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The pyridine chemisorption on ion sxchanged Cu/5§i0, catalysta with copper loading
between 0.25% and 2% w/w was performed in order to characterize the surface specles
by infrared ;poct:olcow. Two types of cu*? ions_were identifyed, i.e.: isolated and
oceluded cu*? {onw and axpossed paire (m—o-cm* . A gravimetric technique was deve-
loped to quantify them. The dispersion of metal ions was determined assuming an
arbitrary 1:1 stoichiometry. The catalytic activity for the dehydrogenation of etha-
nol was correlated with the amount of pyridine chemisorbed on Lewis acid sites cone-
tituted by cu'? unsaturated centera. These copper ions present on the catalyst pre-
cursor are proposed to develope a “hydrosilicate like® structure.

INTRODUCTION regarding the coordination properties
of the surface aite. Consecuently, the
Infrared study of adsorbed pyridine presence of Lewls acid sites on oxldes
(Py) ham frecuently been used to cha- such as Al,0; (Morterra et al., 1978),
racterize the acid-basic properties of MgO (Mortecrra et al., 1973; Noller et
solid surfaces (Boehm and Kndzinger, al.,, 1980) and others (Schwartz at al.,
1983; Peri, 1984; Kung and Kung, 1985). 1978; Hughes et al., 1969; Lefrancoise
Thus, 4t is of great advantage in and Malbois, 1971) was determined by Py
distinguishing between Brdnated and adsorption and some efforts have been
Lewis acid sites on solid catalysts. performed In order to characterize the
Parry (1963), originaly, has iden- coosdtuttgn state gt ions wsuch as
tified the adsorption levels of Py al*?, ¥g*® and zn*%. Recently some
which correspond not only to the transition metal on silica catalysts
molecules chemisarbed on acid sites but ware characterized by this technique
also to those molecules bound by physi- (Conell and Dumesic, 1987).
cal admorption and hydrogen bondad (H- On ion exchanged catalysts, the
Py) to the wsurface, Its behaviour i@ transition metal Lons are grafted on
followed spectroscopicaly, in the cw.ie the silica support attached by oxygen
of Lewis coordination (LPy) and H-Py, atoms (Che et al., 1988) and they
by checking the shift in frecuency of complete their coordination number with
Al ring vibration modes nominated Ba, hydroxyl groups or labiles ligands such
8b, 19a and 19b (Kline and Turtkevich, as water or ammonla, depending this of
1944). the pravious history (Clause at al.,
On the other hand, adsorption on 1989). PFurthermore, these ligands can
Bréneted acld centers is monitored by be removed by thermal or vacuum treat-
the |ppo:r-nue of banda at 1630 and ment leaving coordinatively unsaturated
1540 cm © amsigned to the pyridinium lona that can chemlsorb Py. This baha-
ion (m'y’)(l’l:ry. 1963). viour was alsoc observed on ion exchan-
Any surface force exerted by a ged with transition metal lons zeolites
catalytic material must causs a change (Vazquez et al., 1986; Huang, 1973).
in the symetry of the probe molecules. The presant paper reports the acid-
The nature of this change can directly basic charactarization of ion exchanged
be related to the nature of the adesor- copper~silica catalysts and their
tion which also yields information behaviour are compared with those of
n impregnated onea and chrysocolla (a
Author to whom correspondence should be acdressed. natural copper hydrosilicate mineral).
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Purthermore, the amount of LPy,
determined by a gravimetric technique,
was correlated with the catalytic
activity for the sthanol dehydrogena~-
tion reaction.

Specific surface areas were measu-
red by a gravimetric technique (Gonzo,
19682), while the pore size distribution
was determined with an Aminco &0 K
mercury porosimeter.

Davison grade 62 Silica gel, calci-
ned In air at 1023 K during $§ hours,

was used as support. The wsurface area
was 150 »“/gr and the mean pore size 10
nm.

Copper acatate monohydrata from
Kallinckrodt Chemical Co. of analytical
grade was used to prepare all the
catalyste.

The preparation techniques were:

a)Ion exchanged catalysts (I.E.):

The hydroxyl groups of the silica
surface were exchanged with NH * ionm
by inmeraing a given weight (usually §
g.) of the support in 300 ml of 1:1
aguecus-ammonia solution. Then, 100 ml
of Cu(WHy),** eolution (1:1 WH,OH:H,0)
was slowly dropped (30 min.) into the
atirred suspensajion of ailica gel-
ammonisa solution. The copper complex
concantration was just to obtain the
desired amount of copper on the silica
(from 0.25% to 2% w/w). After this
treatmant the solution was colorless
indicating that all the complex was
exchanged. The solution was atirred 30
minutes more in order to eliminate all
Cu (OH) traces that could be formed
within the pore structure and to ensure
that all the copper was grafted on the
gilica surface (K&hler et al., 1987).

Cu~Ni/5i0, catalyst was prepared by
a mwsuccessive exchange of both {ons.
Nickel was previously exchanged by a
pimilar procedure to that above descri-
bed. Nickel acetate tetrahydrate from
Mallinckrodt Chem. Co. of analytical
grade was used to prepare the hexamine
nickel solution. After the catalyst was
dried at 383 K for 4 hr Lt was inmarsed
again in the ammonia scolution and then
the copper complex wsolution was drop-
ped.

Each product was filtered and
thorougly washed with a 1:1 na‘oaxuzo
solution and then with distilled water.
The catalysts were dried at 3831 K and
calcined in air at 723 K for 4 hours.

