon and oxygen on W(111) and nitrogen and nitric oxide on
polycrystalline i from photoyi being in good agreement (within 10 %)
with ind dent flash-d i hods. It should be hasised that errors
in estimating A would lead to appreciable errors in ¢,
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RESULTS AND DISCUSSION
ADSORPTION OF NITRIC OXIDE

The O(1s) and N(1s) spectral regions of copper films after evaporation and just
prior to the adsorption of nitric oxide showed no evidence for oxygen and nitrogen
but the C(1s) regions occasionally showed a very small peak centred at 286.2 ¢V,
Fig. 1(a) shows the O(1s) spectrum after copper has been exposed to nitric oxide at
85K. After an exposure of IS0 L* a peak has developed centred at 531.6 eV but
with a distinct high binding encrgy tail. - With continued exposure to nitric oxide the
“tail * develops into a definite peak centred at 534.5eV. Associated with these
O(ls) spectra are-the N(1Is) spectra shown in fig. 1(8), an N(1s) peak at 401 eV at low
exposures (150 L) but with a second broad peak, centred at 406 eV, emerging with
increased exposure to nitric oxide, Fig. 2(a) and (b) shows the X-ray induced O(ls)
and N(1s) spectra observed when nitric oxide is adsorbed on copper at 85 K and also
during warming slowly to 295 K. A diminution occurs in the intensity of the high
binding energy O(1s) and N(ls) peaks at 534.5 and 406 ¢V respectively. At 143 K
no evidence for either of these peaks is present.  The O(1s) peak at 531.5 ¢V remains

*1L =10-*Torrs,
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iall b d in the ture range 85 to 143 K other than some slight

evidence for intensity developing on the low binding energy side of the peak. At
295 K the shift in the O(ls) binding energy to lower values is very obvious, the peak
being now centred at 530 eV, representing a shift of nearly 2¢V. The N(Is) peak at
about 401 eV also diminishes in intensity above 143 K until at 295 K no evidence for
any nitrogen surface species is present.
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FiG. 1.—(@) O(1s) spectral region at 85 K for (i) copper film; (ii) after exposure to 150 L of NO(g);
(iii) 300 L of NO(g); (iv) 450 L of NO(g). (b) N(1s) spectral region as for (a).

The obvious conclusions are that two different molecular adsorption states of
nitric oxide are formed on copper at 85 K, thermal activation leads to desorption of
all the nitrogen but, prior to desorption, dissociation of nitric oxide also occurs since
at 295 K we have evidence for an O(ls) peak ch istic of chemisorbed oxygen
(530€V). This is further supported by the absence of any surface nitrogen at this
stage. When (fig. 3) a clean copper surface at 295 K was exposed to nitric oxide the

e

P T

R et T S LT



e r———

1396 ADSORPTION OF NITROGEN SPECIES oN Cu

z"‘ 1-2“ /70"

V4

=

© 143K

oK
85K

clean
metal

530 538 540
eV

295K
A e s e 295
e T 1K

s i
w WM
no%

t n a5k
' g
W‘—WM
355 400 3 L0S L.IO :
eV

Fic. 2.—(a) O(15) spectral region for clean metal and after adsorption of NO at 85 K, followed by
warming adlayer to 295 K., (6) N(1s) spectral region as for (a) above,

X-ray spectra showed, after an exposure of 6x 10° L, the anticipated O(1s) peak at

530 eV but, in addition and rather surprisingly, an N(1s) peak at 397 eV which inten-

sified only slightly after further exposure (6x10*L). The N(Is) intensity was shown

in other experiments not to change appreciably in the €Xposure range 600 to 6 x 104 L.

This low binding energy peak at 397 eV is assigned to chemisorbed nitrogen adatoms
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on the basis of previous studies !+ * of dinitrogen, ammonia and nitric oxide and also
of atomic nitrogen with copper,'° where a similar value was observed. Table 1 sum-
marises the N(1s) and O(1s) binding energies and the O(ls) : N(Is) ratios. We draw
particular attention to the decrease in the FWHM values with increasing temperature.

We next examine the evidence from the u.v. (Hel and IT spectra). Fig. 4(a)
shows He(I) spectra for clean copper at 85 K (curve 1) and after adsorbing NO at this
temperature (curve 2). Peaks are seen to be present at about 6, 9 and 13 eV below
the Fermi level with some “ filling in  of states within about 1 ¢V of Ez. On warm-
ing the adlayer the peaks diminish in i ity with no evids for them at 295 K.

