e JOURNAL OF

i MOLECULAR
: R 4 CATALYSIS
2 jm\"‘,‘! s A: CHEMICAL

ELSEVIE Journal of Molecular Catalysis A: Chemical 187 (2002) 119-128 _———
www.elsevier.com/locate/molcata

Study of the surface acidity of an hematite powder

Luca Ferretto, Antonella Gliseriti
Dipartimento di Chimica Inorganica, Metallorganica ed Analitica, Universita di Padova, Via Loredan 4, 35131 Padova, Italy
Received 10 October 2001 ; received in revised form 2 January 2002; accepted 14 March 2002

Abstract

In this work, the interaction between-Fe,0O3 (hematite) powder samples and pyridine, 2,6-dimethyl pyridine, carbon
monoxide and carbon dioxide was studied, at atmospheric pressure as well as under high vacuum (HV) conditions. The
powder was characterised by means of diffuse reflectance infrared Fourier transform (DRIFT) and X-ray photoelectron
spectroscopies (XPS), X-ray diffraction (XRD) and thermal analysis (TGA-DSC).

Chemisorption experiments at atmospheric pressure were studied by means of DRIFT spectroscopy while those carried out
under HV conditions were followed by means of quadrupolar mass spectrometry (QMS) and XPS.

The study of the interaction of pyridine witk-Fe,O3 allowed us to appreciate the presence of both Brénsted and Lewis
acid sites on the powder surfaces. Moreover, the use of CO as probe molecule indicated the existence of non equivalent Lewis
acid sites. Finally, C@may interact with the powder sample either reacting with surface OH groups giving rise to bicarbonate
species, or with surface cations and neighbouring oxide ions to originate bidentate carbonate species.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction iron oxide based catalyst as well as to design more
active catalytic systems.

Iron and iron oxide based catalysts have been In this regard, it should be stressed that methanol
widely used in several industrial processes such as chemisorbs mainly dissociatively on hematite (the for-
dehydrogenation, oxidation and Fisher-Tropsch syn- mation of formate is evident at temperatures higher
thesis[1,2]. Nevertheless, only a few studies about than 400 K[18]) while on a Fe—Ti—O mixed oxide the
the chemisorption of small inorganic and organic chemisorption is mainly molecular. Incidentally, it is
molecules on iron oxides have been so far published also noteworthy that oxidising power of the mixed ox-
[3—-20] and many aspects of the reactivity of hematite ide is lower than that of R©gz; [21] thus the study
surfaces are not yet completely understood. of the acid/base and redox character of surfaces is of

As a matter of fact, a detailed knowledge of the dis- great relevance to look into the adsorbate—substrate
tribution and strength of the active sites of iron oxide interaction, as well as to get further insights into the
surfaces is fundamental to understand the reactivity of reaction involving surface chemisorbed species.

This paper is part of an ongoing experimental and

theoretical study of surface properties of iron based
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reason the interaction of theFe,O3 (hematite) pow- HV reactor, directly connected to the XPS analysis
der with pyridine, 2,6-dimethyl pyridine (lutidine), chamber, allows us to work in flow conditions; more-
carbon oxide and carbon dioxide was investigated.  over, volatile products were characterized by means
Chemisorptions were carried out both at atmo- of a quadrupole gas analyser (European Spectrometry
spheric pressure (in inert atmosphere) and under Systems (ESS)). Background gases contribution to the
high vacuum (HV) conditions. In the former case spectrum were eliminated by subtracting to the spec-
the reaction was investigated by means of a FTIR trum recorded after the chemisorption the one obtained
spectroscopy while XPS and quadrupolar mass spec-just before. Mass spectra assignments have been done
trometry (QMS) have been joined for experiments by referring to the fragmentation patterj2¥]. More-

carried out in HV conditions.

It is well known [2,22] that pyridine can interact
with Lewis and Bronsted acid sites (hereaftérdnd
B2, respectively) distributed on the oxide surface giv-

ing rise to different adsorbed species. Their charac-

terisation allows to distinguish among different acid
sites. At variance to thaf23—-26]lutidine mainly in-
teracts atop with exposed@Bs a consequence of its

over, all mass data were analysed by using the method
proposed by Ko et a[28], and the temperature of the
pellet was evaluated through a thermocouple directly
in contact with the sample-holder.

