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NOTES 

XPS Study of the Interaction of Nickel (II) Ions with Alumina 

In the first stage of production of many 
support,ed metal catalysts a solution of the 
metal salt, is added to the support. There 
may be a specific interaction between t.he 
metal salt and the surface of the support 
which inff uences the subsequent propertics 
of t,he catalyst, e.g., well-dispersed sup- 
ported metal catalysts are frequently pro- 
duced by ion exchange of the metal wit’h 
the carrier (1). Nickel ions are known to 
adsorb strongly on alumina (,2). The ad- 
sorbed nickel ion is then readily oxidized to 
a high-vale& species, in contrast, to the 
behavior of the parent metal salty (3). At 
ambient temperat,ures the strongly ad- 
sorbed nickel ions probably incorporabc 
surface oxide or hydroxide ions into their 
hydration spheres (4). Under certain con- 
ditions, at higher temperatures, a nickel 
aluminate can be formed (5). 

Previously (is), we have interpreted the 
ease of oxidation of nickel ions adsorbed on 
alumina in terms of the basicity of oxide 
or hydroxide ligands associated with the 
nickel. We now determine whether X-ray 
photoelectron spectroscopy (XPS) can 
provide information on the surface nickel 
complex. The spectra are proccsscd by 
computer, which averages several scans. 
The error bars represent. the 67y0 confidence 
limit. Approximat,ely 3 hr was required to 
collect the data for one spectrum. 

To correct for charging, particles of gold 
were mixed wit’h the sample, which was 
mounted on double-sided Sellotape, and 
the binding energy, BE, of the gold was 
assumed to be 83.8 eQ. Alternatively, the 

sample was mounted on a gold mesh and 
the carbon impurity was taken as reference 
at BE 2135.0 eQ. Nickel~alum~nas were 
obtained by equilibrating a solution of the 
appropriate salt with y-alumina, rinsing 
once and then drying the sample at 1OO’C 
(unwashed), or washing thoroughly and 
t,hen drying at 100°C. 

The BE of a mct’al ion is related to the 
net charge on the ion, which varies accord- 
ing to t’he ligands involved (6-g). A correc- 
t,ion must be made, however, for the charg- 
ing of the insulator sample. Recent studies 
(9, IO) of t.he reproducibility of BE deter- 
minations among several laboratories have 
shown that standard deviations of approxi- 
mately ~0.3 to 0.5 eQ may be expected, 
irrespective of the method of correcting for 
charging. Relative BEs of several com- 
pounds obtained with a single instrument 
are probably more reliable, though reported 
energy differences (9) (e.g., A12p-A12s) are 
consistent to only approximately f0.2 to 
0.3 eQ. Therefore considerable care must 
be taken when interpreting BE data from 
adsorbed species at insulator surfaces. 

Table 1 gives the BEs of the compounds 
examined. The mean BE of the A12p level 
in the alumina support is 74.2 f 0.2 eQ. 
This value may be compared with t0he 
average BE, obtained from several labora- 
tories (9), of 74.7 f 0.6 eV. Our absolute 
value of the A12p BE falls within the range 
of the reported values, and our standard 
deviation is Iow, as expect*ed from measure- 
ments on a single instrument. The gold 
particle admixture method of charge cor- 
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s2p Reference 
_.. ._-____ 

AI1 
All - 
Au - 
c - 
c - 
c - 
A!1 169.3, 169.@ 
At1 
Al1 
Al1 - 
All - 
illI - 
Au - 

i\n 168.6 

t211 169.1 
illI 168.8 
.4r1 169.3 

Ar1 - 

Ail 168.7 
._~~.. --._~~. .-~-- ..._l_~~-__ 

a Reference (8). 
b Reference (1.1). 

