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The calcination of α-AlF3 · 3H2O forms a β-AlF3 phase which
is catalytically active for dismutation of C1-hydrocarbons such as
dichlorodifluoromethane. The stepwise replacement of aluminum
by chromium and magnesium leads to considerable alterations in
structure and surface properties of the calcination products. This
is accompanied by significant changes in the catalytic activity. The
synthesis of the catalysts was carried out by coprecipitation of mixed
metal fluoride trihydrates and subsequent calcination procedures.
The stepwise replacement with chromium leads to a rebuilding of
the lattice from the pseudo-hexagonal tungsten bronze (HTB) struc-
ture of β-AlF3 into a cubic pyrochlore structure of CrF3−x(OH)x.
Hexagonalβ-CrF3 or mixed crystalsβ-(Al,Cr)F3 were not obtained
via this route. The maximum catalytic activity for CCl2F2 dismuta-
tion was obtained for the 50% chromium sample, which is accompa-
nied by a maximum BET surface area and a maximum number of
Lewis acid sites. CrF3−x(OH)x exhibits a dramatic loss of catalytic
activity as well as BET surface area. Possible explanations are given
by comparing the pseudo-hexagonal tungsten bronze structure with
the cubic pyrochlore structure with regard to accessibility of the
Lewis acid metal cations. The presence of hydroxyl groups within
the pyrochlore lattice enables the formation of hydrogen bridge
bonds which is accompanied by a shielding of the metal cations.
In the case of the replacement with magnesium the aim was to tune
the strength of the Lewis acidity. The catalytic activity of the cal-
cined samples passes through a maximum at the 10% magnesium
sample. Due to the decrease of the strength of Lewis acid sites with
further increasing Mg content, the catalytic activity is more and
more diminished. At 50% Mg and higher the strength of the Lewis
acid sites is no longer sufficient to catalyze the dismutation. c© 1996

Academic Press, Inc.

INTRODUCTION

Fluorinated aluminum oxides and aluminum fluorides
are widely used as catalysts for the heterogeneous Cl/F ex-
change on hydrochlorocarbons. It is well established that
the addition of further metal ions affects the activity and
stability of the catalyst. The most common catalyst prepara-

1 To whom correspondence should be addressed.

tion method is based on the impregnation of γ -alumina with
metal salt solutions and subsequent HF treatment. For the
manufacture of CF3–CH2F by fluorination of CF3–CH2Cl
with HF the catalyst consists of a metal fluoride (e.g., Co,
La, Ni, Mg, or Ru) supported on AlF3. It is obtained by
fluorination of impregnated Al2O3 using HF (1). A very
similar procedure is reported for a chromium-doped alu-
mina (2). Further doping metals are Fe and Mn (3), leading
to a minimization of undesired side products.

Unfortunately, there are invariably insufficient data in
patents about the crystal modification and surface proper-
ties of the fluorinated catalysts. The pure oxides are not
active. A preactivation with hydrogen fluoride or fluorine-
containing halocarbons is required. After that, the surfaces
contain metastable metal fluoride species, e.g., β-aluminum
fluoride (4). Dismutation reactions are observed during and
after activation with C1 halocarbons such as CHClF2 or
CCl2F2. The reaction pathway proceeds via preadsorption
of the C1 haloalkane on strong Lewis acid sites (5).

For a better understanding of the activity or inactivity
of solid phases it is desirable to simplify the complex situ-
ation on the surface of fluorinated oxides. Therefore, it is
useful to investigate those metal fluoride phases which can
be identified after activation processes. Here, β-aluminum
fluoride plays the most important role (4, 5). It is a good
model substance for the investigation of metal doping in-
fluence on Lewis acidity and catalytic activity. In the litera-
ture about replacement and doping effects on the catalytic
activity there are many publications about the γ -alumina
system, but almost nothing about cationic replacement on
aluminum fluoride. Nevertheless, some experiences might
be transferred from the γ -oxide into the β-fluoride system.

