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ABSTRACT: Nickel and palladium dispersed on titania
support were submitted to reductive treatment, under
hydrogen, at 200 and 500 °C. After the reductive thermal
treatment the materials were exposed to carbon
monoxide (10 Torr) and analyzed in the infrared region.
The increasing of the electronic density in the metallic d
subshell, produced by the reductive thermal treatment,
was monitored by the infrared stretching band shift of
carbon monoxide adsorbed and it was interpreted as a
consequence of the metal-support interactions. The
highest effect was observed for Pd/TiO, system. From the
FTIR spectra was also observed that the hydrogen
spillover was stronger on Pd/TiO, than Ni/TiO, system.
KEYWORDS: metal-support, infrared, titania, carbon
monoxide, hydrogen spillover, palladium, nickel

Introduction

The infrared spectroscopy analysis using probe molecules,
like carbon monoxide adsorbed on the metal, has been an



useful tool on the dispersed metal properties
study.®*1%1719 When the dispersed metal is reduced to
high temperature, the electronic density in the d subshell
should be increased due to the strong metal-support
interactions, thus the dispersed metal can promote a
stronger back-bonded metal-carbonyl and the CO bond
became weaken.®>"*? Therefore the carbonyl coordinated
stretching band position change to lower wavenumbers.
Consequently the carbonyl band energy position is
inversely correlated to the metal electronic density.

The metal-support interactions were reported for the first
time in 1978, and it was primarily interpreted as a
morphological effect, where the reduced support produces
an expansion in its ionic crystal lattice due to the
decreasing in the electrostatic attraction, since reduced
species are formed.»**?°2*  However, electronic
interpretations was also made, in this case the metal-
support interactions are considered as a charge
transference from the reduced support to the dispersed
metal.?>1118:25 Thjs effect produces an increasing in the
electronic density in d subshell of the dispersed metal.

The hydrogen spillover mechanism, that consist in
adsorption of molecular hydrogen followed its dissociation
and migration of the atomic hydrogen from metal to the
support bulk, was already reported for metal dispersed
materials that present strong metal-support interactions,
like Pt/TiO,.>>

In this work, nickel and palladium were dispersed on
titania that is a typical reducible material. Reducible
thermal treatments at 200 and 500 “C were performed for
the materials and the electronic densities in the d subshell
of the dispersed metals were compared, using the FTIR
analysis of the carbonyl bands. After the thermal
treatment at 200 °C the materials were also submitted to
hydrogen and the spillover mechanism could be also
detected by using the FTIR analysis.

Experimental
Synthesis of Pd/TiO, and Ni/TiO>

Acidified aqueous solutions (0.2 mol.L™) of PdCl, and NiCl,
was dropped under constant stirring on to TiO, (anatase)



(P25 Degussa). The solids was stirred for 2 h and then
dried at 110°C for 16 hours. The resulting materials were
assigned as Pd/TiO, and Ni/TiO,, respectively. The metal
quantities added were calculated to obtain a 1.5 % of the
metal loading.

Reductive thermal treatment

Self-supporting disks of Pd/TiO, and Ni/TiO, with an area
of 5 cm? and a weight of 50 mg were prepared, heated to
200°C under vacuum (1073 Torr) for 1 hour and submitted
to 200 Torr of oxygen for 1 hour at 200°C. The oxygen
was degassed (1072 Torr) for 1 h at 300°C. After that, the
materials were submitted to 200 Torr of hydrogen at
200°C (LTR - low temperature of reduction) or 500°C (HTR
- high temperature of reduction) for 1 hour, and finally
degassed at the temperature of 300°C for 1 h under
vacuum (1073 Torr).

IR analysis

The disks of materials were analyzed in the infrared
region, in situ. The IR cell ° was connected to a greaseless
vacuum line in which the system could be submitted to
carbon monoxide or hydrogen, with pressure control. The
equipment used was a Shimadzu, model 8300. The
spectra were obtained with a resolution of 2 cm™, with
150 scans.

Results and Discussion

It was already related that reducible supports, like titania,
after being submitted to HTR treatment (500 °C), undergo
a partial reduction.?*>?%21:24 |n the titania case, TiO.
species were detected and sometimes the presence of the
Ti-alloys with the dispersed metal were allowed and this
behavior IS attributed to the metal-support
interactions.**?° However at low temperature of reduction
(200 °C), the reduction of the titania support was not
evident. On the other hand, group 10 metal salts, can be
easily reduced to metallic state under high and also under
low temperature of reduction.

Considering that changes in the metal electronic density in
the d subshell can be detected by infrared band shift of
the carbon monoxide adsorbed, the electronic metal-



support interactions could be observed by this technique.
The spectra of Pd/TiO,, submitted to 10 Torr of carbon
monoxide are shown in the Figure 1. The spectrum la was
obtained after reduction at low temperature (LTR). The
band at 2100 cm™ is due to the linear carbonyl stretching
band coordinated to metallic particles,®>*? the band at
1984 cm™ was attributed to p-CO species,**° while the
band at 2187 cm™ was assigned to carbon monoxide
physically adsorbed.'® After reduction at high temperature
(500 °C) the Pd/TiO. spectrum shows a linear and p-CO
band position shifts to lower wavenumber, 2096 and 1976
cm™, respectively (Figure 1b). This is an evidence that
palladium is in a more reduced state, i.e.. the d subshell
of palladium shows an increase in the electronic density,
that produces a stronger back-bonded carbonyl bond with
consequent weakness of the C-O bond. This increasing in
the electronic metal density is possible due to the strong
metal-support interactions that produce a charge
transference from the reducible support to the dispersed
metal. After HTR treatment there is a pu-CO band area
decreasing in relation to the LTR treatment (see Table 1).
The p-CO / linear-CO infrared band area ratio decreasing
is an evidence that the HTR treatment do not produces
the metal particles agglomeration, and the electronic
metal density can be only explained taking into account
the metal-support interactions. Thus this spectral feature
is also an evidence that strong metal-support interactions
occur, since the metal particles agglomeration are
inhibited by the interactions with the support.??
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Figure 1: FTIR absorbance spectra of Pd/TiO:
exposed to 10 Torr of carbon monoxide. a)

reduced at 200 °C: b) reduced at 500 °C. With
the same scale.

