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No studies on the interaction of hydrazine with iron
stirfaces have been reported although kinetic data for
poth molybdenum and tungsien systems' and an
clection spectroscopic study of adsorption on copper
have been published.? Whereas in the case of capper
both core and valence-level spectroscopies indicated
that  adsorption was mainly  associative in the
temperature range 85 to 295 K, Kinetic studies with
tungsten sapgested that dissociation of hydrazine
oceurred above 220 K. We aie particolarly concerned
hiere with delineating the molecular events occurring
by studying the individual species formed in possible
dissociative processwes at temperatures (85 295 K)
wheie  their inherent  chemical  seactivities are
quenched, Recent ssudies™™ of the interaction of
. NO, and NH with fren, the asignment of
ions N{1<) peaks to pati surface species, and
eneral guestion of sitregen (ivation are further
for this investigati

A Vacuum Generators (ESCA3) election spectro-
neter was used,® dron surfaces were prepared by
evaporation in it in the spectrometer, and hydra:
#ine was obtained frem ihe Mathcson Ca
eylinders™ and purified by vacie distillag
The iron surfaees were fiee of contaming
indicated by the absence of, Jor example. sipnificam
oxygen and carbon peaks in the ({1s) and C(15)
spectral regions. Further experimental detils have
been published elsewhers,

When anron sorface was evposed 1o hydrazine
(OO L) ar 29500 [Figoe 1)) s N(1s) peak
developed at 397.3 ¢V with 2 PWHM valie of about
Sa eV On evacuation and dsing cooling a1 a
hydrazine pressure of 1077 1% 1o 83K, two new
NiIs) peaks emerged at about 98,5 and 400,5 eV,
Exposure 1o hydoazine ot 85K cnhanced  the
intensity of anly the 400.5 eV peak. On warming the
adlayer 1o 295K i veene the 400.5 ¢V feature
disappeared. the photoctectron spectnnm
[Vigure 1id)] being virtwally identical with that
ubserved initially an 295 K [I':j Id }[;‘L}I, The rather
broad N(Ts) peak at 295K is o compusite one, angd
since there is conclusive evidence™* for N(a) 1o be
characterised by 2 value of sbout 397 oV we assign
the lower binding energy component (o this species,
The A00.5¢V peak is due 0 weakly adsorbed
molecular hydrazine, We now examine in more detail
ihe 397399 oV spectial region,

Fimure 2 shows N(ls) spectia avising from the
mteraction of hydevine with an fren surface at
293 K. We nate that after an exposure of 60 1, the
peak is centred at 3978 eV, However, at higher
exposures (600 1) it moves 1o Jower binding encrgy
by about 0.6 eV, An analogous offect can be induced
by thermal activation. the N{Is) value afier heating
the adlayer tormed at 295 10 420 being 396.8 ¢V,
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Figure 1 N{1s) speciral region for clean iron surfaca; afer

adsorption of hydrazing at 235 K [curve (a)], evacuation and
subseguant cooling to 85 K in hydrazine at about 107 Pa
leurve (] ; efter further axpasure 10 hydrazing at 85 K
[curve fel) and warming 1o 285 K in vacuo [eurve [d) ).
Arrows indicate the main N{15) paaks. |n all the experiments
the hydrazing pressure was about 101 Pa,

Analysing conditions: f.5.d; 10° counts !, 100 sV
analysing energy

Mute: Instrumental sensitivity is substantally smaller in thess
experimants than for the data reported in Fiqures 2 and 3.

We suggest that a reaction between NH(a) and
N; Halg) oceurs (eqn. 1) at high exposure leading to a
diift in the peak position to lower binding energy.

INH(a) + HyN-NHy ——— 2NH,(g) + 2N(a)

th
Therefore at 295 K (Figure 1) the species responsible
for the broad N(1s) peak (396399 ¢V) are suggested
to be Nia) and partially hydrogenated (NH, NH;)
species. We have no means of distinguishing
unambigueusly between NH(a) and NH, (a), although
in earfier work? we assigned, on the busis of the
stoicheiometry of the process, an N(15) value of
398 eV to NH(a). Since there is evidence® from both
experimentsl  studies  and  molecular  orbital
calculations for a roughly linear relationship between
the negative charge on the nitrogen atom and the
N(ls) value, we suggest the fol lowing assignments: N,
397 eV, NH, 398 oV, NH, ., 399 eV,

Consider next the thermal activation of an adlayer
formed on a clean iron surface at 85K. After an
exposure 1o hydrazine (90 L) a single N(1s) peak
centred at 400.5 eV was observed, This is due to
molecularly adsorbed hydrazine, On warming, the
intensity of this peak diminished until at 233 K it was
abeut a sixth of that at 85 K (Figure 3); the binding
energy had not changed, but some tailing to lower
binding energy was visible, By compiring the
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Flgure 2 N(1¢) spectrat region tor: clean Fe surface: afver
exposure (60 L) of Fe surface 1o Ny H, (g) ot 205 K [curve
(] ard then hesting 10 420 K feurve (0h] ; after exposue
1600 LY of Fe surface to N H, () at 205 K. [eweve (o))
ANy s g conditions: £5.d: 3\ 10" countss ¥, 100 oV
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Figure 3 Nijtg) $ectra observed during Warning ot thy
varaziae adlaver formed gt 85 10 273 K. Botween 85 ao
233 K 06 new N(TS) fegtunes developed but the i
the 300 6 eV paak deeroised SOSTANLAIY, The suntage at
273K was turther exposeg (600 LY 1o N H, (g ang W)
fa'ly o JI5 N,

A g conditions: 1. 5\ 0 counte st 100 ov

mieasites of the N(1s) and the nodoss Fe(lpy, 0
Peiks avng the procedune deseribed elsewlere? g
extunate that, from the Ny 1s), Fa2pa,e) aren ratio
(WOL), 3t 233K the coneentration of “miogen
SPECIES present is 04 x 10'Sem ™y 02 x 10
hydrazine molecules per em®. 1f the adsorbed hyidea
ane melecule oceupies ahoug 200747 e COVELIge 1
spprosimately half a monolayer. At 200K 5 new
reak emerged at gbour 398 oV, while 41 273 K they
WS present 3 broad peak of low ntensity witly
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posstble i w ghou WIS and 4005 ev
(e 3), Thew s becune more obvioas on
tither exposuee 1o hydeavine (OO0 1) at 273K
Warming the allayer 1 295 K tansleried some of
his inteusity 1 the 397 eVoregion of the spectrum

A significant POt pote, and crucial to the
mechanist of ()i mrtraction an low tempeninneg, g
it the suitce alter WA 0 oom temperature
(Figure 3) s apparently anreactive 1 N ) even
though the (ol NCE) intensiny Bonly abot M4 o)
Wt observed with o dean swilace al the sime
temperature (Fyguge ). Cleatly the active surfyee
SIS are poisoned by hydrogen adatoms still present
40295 Koand not observable by vy photoeletron
s[k'vlms{np) ¥

theie s obviously 1eRehEaiog
echanism sttty duing the interaction with 4
e sitgee w98 g Hpwes 1wl 2y ang
Presumably volving desorption o Ny, NH,, and
Hy. These we the wsay) wiseous oty in ihe
decompasition v Nt by metals,

We sigoest hat benveen 85 and 233K he
predomimant process 3o bond clewvipe o e
moleenlady woglod Nyl iy s lotfewed by
MboRen deseigsiom Joe 1410 il s abegved
olher s (v LT 17 YT R [ OO Nl
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