γ -alumina has been doped with alkaline metals (6, 7),
alkaline earth metals (8), transition elements (9, 10), rare
earth metals (11), and elements of the fourth main group
(12). A replacement of Al with Mg in γ -alumina results
in a decrease of acid sites of weak and medium strength,
whereas the strong sites remain unchanged (6). Since the
dehydration of the probe molecule 1-butanol was found to
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decrease with increasing Mg content, it was concluded that
Lewis acid sites of medium strength are responsible for the
catalysis of the probe reaction. The diminishing of acidity
is accompanied by an increase of basicity (7, 13).

Many authors have studied the Brønsted acidity as a func-
tion of the dopant concentration (e.g., Ref. (9) and refer-
ences therein), but here it is obvious that any prediction of
behavior cannot be transferred to the metal fluoride sys-
tem since Brønsted acidity is not expected on the surface
of pure fluorides. In contrast, fluorinated oxides as well as
partially hydrolyzed metal halides exhibit Brønsted acidity
(5, 14).

There are in fact two reasons to investigate the influence
of metal replacement on the catalytic activity in the β-AlF3

system:

(i) There is no evidence, yet as to where the doping met-
als on fluorinated oxide surfaces are located. Two cases are
possible; either they statistically replace aluminum, or there
are several solid phases in the surface region. In fact, there
are only a few publications that deal with the characteri-
zation of the surface phases formed during the activation
procedure (e.g., (4, 5, 14, 15)).

(ii) Even if one starts from well-defined doped oxide
phases, it is not expected that one will obtain well defined
fluorinated phases after activation.

For these reasons this paper deals with cationic replace-
ment on α-AlF3 · 3H2O (which is the precursor of β-AlF3) to
enable comparisons to be made between catalytic effects
and doping-induced alterations in structure and surface
properties.

As replacing metals those were selected which
are reported to have catalytic effects, e.g., chromium
(rCr3+ = 62pm) or magnesium rMg2+ = 72 pm) (compare
rAl3+ = 54 pm (16)). All modified catalysts were prepared
by coprecipitation of metal fluoride trihydrates (Al, Cr)
or metal fluorides (Mg) and subsequent calcination. De-
pending on the amount of Cr and Mg the calcination prod-
ucts offered different degrees of partial hydrolysis, different
lattices, different surface acidities, and, therefore, different
catalytic properties. The alterations are presented as a func-
tion of the dopant concentration (varying from 0 mol% up
to 100 mol% content of the replacing metal ion). Inter-
actions between surface, structure, and Lewis acidity are
discussed.

EXPERIMENTAL

Preparation of the Catalysts

Basic aluminum acetate Al(OH)(CH3COO)2 was dis-
solved in 40 wt% hydrofluoric acid. A solution of the doping
agent was prepared by dissolving chromium(III) nitrate or
magnesium nitrate in ethanol, respectively. Then, the latter
solution was added to the first. The precipitate was sep-

arated and calcined under argon flow (temperature pro-
gram, maximum 420◦C). The sample powder was covered
by aluminum foil to allow a “self-produced atmosphere.”
The concentration of the replacing metal is given in mol%
of the total metal content. All sample notations refer to
the concentrations of the initial solutions. The final metal
contents (calcined precipitates) were determined by ICP-
AES for those samples that were soluble in phosphoric acid
(standard deviation ±1%).

All samples were characterized by X-ray powder diffrac-
tion (CuKα radiation) and FTIR photoacoustic spec-
troscopy. The determination of the fluoride contents was
carried out according to Ref. (17). The standard deviation
was below 2%. The specific surface areas of the samples
were determined using a ASAP 2000 system (Micromerit-
ics) based on the nitrogen BET method (maximum exper-
imental error ±1%).

Determination of Catalytic Activity

The probe reaction used is the dismutation of CCl2F2,

2CCl2F2 →← CClF3 + CCl3F. [1]

The products undergo further dismutation reactions (18,
19). In detail, a constant weight of 0.6 g of the catalyst was
used in a flow reactor (nickel tube). A residence time of
2 s was set up by adjusting the appropriate gas flow. First,
the sample was calcined under nitrogen flow at 400◦C for
1 h and then subsequently treated with a CCl2F2 flow at
390◦C. The composition of the gas phase at the exit of the
reactor was determined by gas chromatography column:
Poraplot u, i.d. 0.53 mm, length 25 m). Results will be pre-
sented as plots of the conversion of the starting substance
CCl2F2 due to the dismutation reaction in Eq. [1] versus
time of activation. The experimental error on the conver-
sion did not exceed ±5%.