Bxi0’L Gl
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Fia. 3—(a) O(1s) and (5) N(1s) spectral regions after exposure of clean copper (A) to 6x 10 L of
NO (B) and 6x 10* L of NO (C) at 295 K. 3

The He(I) spectrum is, however, now very different from that of the clean metal,
distinct structure being present within 0.5 eV of Ey, attenuation of the d-band, i.e.,
within 2 eV of Eg and some evid of enh di ity in the 6 ¢V regiom The
He(IT) spectrum at 85 K, fig. 4(b), substantiates the He(I) peaks observed at 6%V, the
broad band at 9 eV (separate peaks at 9.5 and 11 eV in the He(IT) spectrum) and 13 ¢V.
On warming to 295 K the peaks at 9.5, 11 and 13 ¢V disappear, but clear evidence for
a peak at about 5.8 eV is present. Interaction at 295 K gave only a peak at 5.8 eV
in the He(Il) spectrum. This is in accord with the molecule being dissociated at
295 K. Table 2 summarizes the peaks observed with both He(I) and He(II) radiation
together with the known peaks in NO(g).

We have, therefc for two molecularly adsorbed NO species at 85 K.
Examination of the spectra suggests that thermal activation of the adlayer at 85 K
leads to desorption of the high binding energy molecule and dissociation of the lower
thins & PRI

nergy d by chemisorption of oxygen and recombination of
the nitrogen adatoms followed by desorption of dini No nitrog ins on
the surface at 295 K. On the other hand, when copper is exposed to NO at 295 K
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F16. 4.—(a) He(I) spectra for clean Cu, NO adsorbed on Cu at 85 K and during warmine tha adiauar
tn 205 K A B -
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TABLE 1.—THE N(1s) AND O(1s) BINDING ENERGIES AND FWHM VALUES FOR SPECIES FORMED
DURING THE ADSORPTION OF NITRIC OXIDE ON COPPER AT 85 K FOLLOWED BY WARMING THE
ADLAYER TO 295 K in vacuo. THE O(1s) : N(1s) RATIOS ARE ALSO GIVEN

o(1s) N(19) O(12) :N(1s)
dotails BERY FWHM BE/V i
interaction at 85 K
exposure to NO at 531.7 43 401.4} 38 1.0
5% 107 Torr for 5 min 406.3 ¥ 5
further exposure to NO at 531.7} 59 40|.8} 40 11
107 Torr for 5 min 534.9] 2 406.3 i F
further exposure to NO at 531.6) 401.5
10-% Torr for 5 min susp 38 weg 40 08
further exposure to NO at 531.6 401.8
10-5 Torr for 15 min Sl 4o W3} 310
warmed in vacuo to: 110K 530.2 401.5} 30 13
| 531.7} 4.0 405.8 & 5
! 534.7
143K 530.2 401.6
| {S3I.4 39 406 } 3.0 L5
! 534.5 (weak) very weak
183K broad peak 3.6 weak and very
1 broad large
220K 5303 30 - — w0
4
295K 530.0 25 - - -]

TaBLE 2.—He(I) AND He(IT) PEAKS FOR ADSORPTION OF NO ON COPPER AT 85 AND 295 K
TOGETHER WITH THOSE REPORTED FOR NO(g)

NO(g) He(l) 9.26 1565 1684 17.55 1839 192
NO/Cu 5x 10~ Torr S——

NO for 10 min., 85K He(I) 148 594 8.30 9.35 1118 13.10
NO/Cu 5x 10~7 Torr,

10 min., 85 K He(ID) 5.98 9.51 10.98 13.10
NO/Cu after warming

adlayer formed at

85-295 K He() 148 5.84 = = e o
NO/Cu interaction at

295 K (6000 L) He(ID 583 - = — =

dissociative chemisorption occurs, resulting in strongly chemisorbed nitrogeﬂ and
oxygen adatoms. We consider next how surface stoichiometry provides further
information on the molecular events.

SURFACE STOICHIOMETRY AND REACTION SCHEME

Using a sensitivity factor of 1.7 for the O(ls) : N(ls) intensity ratio we find that at

85 K the ratio of oxygen to nitrogen present on the surface isclose to 1: 1. This is
b iated further by ing N(1s) : Cu(2p) and O(1s) : Cu(2p) ratios. At85K
the N(1s) : Cu(2p) ratio is 0.22 while the O(1s) : Cu(2p) ratio is 0.24. Therefore, we
conclude that within the limits of error there is no evidence for nitrogen desorption
from the surface at 85 K ; the stoichi y is i with our lusion from
both X-ray and w.v. data that nitric oxide is adsorbed molecularly. After warming
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the adlayer from 85 to 295 K no surface nitrogen was detectable at 295 K ; about 40 %
of the *“ oxygen ” present at 85 K is desorbed (as NO) while the rest has been trans-
ferred by thermally induced dissociation of nitric oxide into chemisorbed oxygen.
For the interaction of NO at 295 K the O(ls) : Cu(2p) and N(ls): Cu(2p) ratios are
identical at about 0.05, which indi equal ions of surface nitrogen and
oxygen adatoms.