Table 1: p-CO / linear-CO infrared band area ratios.

Treatment Pd/Ti0- NiTiO;
LTR® 0.63 0.24
HTRD 0.42 0.55

% = Reduced in 200 Torr of hydrogen at 200" C;
b = Reduced in 200 Torr of hydrogen at 500°C.

In the Figure 2 are shown the spectra of Ni/TiO, material,
exposed to carbon monoxide, after reduction at low (LTR)
and high temperature (HTR). It can be observed that the
Ni/TiO, material present a very close spectra for both
reductive treatment (LTR and HTR). It was interpreted as
an absence of metal-support interaction. In the nickel
case, the spectra show an additional band in 2128 cm™.
This band was already detected for others authors * and it
was assigned to linear carbon monoxide coordinated to
partially oxidized nickel. After HTR treatment (Figure 2b),
the pu-CO band area undergoes a increasing when
compared with LTR treated samples (spectrum 2a) and it



is also an evidence that the metal-support interactions are
not significant in this case, since the bridge species are
formed preferentially in the agglomerated particle.??
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Figure 2: FTIR absorbance spectra of Ni/TiO,
exposed to 10 Torr of carbon monoxide. a)
reduced at 200 °C; b) reduced at 500 “C. Whit
the same scale.

The infrared analysis using carbon monoxide as probing
molecule revels that the metal-support interactions are
stronger for Pd/TiO, than Ni/TiO,. This result can be
interpreted considering the comparative Fermi level of
group 10 metals. Palladium presents a higher Fermi level
(4d subshell) while Ni is a 3d element. Therefore, we
observe that the detection of the electronic metal-support
interactions by FTIR, using carbon monoxide adsorbed,
may be influenced by the electronic structure of the
metal. For platinum that present the highest Fermi level of
group 10 metals, it was already reported that the metal-
carbonyl back-bonding is strongly influenced by changes
in the electronic density due to the metal-support
interactions.® However for nickel with the lowest Fermi
level, changes in the electronic density due to the metal-
support interactions are not detected by using the present
technique.



The spectra in the OH stretching region for Pd/TiO, and
Ni/TiO, submitted to hydrogen at room temperature, after
being reduced to 200 °C (LTR) are shown in the Figure 3.
It was possible to observe the band at 3675 cm™ due to
vou Of TiOH species. For Pd/TiO, material, the increasing
in the hydrogen pressure produces an another OH
stretching broad band with a maximum in ca. 3400 cm™.
This result is a clear indication of the water formation on
titania. The water appearance in the material can only be
interpreted considering the hydrogen spillover
mechanism, where the molecular hydrogen is firstly
adsorbed on dispersed palladium and then dissociated in
hydrogen atoms, that migrate from surface to the bulk to
react with the oxygen species of the titania support.®***8
This effect was not evident in the Ni/TiO, case.
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Figure 3: FTIR absorbance spectra in the
OH stretching region of the LTR-treated
materials after being submitted to hydrogen:
a) 10 Torr; b) 22 Torr; ¢) 50 Torr; d) 100
Tarr; ) 200 Torr. With the same scale.

Hydrogen spillover was already reported for platinum
dispersed on titania. In platinum case this effect was very
strong since electronic defects in the microcrystalline level
were noticed.?* Thus we can infer that the spillover effect
may be also related with the metal Fermi level and it can
be studied by using the FTIR analysis.



The hydrogen adsorption properties of palladium are very
known, however these systems are still a very import
research field, since they can be used as hydrogen
sensors.®

Conclusions

The increasing in the electronic density in the d subshell,
produced by metal-support interactions can be detected
by infrared using carbon monoxide as a probe molecule,
on Pd/TiO,, but not on Ni/TiO, material. The M-CO back-
bonding increasing produced by the metal-support
interactions is related to the metal Fermi level. The
infrared spectroscopy can be also used to study the
spillover hydrogen at room temperature. The hydrogen
spillover was detected for Pd/TiO,, but it is negligible for
Ni/TiO, material. In the Pd/TiO, case the hydrogen
presence in the titania bulk was detected by the water
appearance, that is related to the hydrogen pressure.
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RESUMO:Niquel e paladio dispersos no suporte titania
foram submetidos a tratamento redutivo com hidrogénio a
200 e 500 °C. Ap6s esse tratamento os materiais foram
expostos a monoxido de carbono (10 Torr) e analisados
na regidao do infravermelho. O aumento da densidade
eletrénica no subnivel d do metal, produzido pelo
tratamento térmico redutivo, foi monitorado pelo
deslocamento da banda de estiramento do monoxido de
carbono adsorvido, e foi interpretado como sendo
consequéncia da interacdo metal-suporte. O maior efeito



foi observado para o sistema Pd/TiO,. A partir dos
espectros no infravermelho, foi possivel observar também
que o spillover de hidrogénio € mais forte no Pd/TiO, do
que no Ni/TiO».
PALAVRAS-CHAVE: metal-suporte, infravermelho,
titAnia, monoéxido de carbono, spillover de hidrogénio,
paladio, niquel.
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