Temperature-Programmed Desorption

The temperature-programmed desorption of ammonia
as probe molecule was employed for the determination
of the strength distribution of acid sites. An adsorption
feed of 18 ml ammonia was fed to 0.5 g of the solid sam-
ple at 100◦C (flow system, permanent nitrogen flow). Af-
ter that, a temperature program was started (following the
feed pulse for 5 min isothermally 100◦C, programming at
7.5 K/min up to 475◦C, total run time 55 min). An FTIR
flow cell was used for detection of desorbed ammonia. Fur-
ther details are given in Ref. (5). Tables 1 and 2 present
amounts of desorbed ammonia per gram of catalyst with
regard to the relevant desorption temperature region be-
tween 325–400◦C. Previous studies (5) have shown that this
particular acid strength interval correlates with the catalytic
activity.
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TABLE 1

Element Composition, Specific Surface Area (BET), and
Amount of Desorbed Ammonia (TPD region 325–400◦C) of Var-
ious Cr Replaced α-AlF3 · 3H2O Calcination Products

Atomic compositiona

Cr/(Cr + Al) (final products, molar ratio) Specific Desorbed
(precursors) surface area ammonia

(mol%) Al : Cr : F : O : H (m2/g) (mmol/g)

0 b 31 220
3 b 43 213

10 0.9 0.1 3 54 237
50 0.66 0.34 2.0 0.5 121 343
80 0.42 0.58 1.5 1.5 1.5 100 161

100 1 0.94 2.06 2.06 5 101

a Determined by ICP-AES.
b Not determined, sample insoluble.

Infrared Photoacoustic Spectroscopy
of Chemisorbed Pyridine

This method was employed for the determination of the
nature of acid sites (Lewis and/or Brønsted) on the catalyst
surfaces. 30 µl of liquid pyridine was injected into a vapor-
izer (located on the inlet of the reactor, permanent nitrogen
flow) and passed to 70 mg of the solid sample at 150◦C in a
flow system. The excess gaseous and physisorbed pyridine
was removed by purging with dried nitrogen. After cool-
ing to room temperature the sample was transferred into
a MTECH photoacoustic cell coupled with a FTIR spec-
trometer. The whole procedure was carried out under the
same conditions as described previously (5).

RESULTS

Replacement by Chromium

The precipitates that were obtained after mixing the
two components (see Experimental section) consisted of

TABLE 2

Element Composition, Specific Surface Area (BET) and
Amount of Desorbed Ammonia (TPD Region 325–400◦C) of Var-
ious Mg-replaced α-AlF3 · 3H2O Calcination Products

Atomic composition
Mg/(Mg + Al) (final products, molar ratio) Specific Desorbed
(precursors) surface area ammonia

(mol%) Al : Mg : F : O : H (m2/g) (mmol/g)

0 b 31 222
3 b 33 230

10 b 40 242
50 0.45 0.55 1.85 0.3 45 135

100 1 2 57 137

a Determined by ICP-AES.
b Not determined, sample insoluble.

α-AlF3 · 3H2O/ α-CrF3 · 3H2O mixtures. There was no ev-
idence for the formation of mixed crystals (solid solutions)
with mutual replacement in the lattices. After the calcina-
tion the following XRD results were obtained (compare
Fig. 1). At and below 10% Cr the reflections of the pseudo-
hexagonal tungsten bronze (HTB) structure of β-AlF3 (20,
4) have been detected, whereas the intensities diminish with
increasing Cr content. An alteration of the lattice constants
was not observed. This indicates that chromium is not in-
corporated into the β-AlF3 lattice.