The exposure of powder samples to probe molecules
in the FTIR equipment has been done by using the
Spectra-Tech. Inc. COLLECTOR apparatus for dif-
fuse reflectance infrared Fourier transform (DRIFT)

steric hindrance. CO is a very weak base largely used spectroscopy fitted with the HTHP (high temperature

to probe L& acidity while carbon dioxide is preferred
for the investigation of the Lewis base siteQXl[ZZ].

2. Experimental
2.1. Sample preparation

a-Fe0O3 was prepared by precipitation from an
acid solution of F&" jons. This solution was ob-
tained dissolving 10g of iron powder in acid solu-
tion; iron hydroxide was precipitated adding WEH
(Sigma—Aldrich, 28%). The precipitated was filtered
and washed with bi-distilled water until pH 7; it
was then dried at 523 K in air for 12 h and calcined at
773K in air for 6 h. Before the chemisorption in HV,

high pressure) chamber. In this regard it should be
stressed that for the chemisorption of pyridine and lu-
tidine, the HTHP chamber was filled with nitrogen
vapours flowing through a bubbler containing the lig-
uid while for CO and CQ@the outlet was directly con-
nected to the reaction chamber.

2.3. FTIR measurements

The IR spectra were obtained by means of a Bruker
IFS 66 spectrometer working in diffuse reflectance
mode and displayed in Kubelka—Munk unj29,30]

The resolution of the spectra was 4t The sample
temperature was measured through of a thermocouple
inserted into the sample holder directly in contact with
the powder.

the sample was processed as a pellet (the powder was

pressed at % 108 Pa for 10 min) and evacuated for
20 min at room temperature (RT).

2.2. Reaction conditions

Pyridine and lutidine employed for chemisorption

2.4. XPS measurements

XP spectra were recorded by means of a Perkin-
Elmer PHI 5600 ci spectrometer with a standard Al
Ka source (1486.6 eV) working at 350 W. The work-
ing pressure was less tharx1.0-8 Pa. The spectrom-

experiments (Sigma—Aldrich, spectroscopic grade) eter was calibrated by assuming the binding energy

were used without further purification.
The exposure of the pellet to pyridine and lutidine

(BE) of the Aw7,2 line to be 84.0 eV with respect to
the Fermi level. Extended spectra (survey) were col-

under HV conditions, was carried out at temperatures lected in the range 0—-1350 eV (187.85 eV pass energy,
ranging from RT to 723K, at a total pressure of ca. 0.4eV step, 0.05s per step). Detailed spectra were
4 x 10~*Pa. Pyridine and lutidine vapours were ob- recorded for the following regions: C 1s, O 1s, Fe

tained by evaporation under vacuum. The employed 2p (11.75 eV pass energy, 0.1 eV step, 0.1 s per step).
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The standard deviation in the BE values of the XPS Table 2
line is 0.10 eV. The atomic percentage, after a Shirley XPS data (BE in eV) for Fe, R©s and related compounds. (The

type background subtractiof31] was evaluated using
the PHI sensitivity factor$32]. To take into account
charging problems the C 1s peak was considered at
285.0 eV and the peaks BE differences were evaluated. 15 work

2.5. Thermal analysis and XRD

Thermogravimetric analysis (TGA) and differential
scanning calorimetry (DSC) were carried outin a con- 7€
trolled atmosphere using the simultaneous differential
techniques (SDT) 2960 of TA Instruments. Thermo-
grams were recorded at 4 and “IDmin-1 heating
rates in air or nitrogen flow. The covered temperature

ranges from RT to 1273 K.

X-ray diffraction (XRD) patterns were obtained
with a Philips diffractometer with Bragg-Brentano
geometry using a Cu &« radiation (40kV, 40 mA,

A = 0.154 nm).

3. Results and discussion

3.1. Sample characterisation

The sample was characterised by means of XRD,
XP and DRIFT spectroscopies as well as by thermal

analysis (TGA-DSC).

XRD pattern Table 1) coincides with that of
hematite,[33] and the crystallite mean diameter is

around 21 nni34].