A schematic representation of the molecular processes occurring at 85 K and on
warming the adlayer to 295K is given below, together with the surface coverages
[ eqn (1)] and the molecular assignments of the N(1s) and O(ls) binding energies.
It is clear from the temperature dependence of the N(15) peaks that the most weakly
held species is that of highest binding energy [406 eV, fig. 2(a)] desorption being com-
plete at 142 K. This species is obviously associated with the O(ls) peak at 535 eV
[fig. 2(a)) which also has a sub ially diminished i ity at 142 K, and with no
evidence of it being present at 183 K. In contrast the N(ls) peak at 401 eV is still
clearly present at 183 K. We assign the 406 eV peak to NO*+(ads) species in keeping
with the charge-binding energy relationship, [i.e., the higher the N(1s) binding energy
the smaller is the el density iated with the species], the known electron-
donor character of nitric oxide and the infrared evidence for such species in the
chemistry of nitric oxide. Furthermore, recent work on the interaction of nitric oxide
with aluminium ** has shown that the surface species characterised by an N(1s) value at
406 ¢V is desorbed specifically by water, leaving the “species ” with an N(Is) at
401 eV largely unaffected. Water, like NO, is also a strong electron donor and will
be adsorbed at similar surface sites to the NO**, In the He(I) spectra [fig. 4(a)] the
orbitals observed at 6 and 9.5 eV at 85 K diminish in intensity with increasing tem-
perature until at 220 K there is no evidence for them. Since these orbitals can be
correlated with peaks in NO(g), the spectra provid big idy for desorp-
tion of molecular NO. The spectrum at 220 K [fig. 4(a), curve 6] is of course not
typical of clean copper, the d-band being greatly d with some additional

REACTION SCHEME

Scheme for Adsorption and Thermally Induced Dissociation of Nitric Oxide
Adsorbed on Copper in the Temperature Range 85 to 295 K. N(ls) and O(ls)

binding energies as well as esti d surface ges (o) calculated using eqn (1).
The adlayer is warmed under a dynamic vacuum (~10-° Torr).
85K
NO(g) —— NO*-(ads) + NO**(ads)
o = 0.8x10'* ¢cm-? o = 0.5x10'% cm~2
N(ls) = 401 ¢V N(ls) = 406 eV
O(ls) = 531.5¢V O(ls) = 535eV
l 295K |l 295K
IN(g) +0*(ads) NO(g)
O(ls) = 530eV
o =0.6x10"* cm—2
295K
NO(g) —— N°-~(ads) + 0O*~(ads)
N(ls) = 397 eV O(ls) = 530 eV
¢ = 0.25x10'S cm~2 o =025%10"* cm~*

Note: The coverages quoted are for a particular experiment but in five separate
studies the values did not deviate more than +8 7
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structure present in both the 4 and s-bands. The latter are due to strongly chemi-
sorbed oxygen species formed by the dissociation of NO®*~(ads) and characterised by
an O(ls) value of 530 eV. It is important to note that almost all the NO*~(ads) species
fissociate but no nitrogen is ined by the surface above a temperature of 200 K
[fig- 2()]. At 295 K nitric oxide is dissociatively chemisorbed (fig. 3) giving an equal
concentration (2.5 x 10'* em=2) of N(ads) and O(ads) species. There is no evidence
for molecular NO at this tempg ; these ions therefi P the
maximum possible at nitric oxide pressures of up to about 10-* Torr, although expo-
sure to O,(g) at 295 K produced an increase in the O(ls) peak height. The total
oxygen surface concentration after exposure of copper first to nitric oxide and then
oxygen (5x 10~° Torr, 10 min) was ~4 x 10'* atoms cm~2 and the nitrogen 2.5 x 10+
atoms cm™2,