The 50 and 80% Cr samples appeared to be substan-
tially amorphous, whereas a new phase became visible
on increasing the Cr content further (Fig. 1). This new
phase is the dehydrated cubic pyrochlore structure of

FIG. 1. XRD patterns (offset) of α-AlF3 · 3H2O calcination products
with stepwise replacement by Cr. Note the change from the β-AlF3 struc-
ture into the pyrochlore structure of CrF3−x(OH)x with increasing Cr con-
tent.
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CrF3−x(OH)x · yH2O (21). Table 1 gives a survey of the
sample compositions, specific surface areas, and amounts
of ammonia desorption. It is remarkable that under iden-
tical conditions (starting substances α-AlF3 · 3H2O and α-
CrF3 · 3H2O) using the Al compound β-AlF3 is obtained,
whereas in the Cr system a partial hydrolysis forming, e.g.,
CrF0.94(OH)2.06 occurs. β-CrF3 (20), which is isotypic with
β-AlF3, and AlF3−x(OH)x, (22, 23), which is isotypic with
the corresponding Cr compound, were not observed.

Higher calcination temperatures were not practicable,
since the catalytically inactive, stable α-metal fluorides
would have been formed by crystallographic phase tran-
sition (5). In the case of the chromium hydroxyfluoride, the
hydrolysis would continue at higher temperatures leading
to an immediate formation of α-Cr2O3 at approximately
500◦C. As can be seen from Table 1, the specific surface
areas pass through a maximum for the X-ray amorphous
phases (e.g., 50% Cr) and fall to a minimum of 5 m2/g for
the chromium hydroxyfluoride (100% Cr).

More or less the same effect was observed for the cat-
alytic activity (Fig. 2). Due to the selected experimental
conditions a clear gradation between the highly active sam-
ples (3, 10, 50% Cr) was not possible with this technique.

Considering the activation of the samples one can state
that the undopedβ-AlF3 is not immediately active. Previous
studies with CHClF2 (instead of CCl2F2) (4, 5) have shown
that traces of moisture have a significant influence on that
initial activation period due to the blockage of Lewis acid
sites. Since CCl2F2 is more stable, it takes more time to
remove the surface water.

The ammonia temperature-programmed desorption
enables a further gradation among the samples (Table 1).
Here, the amount of desorbed ammonia is given for a des-
orption temperature interval 325–400◦C indicating a cer-

FIG. 2. Conversion of CCl2F2 versus activation time for various Cr-
replaced α-AlF3 · 3H2O calcination products (catalyst weight = 600 mg,
residence time = 2 s, 390◦C).

tain strength of acid sites. As we know from detailed stud-
ies (5), this temperature range represents an acid strength
that is required for the catalysis of the dismutation reac-
tion. The highly active 50, 10, and 3% Cr samples exhibit
higher amounts of ammonia desorption (more strong sites)
compared to the less active 80% Cr sample. The chromium
hydroxyfluoride exhibits the lowest desorption intensity in
that area. Therefore, it is not surprising that the chromium
hydroxyfluoride is catalytically inactive (see Fig. 2).

The nature of the acid sites can be determined with
the characteristic infrared bands arising from pyridine
chemisorbed on the solid surface (5) and references
therein). With exception of the 50% Cr sample, where
a very slight Brønsted acidity has been detected besides
a large excess of Lewis acidity, all the other samples ex-
hibit only Lewis acid sites. Figure 3 shows the intensities
of the 19b ring mode vibration of chemisorbed pyridine
at 1453 cm−1, indicating Lewis acid sites. The bands at ap-
proximately 1493 cm−1 can be assigned to the 19a vibration
(Lewis acid sites), but they are less intense. As can be seen
from the band intensities at 1453 cm−1, the number of Lewis
acid sites grows with increasing Cr content, passes through
a maximum at 50% Cr, and then falls. On the other hand,
an alteration of the strength of the Lewis sites is not ob-
served. This can be concluded from the absence of a signif-
icant wavenumber shift. At the chromium hydroxyfluoride
(100% Cr) the 19b pyridine band is no longer detectable.
The general tendency in the amounts of Lewis acid sites
is comparable with the observed behavior in BET surface
areas, ammonia desorption intensities (strong acid sites),
and catalytic activity. Independent of that, there is an ap-
parent discrepancy between the ammonia desorption for
chromium hydroxyfluoride (101 µmol/g, Table 1) and the
absence of the pyridine band (Fig. 3). It can be rationalized