The XPS survey of the calcined sample shows the
presence of carbon contamination while nitrogen,

Table 1

XRD data ¢, nm) obtained for the €3 powder compared to

the JCPDS card values

BE difference between Fe 3?79 and O 1s,ABEre2p 01s are also

showrftP:¢)
Fe 2%/2 O 1s ABEfre 2p32-01s
711.0 530.0 181
531.0
532.7
a-FeO3 710.7-710.9 529.6-529.9 180.8-181.3
FeO 709.3-709.9 530.0 179.6-179.9
706.8-707.4

FeO3 (this work)

FeOs; (hematite}

2.700 (100)
2.519 (70)
1.694 (45)
1.841 (40)
3.684 (30)
1.486 (30)
1.454 (30)
2.207 (20)

2.700 (100)
2.519 (95)
1.694 (50)
1.840 (45)
3.684 (28)
1.485 (37)
1.451 (37)
2.205 (30)

2 Joint Committe on Powder Diffraction Standard: card number

33-664.

2NIST Standard Reference Database 20, version 3.0.

b[32].
c[36].

(another possible contaminant because of the prepa-
ration procedure) was never observed.
The Fep,, peak lies at 711.0eVTable 2 and

Fig. 1, i.e.

in comparable agreement with litera-

ture data for Fe(lll) in FgO3 [35-37] Furthermore,
both the energy position of the O 1s peak position
(530.0eV) and the BE difference between O 1s and
Fe2pg/2 peaks, ABE(omFez%ﬂ), agree with the

Intensity (a.u.)
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>

Intensit;

Fig. 1. Fe 2p
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and @ XPS spectra obtained for the-FeOs

(hematite) powder (a) before the chemisorptions, after the

chemisorption

of (b) pyridine and (c) carbon dioxide at RT. The

fitting results obtained processing thesXP peak are also shown.
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expected valuesHg. 1 and Table 9. The obtained 1.4
O/Fe atomic ratio is 1.4. Finally, the asymmetry of - ] A N, (@)
the O 1s peak on its higher BE sideig. 1) suggests - / “g
the presence of surface hydroxyl groyps]. 3 1.0 [ ‘
In principle these OH groups can be classified ac- S 08
cording to three different types: free or isolated OH 2
groups, H bonded OH groups and OH groups interact- q@) 0.6
ing with chemisorbed water molecul§38,39] The g 0.4 1

distribution of these groups is a function of the prepa- ]
ration conditions, such as temperature and sample de- 0.2
hydration degree. |

The O 1s XPS peak fitting procedure showy( 1) 00 T
three contributions centred around 530.0, 531.0 and 3800 3400 3000 2600
532.7eV. The peak at 530.0eV is due to the Fe-O Wavenumber (1/cm)

bonds while the other two bands suggest the presence,
on thea-Fe O3 surface, of chemically non-equivalent
OH groups.

The IR spectrum (at RT) of the-Fe,O3 in the O-H
stretching region is reported iig. 2a Here a broad
and intense band at ca. 3400ch(with a shoulder
around 3200 cm?) and several quite narrow peaks at
3622, 3663, 3690 and 3740 cthare evident.

The broad band at ca. 3400chis ascribed to
H-bonded watef40]. According to this assignment
its intensity significantly decreases with increasing
temperatureKig. 29. As far as the band shape is con-

Intensity (a.u.)

cerned it agrees with the presence of two contributions, T T !, I . T T T T
thus suggesting the existence of water molecules inter- 1700 1600 1500 1400
acting with the FgO3 surface in different ways. Con- Wavenumber (1/cm)

sistently, the bending vibration peak of wateid. 2b)

is composed by two contributions at ca. 1540 and Fig. 2. IR spectra obtained for the-FeOz (hematite) powder

1640 cnti. All the remaining peaks are attributed to before the heating treatment (—) and after the heating treatment

the stretching vibration of free (3690 and 3740¢in 323K (), 373K (---), 423K (—-), 473K (—); (a) region

and H-bonded (3663 and 3622 ch) OH groups. In between 2600 and 3800 crh (b) 1400 and 1750 cnt.

particular, the peak at 3622 crh correspond to OH

groups H_bonded to water mo'ecu|m]_ MOVing to the ana|ySiS Of TGA da.ta the inSpeCtion
The distribution and reactivity of these OH groups ©f the spectrum shows that weakly bonded water is

strongly depends on the preparation procedure, theemoved between 400 and 410K; no weight loss is

Samp|e history and the exposed facEﬂ]l thus observed at hlgher temperatures. The DSC SpeCtrUm

Suggesting the poss|b|||ty of tuning the acid/base confirms the Sample Stablllty in the investigated tem-

character of a reactive surface through an appropriate P€rature range.