The total surface concentration (NO’-+NO?%) at 85K is 1.3 x 10'* molecules
em~2. This is close to the density of copper atoms if we assume equal proportions
of (111), (110) and (100) planes to be present in the polycrystalline film surface. We
suggest, therefore, that both NO?- and NO** species are each bonded linearly to a
single copper atom, the former dominating at low coverage, and the latter at high
coverage [fig. 1(@)). On the other hand, during interaction at 295 K the total concen-
tration of nitrogen and oxygen adatoms is 0.5 x 10° cm~2 (Pyo =~ 10-% Torr). How-
ever, if each adatom is bridge-bonded to two surface copper atoms, then the number
of copper atoms involved in bonding is 10'® cm~2, which approaches the theoretical
maximum. This point is further exemplified by exposure of this surface to O,(g)
where the final concentration at the surface was 6.5x 10'* atoms cm~2.  Assuming
bridge-bonding this is equivalent to all the surface copper atoms (1.3 x 10'* cm~2)
being involved.

This model further explains the ab of nitrog d. after warming the
adlayer from 85 to 295K, since the oxygen adatoms (0.6 x 10'* cm~2) present at
295 K would occupy nearly all the surface copper sites since 1.2 x 10'5 cm~2 would
be involved in bonding. Evid for nitrogen and oxygen being bridge-bonded on
copper is available from LEED studies ' ' where with Cu(100) the chemisorbed
layer has the /2 x /2 R45° structure. The details of the transformation of the nitric
oxide molecule from a linearly bonded confi ion to a bridge-bonded form, with
total exclusion of the nitrogen adatom from the adlayer, must await further studies
combining LEED with electron spectroscopy.

ADSORPTION OF AMMONIA

The adsorption of ammonia on copper and preoxidized copper was studied by
X-ray photoelectron spectroscopy at 295 K. With atomically clean copper, ne ad-
sorption was observed at low pressures of ammonia (< 10-* Torr), however, at higher
pressures (~10~* Torr) a broad (FWHM = 3 eV) N(Is) signal was observed centred
at about 398 ¢V. This is not ch istic of molecularly adsorbed ia, which
has * a characteristic N(1s) value at 400 eV. Clearly the adsorption of ammonia is
at least partially dissociative on copper at 295 K. When a preoxidized copper surface
was characterized by electron spectroscopy (fig. 5), there was no evidence for surface
nitrogen, but the strong O(1s) signal was, as expected, at a binding energy of 530 V.
After exposing this surface to ammonia at about 10~* Torr for 10 min at 295 K, the
O(1s) signal had almost disappeared and a strong N(1s) peak had developed at 398 ¢ V.
Ammonia evidently has dissociated on adsorption, giving rise to hydrogen adatoms
which have removed the surface oxide as water leaving a surface covered by nitrogen
species with a binding energy of 398 ¢V. This is ~1 eV higher in energy than that
typical of N adatoms (397 eV). On cooling to 85 K at an NH, pressure of ~10-7
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Torr a substantial N(1s) peak develops at 400 eV ; this is reversible and typical 4 of
(ads).

When we examine the relative intensities of the O(1s) and N(1s) peaks we find that
the number of oxygen atoms removed is equal to the number of nitrogen species
adsorbed, the ratio being 1:1. We interpret these observations as reflecting the
dissociation of NH;, followed by mdqau‘on of the surface oxide with the simultaneous

formation of the nitrogen surface species.  We can, therefore, account for the stoichio-
metry of the surface process as follows :

NH;(g) + O(ads) — NH(ads) + H,0(g).

(i)

) 0]

eV

Fic. 5.—(a) (i) N(1s) spectral region for oxidized copper before exposure to NH,(®); (i) N(1s) peak

after exposure to NH,(g) (5x 10~ Torr, 10 min, 295 K); (i) N(1s) spectral region after cooling (ii)

to 85K in the presence of NH,(g) at 10~% Torr pressure.  (b) (i) O(1s) spectral region of oxidized

copper at 295 K; (ii) O(1s) spectral region -n(cr cngsing oxidized copper to NH;(g) at 295 K [see
@), (ii)).

This scheme is also in accord with the observation that the N(1s) value is, at 398 eV,
i.e., about 1 eV higher than that of N(ads); NH(ads) species should exhibit somewhat
higher nitrogen binding energy than nitrogen adatoms,

The reaction between ia and oxidized copper occurs with a low activation
energy. We suggest that the driving force for the dissociation of NH; arises from
strong hydrogen-oxygen bonding. A natural consequence of this is the lowering of
the activation energy for dissociati ; this isneenqualilat.ively in terms of the Lennard-
Jones potential cnergy profile for a chemisorption process, There is, therefore, a
direct parallelism here with what we observed '3 during the topochemical reaction

w
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Fi6. 6.—(a) N(1s) spectral region for the adsorption of N,H.(g) on copper: (1) Cu at 85K, (2) Cu+
NO adsorption at 85 K (10-7 Torr, 10 min) followed by warming this adlayer to 295 K. (b) He(I)
spectra of N2H, adsorbed on copper: (1) clean Cu, (2) Cu+ N3 Ha(g) (10-° Torr for 10 min), (3) after

cooling (2) to 85 K in NH,(g) at 10-? Torr.
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between hydrogen Iphide and oxidized lead in the t range 85 to 290 K :
the oxygen desorbed as water leaving lead sulphide; similarly the activation energy
Was no more than a few kJ mol-!.