FIG. 3. FTIR photoacoustic spectra (offset) of pyridine chemisorbed
on Cr-replaced α-AlF3 · 3H2O calcination products (background correc-
tion, 80 mg catalyst weight, 30µl pyridine adsorption at 150◦C, flow sys-
tem).
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by the different diameter of the particular probe molecule.
The small ammonia molecule can reach the acid sites, but
the larger pyridine molecule cannot do so.

β-CrF3

Since the calcination of α-CrF3 · 3H2O did not result in
the formation of HTB-β-CrF3, alternative routes for its
synthesis were applied. In a first approach the calcination
was carried out under vacuum at various calcination tem-
peratures. In all cases X-ray amorphous phases were ob-
tained. Therefore, we have changed to another method.
HTB-β-CrF3 can be produced by thermal decomposition
of (NH4)3CrF6using quasi-isobaric conditions (24). Here,
the starting substance is free of water, but the calcined sam-
ple is expected to contain traces of unliberated ammonium.
Hence, it is not entirely justified to compare the properties
of the particular product samples. However, a qualitative
interpretation seems to be possible. The catalytic activity of
β-CrF3 is comparable with those of the highly active 3, 10,
or 50% Cr samples, although the BET surface area is rather
low (36 m2/g). The FTIR photoacoustic spectrum of pyri-
dine chemisorbed on β-CrF3 reveals small bands at 1453
and 1618 cm−1 indicating Lewis acid sites. Unfortunately,
the sample contains traces of ammonium and its vibrations
appear in the same region of the IR spectrum. Even calcina-
tion procedures under vacuum could not entirely prevent
the presence of ammonium.

Replacement by Magnesium

In the Mg series precipitates of α-AlF3 · 3H2O and MgF2

were obtained. In the case of the 50% Mg sample traces
of aluminum hydroxyfluoride were also formed. Conse-
quently, the calcined sample contains traces of X-ray amor-
phous oxides (Table 2).

Figure 4 presents the XRD patterns of the calcined sam-
ples indicating a loss of crystallinity for β-AlF3 with increas-
ing Mg content. Obviously, the dopant disturbs the crystal-
lization of the main phase. With further increase of the Mg
content, the reflections of MgF2 become more and more
visible.

Very slight increases of the β-AlF3 lattice constants, par-
ticularly at the 50% sample, were detected. Furthermore,
the pattern of the reflection intensities differs from the other
samples. A partial insertion of Mg into the β-AlF3 lattice is
assumed.

The specific surface area is rising steadily with increas-
ing Mg content (Table 2). The catalytic activity slightly im-
proves up to 10% Mg, but falls to zero at higher Mg con-
centrations (see Fig. 5). The conversion is therefore not
proportional to the BET surface area.

The amounts of ammonia TPD are shown in Table 2. The
relevant region between 325 and 400◦C reflects the grada-
tion of catalytic activity. The inactive 50% Mg and MgF2

samples exhibit the lowest amounts of ammonia desorption

FIG. 4. XRD patterns (offset) of α-AlF3 · 3H2O calcination products
with stepwise replacement by Mg. Note the coexistence of both β-AlF3

and MgF2 at the 50% Mg sample.

FIG. 5. Conversion of CCl2F2 versus activation time for various Mg-
replaced αAlF3 · 3H2O calcination products (catalyst weight = 600 mg, res-
idence time = 2 s, 390◦C).
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FIG. 6. FTIR photoacoustic spectra (offset) of pyridine chemisorbed
on Mg-replaced α-AlF3 · 3H2O calcination products (background correc-
tion, 80 mg catalyst weight, 30µl pyridine adsorption at 150◦C, flow sys-
tem).

in that region, although their surface areas exceed those of
the others.