preparation route.
3.2. Reaction with pyridine
1 As a matter of fact, slightly different results have been ob-

served on an hematite sample obtained by precipitation of the The IR spectrum ofv-Fe;03 exposed at RT to a

hydroxide from an iron nitrate solution: the surface resulted more - . . . .
significantly hydrated and the peaks due to the stretching vibration pyrldlne+ N2 mixture @:Ig. 3) is characterised by the

of the isolated hydroxyl groups became visible only at tempera- Presence of several peaks lying at: 1639, 1606, 1591,
tures higher then RT. See al§t8,19] 1583, 1541 (with a shoulder around 1560¢r)) 1483,
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123

FTIR data (cnT!) of pyridine adsorbed on hematite; the reference

data concerning pyridine are also reported

Py/Fe O3 (this work) Pyridiné
8a 1639 1583 (vs.)
1606
8b 1591 1572 (m)
1574
1541
19a 1483 1482 (s)
19b 1443 1441 (vs.)

a[63].

Wavenumber (1/cm)
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Intensity (a.u.)
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Fig. 3. IR spectra obtained after the exposure of éhEeO3
(hematite) powder to the pyriding N> mixture at RT (—), and
after flowing N> for 10 min at RT (--).

1465 and 1443 cmt. The signal around 1583 cth

is consistent with the presence of a liquid layer of
pyridine (which also contributes to the peak around
1443 cnrl) [42]. Liquid-like pyridine can be easily
removed by nitrogen and in fact the IR signals ob-
served after the pitreatment are centred around 1639,
1606, 1591, 1574 (weak), 1541, 1483 and 1443tm
(Table 3andFig. 39. The position of these peaks in-
dicates the presence of pyridine bonded fb(Bere-
after py-B¢, 1639 and 1541 cmt) and L2 (hereafter
py-L2 1606, 1483 and 1443 cm) [22,43] Moreover,
the feature at 1591 cnt agrees with the formation of
pyridine H-bonded to the E©3 surface[4].

As far as the strength of theZlis concerned,
the quite low shift of the peak 8a (séég. 3) upon
chemisorption (from 1583 to 1606cth Ay =
23cnm1) suggests the presence of medium strength
L2 [22,44]

Moving to the region of the O-H stretchings
(Fig. 3b the peak at 3700 cm suggests the pres-
ence of free OH groups. Furthermore, its intensity
increases after exposure tg Mnd the further peak
appearing at ca. 3550 cth is in theme with the for-
mation of H-bonded OH groups. As a whole, these
data seem to suggest that pyridine interacts with the
OH groups distributed on the-Fe,O3 surface[4,42]
and that the M flow has the capability to remove the
weakly chemisorbed species.

In a previous papefl9] we suggested that water
molecules H-bonded to the isolated hydroxyl groups
have the effect of shifting their O—H stretching from
3720 to 3620-3630 cnt. Water can be removed by
heating treatments (as confirmed by the intensity in-
crement of the peak at ca. 3720Th).

In the present case no heating treatment has been
carried out before exposure, thus we can assume
the OH groups at 3622cm bonded to the wa-
ter molecules. Pyridine molecules can interact with
the free (3740 and 3690-3700ch) or H-bonded
OH groups (3663cmt). The interaction with the
H-bonded hydroxyl groups can free new OH groups
justifying the increase of the peak at 3700 chob-
served after the exposure to pyridine. Moreover, the
intensity increase of the isolated and H-bonded OH
groups follows from the pyridine desorption.

The IR spectrum of the:-Fe,O3 exposed to pyri-
dine at RT and heated at 373 K for 10 min is reported
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Fig. 4. IR spectra obtained after the exposure of thEeO3 Fig. 5. IR spectra obtained after the exposure of thEe,O3