ADSORPTION OF HYDRAZINE
The adsorption of hydrazine on a number of metal surfaces has been studied by
kinetic methods,** but no electron spectroscopy data have been reported. Fig. 6(a)
shows the N(1s) spectrum after exposure of a clean copper surface to N,H,(g) at 85 K
and after subsequent warming to 295 K. The N(ls) binding energy is at 400 eV with,
as expected, a greater intensity at 85 K than at 295K ; there is also no evidence for
itional peak after i

desorption occurs of the extra N;H, which had adsorbed at85K. The He(I) spectra
of the clean copper, after adsorption of N:H,(g) at 295 K and 85 K are shown in fig.

b); peaks are observed at ~45, 6.5 and 10.5eV (broad) below the Fermi level.
We interpret these data as reflecting molecular adsorption of hydrazine on copper at

85K. Our observations 14 with iron contrast with these results in that at 295 K
initial int ion leads to dissociation giving chemisorbed nitrogen adatoms [N(ls) =
397 eV] but further exposure leads to more adsorption with N(1s) peaks at 398 and
400eV. The former we assign to NH(ads) species and the latter to N, H,(ads).

GENERAL COMMENTS

By bining d valence level pies various mol Pprocesses have
been recognized ; table 3 summarises the O(1s) and N(ls) binding energies for the
surface species involyed. In the case of nitric oxide the surface chemistry is ascribed to
a two-way electron transfer Process, and the linearly bonded species we have designated
NO* jg clearly analogous to the nj ium ion (NO*) which is isoelectronic with
CO. We, therefore, would expect the nitrogen—oxygen bond in NO** to be appre-
ciably stronger than in NO(g), 700 kJ mol~*, probably approaching that in CO(g),
1000 kJ mol-, It is, therefore, reasonable that thermal activation would lead to
desorption of the NO**(ads) species rather than dissociation ; this view is supported
by our data. We esti from the t at which NO*(ads) desorbs (150 K)
a heat of adsorption of about 50 kJ mol-*,

TABLE 3.—A T OF (eV) T0 SURFACE spECies
NO%(ads)  NO#-(ads) Nads) Ofads) NH(ads)  N.tfgads)
N(1s) 406 401 397 ~ 398 400
O(1s) 535 531.7 ~ 530 ~ ~
Similarly the nitrogen—oxygen bond in NO*(ads) will be weakened by back bond-
ing of el into the antibondi g orbital ; this agrees with our experimental evi-

dence for NO*-(ads) being a precursor to dissociation. The process of dissociation,
although activated, has an activation energy of no more than a few kJ mol-! since
dissociation is observed at 120K. Although we intuitively expect that the molecule
is bonded to the surface at 85K via the nitrog, atom, nitrogen elimination, leaving

P . The
contrast with our observations ;: 295 K, where nitric oxide is dissocinﬁvcl;fchcmi-
sorbed to give both bridged-bonded Oxygen and nitrogen adatoms, is clearly intriguing.
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Hydrazine is molecularly adsorbed over the temperature range 85 to 295 K. The
N(1s) binding energy is 400 ¢V, which is identical to that observed in a study * of
nitrogen interaction with iron at 85 K and, therefore, adds weight to assigning it to a
bridge-bonded dinitrogen species. Activation of both the N—N and N—H bonds is
more facile with iron where evidence '* was obtained for both N(ads) and NH(ads)
species. In the interaction of NHj(g) with oxidized copper the N(1s) value of 398 eV
is assigned to NH surface species on the basis that the hydrogen ligand increases the
effective positive charge on the nitrogen atom leading to a small increase in binding
energy, and the observed stoichiometry of the process which also indicates surface
NH species. Although considerable care needs to be exercised in assigning core-
electron binding energies to particular surface species, we believe that, when coupled
with information on surface stoichiometry, valence-level spectroscopy, and a compari-
son of different but related molecules with metals of inherently different reactivity,

i are possible with bl fid
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