The coexistence of two lattices in the 50% Mg sample
is accompanied by a coexistence of two types of different
Lewis acid sites. As can be seen from Fig. 6, the 50% Mg
sample has a shoulder just at the wavenumber which corre-
sponds with the MgF2 Lewis sites (1446 cm−1). The strength
of these sites is not sufficient to catalyze the dismutation.
MgF2 and pure γ -alumina (19b band at 1447 cm−1 (5) are
catalytically inactive.

DISCUSSION

The calcination of α-AlF3 · H2O under the appropriate
conditions led to the formation of pseudo-hexagonal
tungsten bronze (HTB)-β-AlF3, whereas the isotypic

FIG. 7. Linking of MX6 octahedra (a) in the HTB structure of β-AlF3 in the [001] direction and (b) in the pyrochlore structure of CrF0.94(OH)2.06

in the [110] direction (one of six channel directions).

α-CrF3 · H2O formed the cubic pyrochlore phase
CrF3−x(OH)x. In the latter compound a partial hy-
drolysis has occurred. The higher acidity of chromium
cations enables a polarization of the water molecule. HF is
liberated and Cr–OH bonds are formed. This phenomenon
is also well established in surface chemistry. Kania and Jur-
czyk (9) reported that due to the higher electronegativity of
Cr3 + an even higher extent of dissociative chemisorption
of water was observed. As a result, the Cr-doped Al2O3

offered a higher Brønsted acidity than pure Al2O3. The
formation of pyrochlore chromium hydroxyfluoride is
accompanied by a dramatic loss of catalytic activity that
is independent from the decrease of BET surface area.
Catalytic inactivity is also known for the isotypic aluminum
hydroxyfluoride compound (4). From our results it can
be concluded that Lewis acid sites on the surface of the
pyrochlore structure are less attainable compared with
HTB-β-AlF3 or β-CrF3 surfaces. This is not restricted
to the Lewis acid sites, since the BET surface areas also
reveal considerable differences between both structures
(β-AlF3: 31 m2/g, β-CrF3: 36 m2/g, but CrF0.94(OH)2.06:
5 m2/g). How can this be explained? In a first approach we
have compared their crystal structures. Figure 7 illustrates
the specific octahedra linking in the HTB structure (a)
and the pyrochlore structure (b). The general formula of
the pyrochlore can be written as A2B2X6X′. B represents
chromium and X is fluoride or hydroxide. The A and X’
positions are not occupied in chromium hydroxyfluoride.
Both the HTB and the pyrochlore structure contain
hexagonal channels (see Figs. 7), their diameter in the
HTB phase being about 350 pm. Nitrogen and water
should be able to enter these channels, but C1 halocarbon
can only deposit tetrahedra on the entry of the channel.

The distribution of channels within the unit cells is dif-
ferent. In the HTB structure the channels are directed
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along the c axis (only one direction, no cross), whereas
the channels in the pyrochlore structure pass along all six
plane diagonals of the cubic unit cell. Their cross angles
are 90◦ and 60◦, respectively. As can be concluded, the
crystal density of the pyrochlore structure is much lower
than in the HTB structure. It is therefore somewhat sur-
prising that the accessibility for nitrogen molecules (BET)
in the pyrochlore sample is lower than in the HTB sam-
ple. This indicates that the inner surface of the pyrochlore
chromium hydroxyfluoride is not attainable. This could be
effected by hydroxyl groups which form hydrogen bridge
bonds (confirmed by infrared spectroscopy). It can be as-
sumed that the crystal surfaces of the hydroxyfluoride are
reconstructed. This results in a decrease of adsorptive ca-
pacity, e.g., low BET surface area. In the case of the HTB
trifluorides β-AlF3 (or β-CrF3) an improved accessibility is
expected.

A further reason for the catalytic activity of the HTB
β-AlF3 (or β-CrF3) could be derived from the differ-
ent crystallographic cleavabilities of the HTB and py-
rochlore structures. The HTB lattice has well-defined cleav-
age planes since its channels pass in one direction only.
It is often observed in catalysis that the presence of well-
defined crystal surfaces promotes the catalytic activity. On
the other hand, the pyrochlore structure does not have
a favored cleavage surface, as is known for pyrochlore
minerals (25).