(hematite) powder to the pyridireN, mixture at RT (—), and after (hematite) powder to the 2,6-dimethyl pyridinutidine) + N2
heating the obtained system at 373 K)( IR spectra obtained after ~ mixture at RT (—), after exposure of the obtained system tpa N

the exposure of the-Fe 03 (hematite) powder to the pyridireN2 flow for 10min at RT (--) and after heating treatment to 373K
mixture at 473K (---). (---).
in Fig. 4. The intensity of the py-£ peaks decreases It is of relevance to note that the presence of pyri-

more than that of the py8 thus suggesting that the dine on the iron oxide surface was never revealed
bond between pyridine and thé is weaker than the by XPS (at exposure temperatures between RT and

bond between pyridine and th&€ B 473K) [45]% . This may indicate that the interaction
The spectra obtained after exposure ofdhEe,O3 between pyridine and hematite surface is not strong
powder to pyridine at 373K are shown ig. 4. As enough to withstand the vacuum conditions. Inciden-

it can be observed the py2IB2 peaks intensity ratio  tally, it is worth of note that the vacuum conditions
increases with the temperature of exposure (from 1.7 also cause the condensation of the weakly bonded OH
at RT to 4.7 at 373 K) suggesting that the treatment at groups and the decrease of the Bronsted acidity.
group
373K causes the decrease of tHg @robably because
of the condensation of adjacent OH groups. 3.3. Reaction with 2,6-dimethyl pyridine
This resultis consistent with the behaviour observed
for the a-Fe,0O3 powder heated at increasing temper-  The IR spectrum of thev-Fe0O3 obtained after
atures. Ag a mater of fact the h.eatlng' treatment of exposure at RT to a lutidine N, mixture is shown in
the hematite powder causes the intensity decrease ofgjg 5 The spectrum investigation reveals the presence
the peaks attributed to the H-bonded hydroxyl groups f several peaks centred around 1602, 1583, 1470 and
centred around 3663 and 3.6_22&‘(':'9- 2 1458 cntL, Lutidine is a probe molecule more specific
The chem|sorptlon of pyridine was also carried out 4 pyridine with respect to the2Bvhen adsorption
under HV conditions and followed by means of XPS 5 nerpendicular to the planar surfaces. This char-
and QMS. Both the Fe 2p and O 1s peaks position and geeristic relies on the steric hindrance of the probe
shape and the O/Fe atomic ratio do not change after ,gjecule as well as on its higher basicityklp= 6.7
exposure to pyridine at RT or at higher temperatures. o |utidine and 5.2 for pyridine]26]. Once again,

These results suggest that the interaction with pyridine he |R peaks observed after exposure to the Iutidine
does not induce any alteration of thd=e,O3 surface.

Moreover, the QMS results never ShOW_' at temperature 2 Incidentally, the sensitivity of XPS range around the atomic
lower than 473 K, the presence of species derived from percent that is usally enough to allow the observation of less than
the oxidation or decomposition of pyridine. a monolayer grown on a surface at this purpose.
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Table 4 0.12
FTIR data (cnm?l) of 2,6-dimethyl pyridine (lutidine) adsorbed on
hematite; the reference data concerning 2,6-dimethyl pyridine are 0.10 -
also reported . i /\\
L/Fe,03 Lutidine® = 0.08 1 / \
~ E / \
8a 1645 1590 2 0.06 - | \
1603 Z ] / \
3 [ \
8b 1580 1582 g 0.04 1 r‘ \\
19a 1470 1 / |
19b 1455-1457 1460 0.02 4 / \
“[64] Y ]

TP T TTr T TTTd
2120 2080 2040 2000 1960

are compatible with the presence of a liquid layer of Wavenumber (1/cm)

lutidine and analogously to the pyridine case, IR spec-
trum Obtam?d f_ifte_r the N_reat_mem I_Flg. 9), clearly Fig. 6. IR spectrum obtained after the exposure of dhEeO3
shows that liquid-like lutidine is easily removed. (hematite) powder to the CO at 143K.

IR peaks observed after the, xposure, Table 4
and Fig. 5), are centred around 1603, 1580 and

1 .

1455-1457 cm” and suggest the presence of 2,6-dim- ¢raquencies observed for the iron (11l) carbonyl com-
ethyl pyridine co-ordinated to the surface acid sites. plexes (50cm? < Av < 100 cnt?) [51]. Moreover

_The IR spectrum of the-F&03 exposed 10 luti- 5 gimilar behaviour was observed by Casarin et al. for
dine at RT and heated at 373K (for 10 min) is shown 4 interaction of CO with O3 [52].
in Fig. 5 The inspection of the spectrum shows the  The proad band shape suggests the presence of sev-
presence of the 2,6-dimethyl pyridinium ion as in- g5 contributions, and thus of non equivalent Lewis
dicated by theltwo peaks centred around 1645 and g sites on the R©3 surface. The fitting procedure
1455-1457cm” [46]. The existence of the pyri-  gjows to individuate four contributions centred around
dinium ions confirms the presence of exposed B 2054, 2041, 2024 and 2012 chcorresponding to the