r&ion is thereforr apparently satisfactory, netic transition metal compounds show a 
though ,Johansson et al. (11) report difi- satellite st’ructure associated with the core 
culties with a similar graphit’e mixture on a 1~~~1 peak. These satellites have been 
nonconducting backing. The BE of nickel assigned to ligand-metal charge t,ransfcr 
in nickel nitrate or sulfate adsorbed on transitions (12) but, their origin is still 
aiumina is less t~han the corresponding bulk ~ont~ro~~~rsi:~l (13). Howevrr, the sat.ellite 
value (Table 1). This suggests that, after posit,ion and structure are undoubt.edly 
adsorption, nickel is attached to relativt4y related to tht\ t,ypcs of ligands involvcxd. 
more basic ligands. ‘J’h(\ BE of adsorbed The 12p~,s spectra of nickel in the bulk ni- 
nickei is close to the value for nickel trate and hydroxide, and in the aluminate, 
hydroxidr, and slightly highcr than t,hc BE prepared from nickel nitrate adsorbed on 
of nickel in nickel aluminate. Th(> latter alumina (5), are shown in Fig. 1. The 
compound has a distinct, blue color and is satellite struct’urca are symmetrical and are 
unlikely to be formed by nickel adsorbed similar for all three samples. The weak 
at ambient, t~emperature (5). The BE dat,a int’cnsity of the nicke1 aluminate spectrum 
MY: therefore consistent with incorporation may be the result, of incorporation of nickel 
of surface oxidr~hy~~ro~i(~o ligands int,o the b&w the surface. ‘I’hc spectrum of nickel 
nickel coordination shell. However, the in nickel nitrat,<> adsorbed on alumina is also 
~lncr~rta~nty in BEs makes furthrr cvidcncc giver-1 in Fig. 1. The satellite structure is 
desirable. similar to that of t,htt above compounds, 

‘l’hc photoelectron sp(kctra of pnramag- The spectra of nickel in bulk nickel 
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sulphate heptahydratc heated to 100 and 
300°C are shown in Fig. 2. The molar 
ratio (14) of water to nickel is probably 1: 1 
at 100°C and 0.5 t’o 1.0: 1 at 300°C. The 
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FIG. 1. Nicker 2pa,2 spectra of nickel nitrate (a), 
hydroxide (b), aluminate (c), and nickel nitrat,e 
adsorbed on alumina (d), 

e--- A BE, CV 
FIG. 2. Nickel 2p,,, spectra of nickel sulfate hepta- 

hydrate heated to 100°C (a) and 3OOT (b). 

satellite structures are markedly asym- 
metric in both ,sampIes. Asymmetry in the 
sateliite structure may be associated with a 
distortion in the cryst,al &ructure (15). 
There is also a slight difference in the 
satellite struct,ure between the two samples, 
which is apparent with t,he computer- 
processed scans. The number of strong acid 
surface sites increases considerably when 
nickel sulfate heptahydrate is heated (14) 
from 100 to 300°C. It is disappointing that 
the corresponding change in the spectra is 
small. 

The nicke1 spectra of nickel sulfate 
adsorbed on alumina are shown in Fig. 3. 
At low adsorptions the satellite structure 
becomes symmetric. It is evident, there- 
fore, that an alteration in the ligands has 
occurred. The similarity of the spectra 
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FIG. 3. Nickel 2~31~ spectra of nickel sulfate adsorbed on alumina, unwashed (a) and washed (b). 

(and BE) of nickel in adsorbed nickel 
sulfate and bulk nickel hydroxide suggests 
that the adsorbed nickel is bound to surface 
oxide/hydroxide groups. 

An XI’S signal from sulfur in adsorbed 
sulfate was observed (BE 169.0 t:V, cf. 
169.3 eV for the bulk compound), com- 
mensurate with the adsorbed nickel signal. 
The sulfate may be bound to an adjacent’ 
acidic site. 

As the amount of adsorbed nickel sulfate 
is increased, the nickel and sulfat’e ions 
come into closer contact. The spectrum of 
nickel at high concentrations, on the un- 
washed samples, is intermediate between 
the spectra of the bulk sulfate and hydrox- 
ide (Fig. 3). If the samples are washed 
thoroughly after adsorpt)ion on the nickel 
sulfate, the weakly bound mat,erial is 
removed and the spectra then show only a 
symmrt,ric satellite corresponding to the 
strongly bound nickel (Fig. 3). 

The sat,ellite data therefore give further 
evidence for the interaction of adsorbed 
nickel ions with the surface oxide/hydroxide 
groups. 

These result,s are in agreement wit,h our 
previous conclusions, from t’he study of 
the rcact,ion of ozone with nickel ions on 
alumina (3), that low adsorptions produce 
nickel ions bound to basic ligands, and high 
adsorptions result in, effectively, nickel 
sulfate being deposited at the surface. 

X-ray irradiation causes considerably 
less damage than electron irradiation (16). 
Scvertheless, reduction of surface species 
by the X-ray beam has been observed (6, 7). 
The black high-valnnt nickel species, pro- 
duced from the reaction of ozone with 
nickel ions on alumina (3), was susceptible 
to reduct,ion by the X-ray irradiation, and 
decomposed rapidly to a white material. 
The high-valcnt nickel species was not 
dct’ected therefore by Xl%. 
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