Moreover, the inductive effect of fluoride also has an in-
fluence on the strength of the Lewis acid sites and catalytic
activity. Metal cations surrounded by fluoride ligands ex-
hibit a higher Lewis acid strength than oxides or hydroxides
(5, 26). Hydroxyfluorides are therefore expected to show a
lower Lewis strength than fluorides.

Let us consider now the samples with Cr contents up to
80%, their catalytic activity as well as ammonia TPD (re-
gion of acid sites between 325 and 400◦C) and the intensi-
ties of the 19b ring mode vibration of pyridine chemisorbed
on Lewis acid sites. All these surface properties follow the
course of the specific surface areas of the samples. From
the absence of a significant wavenumber shift in the 19b
pyridine ring mode vibration (see Fig. 3), it can be con-
cluded that the Lewis strength remains unchanged, whereas
the number of sites increases with higher Cr contents. The
steady loss of crystallinity, accompanied by an increase of
BET surface area, improves the accessibility of the Lewis
acid sites (metal cations). Hence, larger amounts of ammo-
nia and pyridine can be adsorbed and the conversion of
dismutation is enhanced. Since the 50 and 80% Cr samples
were X-ray amorphous it is not clear what kind of short-
range order these samples possess. For this reason XPS was
applied (27) to clarify whether the samples are homoge-
neous or consist of several components. We were able to
conclude from the shape of the F1s, Cr 2p, and Al 2s spec-
tra that the samples consist of homogeneous metal fluoride

species with increasing OH for F substitution with grow-
ing Cr content. Further investigations including an EXAFS
study will be published in due course.

If the Cr content exceeds about 90% the new pyrochlore
phase with different surface properties becomes more and
more dominating. Although the obtained crystallinity is
quite low one can state that the surface as well as the
catalytic properties are comparable with the chromium hy-
droxyfluoride of improved crystallinity that was synthesized
solvothermally (28).

Considering the Mg doped samples the following behav-
ior is observed. There are two contrary processes. The in-
sertion of magnesium cations disturbs the lattice, enlarges
the BET surface area, and improves the accessibility of the
Lewis sites (conversion increases). On the other hand, the
increasing Mg content leads to a decrease of the Lewis acid
strength (wavenumber shift downward, Fig. 6). Therefore,
the conversion has a maximum (10% Mg). The difference
compared to the replacement by Cr is the disagreement
between BET surface area and catalytic reactivity. Obvi-
ously, MgF2 possesses a sufficient amount of sites, but their
strength is too weak. Concerning the 50% Mg sample, it
is not entirely clear why the presence of strong Lewis sites
(besides weak sites) does not lead to catalytic activity for
this sample. It cannot be excluded that the coexistence of
two different types of Lewis sites has an influence on the cat-
alytic mechanism. Possibly, they do not act independently.
On the other hand, the geometrical conditions on the 50%
Mg sample differ from those of the previous samples, since
XRD revealed a slight increase of the HTB lattice constants.
The partial insertion of Mg into β-AlF3 led to a slight open-
ing of the lattice. Possibly, this has a negative influence on
the catalysis.

The final question that should be discussed is whether
there is any possibility of prediction for the acid strength
and catalytic activity of doped compounds. Here, the fol-
lowing problems should be noted. One important factor
is the partial charge of the particular cation that can be
calculated with the help of Sanderson’s electronegativity
values (29). These partial charges themselves significantly
depend on the particular anion. Even if the same anion is
considered there are still discrepancies if one compares the
calculated partial charge of the cation with the experimen-
tal Lewis acid strength. The reason is that the accessibility
of the given cation must be taken into consideration. The
higher the partial charge of the cation the smaller its ionic
diameter and the larger the ionic diameter of the partic-
ular anion. The accessibility of the cations can decrease
with increasing partial charge. Therefore, the experimental
Lewis acid strength is mainly influenced by the geometric
conditions within a given lattice and its particular surface
structure. Work is currently in progress to collect more data
and to develop a model for acid sites on metal fluoride
surfaces.
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