In contrast to that, the heating treatment causes the oyistence of different acid sites.

condensation of the OH groups and then the abrupt e shift values (with respect to the C—O stretching
decrease of the Bronsted acid sites as confirmed by,,ajue of the free CO molecule) agree with the pres-
the IR spectrum obtained after the exposure of the ence of middle and high acid strength sites. In the case
Fe03 powder at the 2,6-dimethyl pyridine at 473K: ot the iron oxide the experimental CO stretching fre-
as a matter of fact, no traces of lutidine bonded to the quency is a complex function of the Lewis acidity of

oxide surface are evident at this temperature. the cations and of its-electron donating powef22]
still the heterogeneity of the acid sites distribution on
3.4. Reaction with carbon monoxide the hematite surface can be suggested by the experi-
and carbon dioxide mental outcomes.
Several Author attempted to compare the behaviour
The interaction between CO andFeOs is still of polycrystalline samples and well-defined model sur-
a controversial matter and several authors obtained faces. This correspondence is not so straightforward
different result447-50] for hematite.a-Fe,O3 natural growth faces are the

The IR spectrum recorded after the chemisorption (00 1) and (01 2J53]. As a matter of fact the reactiv-
ofthe CO atca. 143 Kis shown Ifig. 6. The spectrum ities of thea-FeO3 (00 1) surface and of a powder
investigation reveals the presence of a broad peak cen-sample are different: as an example, methanol adsorbs
tred around 2020-2060 crk; the peak position testi-  molecularly on thex-Fe,Oz (00 1) surfacg54] while
fies a red-shift phenomena. It is noteworthy that our the interaction is mainly dissociative on the nanopow-
results are not inconsistent with the terminal carbonyls ders[18]. Moreover, IR results suggest a mechanism



126

of esterification involving the OH groups distributed
on the oxide surfacf8]® .

In powder samples the predominantly exposed faces
depend on the preparation procedure and particle size;
[55] a-FexO3 microcrystals exposing preferentially
low index faces (mainly prismatic) can be obtained by
thermal decomposition af-FeO(OH)[48].

In our nanocrystalline sample both prismatic
and hexagonal dipyramidals faces seem to be evi-
dent (Table 1. In high oxygen pressure condition
spin-density functional theory ab initio calculation
predicted an unrecostructed and relaxed~e,03
(001) surface oxygen terminat¢®6]. Five-fold co-
ordinated iron ions and threefold coordinated oxygen
atoms are present on the (012) and (11 0) faces while
higher coordinative unsaturation is expected fot‘Fe
ions exposed on the (113) surface. This heteroge-
neous situation can give reason of the IR data.

Moreover, the surface hydroxylation needs to
be considered because of its effect on the surface
structure.

The Fe terminated (00 1) surface, as an example,
should be characterized by a top layer of three-fold
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Fig. 7. IR spectrum obtained after the exposure of dhEe,O3
(hematite) powder to the GOat RT: region between 1000 and
1800cnt?.

The IR spectrum obtained after exposing the
a-Fe03 to COy at RT is shown irFig. 7. The spec-
tral region between 1200 and 1750chincludes
several peaks at ca. 1671 (with shoulders around 1650
and 1620cm?t), 1556, 1396 and 1269 cm (with
a shoulder around 1316 ct). The position of the
bands at 1671, 1396 and 126®Bable 9 is indica-

coordinated iron ions in hexagonal arrangement. tive of the formation of surface bicarbonate species
Molecular dynamics calculations on the hydroxylated [58,59] as a consequence of the interaction between
surface suggest that the relaxation energy tends to keepCO, and the surface OH. At variance to that the weak

the iron layer in a four-fold coordinated stder].

Moreover, in powder samples structural and chemi-
cal defects can play an important role in surface reac-
tivity: low coordinated F&" ions, as an example, can
be exposed in edge and corners.

The IR peak observed after exposure to CO
(2054, 2041, 2024 and 2012cH) can be tenta-
tively assigned to the interaction with five-, tetra- and
three-fold coordinated P& ions but further experi-
mental and theoretical investigations are needed.

3 On an “ideal” dehydroxylated surface, the mechanism can be
dissociative, to produce hydroxyl and alkoxy groups, or molec-
ular, by interaction of the alcohol molecules with Lewis acid or
basic sites. Other chemisorption modes can be possible on an
hydroxylated surface: replacement of molecular water present on
the surface; esterification with acid surface hydroxyls reversible
adsorption on the surface hydroxyls. Methanol is chemisorbed
mainly dissociatively whereas molecular chemisorption is preva-
lent in higher alcohols. When methanol is chemisorbed, Heating
treatment atl’ > 400K induces the formation of formate while
hydrocarbons are the main products of the other alcohols.

contributions around 1556 and 1316 chagree with

the formation of surface bidentate carbonate species
[58-61] as a consequence of the adsorption of,CO
on a Lewis acid/base site constituted by the metal ion
and the neighbouring oxide id62].

Rochester et a[4] studied the interaction between
CO, and ana-Fe,0O3 (hematite) powder synthesised
by decomposition of a ferrigel precipitate (obtained by
mixing aqueous solution of NaOH and FeLIThese
authors observed a peak centred around 1320-ah
ter the exposure at Cf an hematite powder heated
at 713 K while no evidence for the adsorption of £0
could be detected on hematite heated at 973 K.

In our case, the presence of the bicarbonate species
is well evident and suggests a high hydroxylation of
the surface; the surface bidentate carbonate species
form in a lesser extent.

The chemisorption of carbon dioxide was also car-
ried out under HV conditions and followed by means
of XPS and QMS. The Fe 2p and O 1s XPS peaks
position and shape as well as the surface atomic com-
position, do not change after the exposure to,GD
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Table 5
FTIR data (cnml) of carbon dioxide adsorbed on #&&; powder; the reference data concerning carbonate and bicarbonate species are also
reported

CO,/Fe03 Carbonate Complex Organic Bicarbonate
(this work)
C=0 stretching 1577-1493 1870-1750 1630-1620
Asymmetrical stretching C-O 1671 1420-1470 1338-1260 1280-1252 1410-1400; 1370-1290
Symmetrical stretching C-O 1396 1082-1055; 1050-1021 1021-969 1050-1010; 1000-990
O-H bending 1269
a[s8].

RT or at higher temperatureBi(. 1). This result sug-

gest that the interaction betweenFe,O3 and CG

is weak and cannot withstand the vacuum conditions.
Moreover, the QMS results never show, at temperature
lower than 473 K, species derived from the decompo- 5.
sition of the carbon dioxide.

over the IR data agree with the formation of sur-
face bidentate carbonate suggesting the presence
of active sites constituted by a metal ion and the
neighboring oxygen.

The evacuation of the reaction chamber by means
of nitrogen and thermal treatments at 373 and 473 K
have been used to investigate the strength of the
acid sites.

. The chemisorption of pyridine and of GQun-

der HV conditions never reveals the presence of
molecules interacting with the surface, thus con-
firming that the interaction between G@nd sur-
face active sites is weak. It is noteworthy that the
interaction never causes the modification of the
a-Fe O3 surface.

QMS results show that the probe molecules were
never decomposed by the oxide surface confirming
their validity as acid/base sites test molecules.

4. Conclusions 6

In this paper the interaction betweerFe,O3 and
pyridine, lutidine, CO and C®was studied.

Thea-Fe,0O3 powder was prepared by precipitation
from and acid solution of iron (lll) ions. The oxide
has the crystallographic structure of hematite and it is
characterised by the presence of Fe—OH bonds; both7'
isolated and H-bonded OH groups are present.

The reactivity of this powder with respect to pyri-
dine, 2,6-dimethyl pyridine, carbon monoxide and
carbon dioxide was investigated both at atmospheric
pressure (by means of FTIR) and under HV condi- Acknowledgements
tions (by means of XPS and QMS).

The authors thank Prof. E. Tondello and Prof. M.
Casarin for helpful discussions and suggestions during
this work; the authors also thank Prof. P. Colombo for
the XRD spectra.

1. As far as the interaction between pyridine and
a-Fe O3 is concerned our results indicate the pres-
ence, on the oxide surface, of both Lewig)Yland
Bronsted (B) acid sites.

2. 2,6-Dimethyl pyridine (lutidine) interacts with
the a-Fe O3 indicating the presence of exposed
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