The amount of copper and nickel on
the catalysts was determined by atomic
absorption spectroscopy and it was very
close to the teoretical amount added
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except for the 2% catalyst were the
amount of matal determined was 1.87%.

b)Impregnacted Catalysts:

They were prepared by using the
required amount of copper acetate
solution to just reach the point of
inciplent wetness of the support. Thus,
1.2 cc/g. of 8i0,, of salt solution of
different concentrations was added In
order to obtailn catalyst with copper
loadings from O0.5% to 2% w/w. The
mixture was evacuated to ensure the
pores filling.

The catalysts were dried at 383 X
and calcined in air at 723 K for 4
hours. This temperature is high enough
to decompouse the copper salt into CuO.
This was confirmed by I.R. spectros-
copy.

Chrysocolla was obteined from the
mineral collection of Natural Sclence
Department of Salta University and it
came from Chuquicamata mine of Chile.

The pyridine (Py) employed in the
gravimetric and aspectroscopic studies
was obteined from Merck Chemical Co.,
and was reagent grade. It was used
without further purification.

The infrared studies were performed
on a Perkin Elmer model 683 spectropho-
tometer. The wspectra were analyzed
using a Perkin Elmer Data Station.

An Infrared cell fitted with KRS-S
windowa obteined from Perkin Elmer Co.
was used In the experiments. This
enabled in situ treatments to be per-
formed. In order to obtain the spectra
the following procedure was used:

a) The sample was evacuated for 30
minutes at 473 K and cooled to room
temperature (R.T.). The baselines spec~
trum was then recorded.

b) Gaseous Py (8 mmHg) was introduced
to the infrared cell and the spectrum
of physisorbed and chemisorbed Py on
each sample was recorded at room tempe-
rature,

c) Physisorbed Py was eliminated by
2.5 hr evacuation (10™° mmHg) at room
temperature. PFollowing evacuation the
spectrum was recorded. The difference
spectrum was obtained by substracting
the baseline spectrum from that of the
evacuated sample. They will be cailed
“differance spectra®.

The gravisetric analysis was ca-
rried out using & Cahn RG electrobalan-
ce. Pricr to the Py adsorption, the
samples were evacuated for 1 hr at 473
K.

Py vapors were admitted to the
system at room temperature (8 mmHg) and
were allowed to equlilibrate with the
sample. The change in weight was then
measured and the weight loss under
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dynamic vacuum at 323 K for wsix hours
was recordad.

Whan no further loms in weight
occurred the amount of chemiscrbad Py
was determined,

Catalytic activity mesurements were
carried out in a Pyrex flow system at
atmospheric presure (0.868 atm.).

Nitrogen (99,.93), previously puri-
fied by pamsing it through a ltno2 trap
and a Cu/Kieselgel trap, was used as
carrier gas. It was saturated in a
tharmostatic vaporizer. The partial
pressure of ethanol (Pol) was kept at
0.05 atm. and the nitrogen flow rate
('"2) was fixed at 180 ce S.T.P/min.
The catalysts were prereduced in this
ethanol-nitrogen mixture at 473 X and
the catalytic activity was determined
after an activation period (3 hr) and
when a plateau in the reaction rate was

reached. The reaction mixture was
analyzed by gas chromatography. The
selectivity to acetaldehyde was near
100%.

RESULYTS

When Py molecules intaract with
unsaturated surface gltes, different Py
chemisorbed species can be formed due
to the avallable pairs of electrons on
the nitrogen atoms. The nature of the
adsorbed Py interaction can be very
well studied using Infrared spectros-
©opy by conaidering the shift of the
characterletic frecuencies of the Py

normal absorption modes or by the
appearance of ‘1“ bands in the 1400
cm " to 1700 em™* range.

These Py abmorption bands, in the
above Indicated rangs, corresponds to
the A, ring vibrations (L.e.: 8_, ab.
19., f’b, which are due to the presence
of C-C, C~N and C-H bonds in an aroma-
tic ring {Xline and Turkevich, 1944).

A strong dependence of the abasorp~
tion frecuency of the 8_ and 19b vibra-
tion modes with the c’nctx'onic dafi-
cience of the acid site can be cbaar-
ved. Thus, shifts from 1580 cm™ ! for
liquid Py to 1630 em ™t in the 8, vibra-
tion mode have been reported when LPy
ls formed on A1*? (Morterra et al.,
1973) while for H-Py the shift ls only
10 or 15 wave number above the fre-
cuency of the liguid py.

On the other hand, Brénsted type
adsorption (HPy') is monitored by th
appearance of new bands at 1630 cm
and 1540 cm " as well as by a reversed
lnsonlity ratio of the modes at 1440
em © and 1450 om™ (19, and 19 modes
respectively) compared to the Lewis
coordinated specie (Parry, 1963 and
Morterra, 1973). Taking advantage of
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this behaviour, it {sg poseible to

identify three Py chemisorbed speciss

as follows:

A) Hydrogen bonded Py (H-Py).

b) Py bonded to Lewis acid

(LPy). N

€) Pyridinium ion (HPy ).
Their characteristic absorption

banda are shown in the Flg, 1,

sites

@4“ @N—nl.’-o’ () “J-+x,—us
: —dA_z_-ﬁ-
s _—
e -
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Fig.1: Intensmity and absorption bands
of different py species interacting
with solid surfaces. Band intensity: 5
actrong, V Variadle, W WVeak. (*) after 2
hours evacuation (10~ mmig) at R.T.
It!‘: ion exchange catalysts. :1:5:
impregnation catalyats.

Pyridine-Support Interaction

The Py-stoz interaction (s very
weak. Infrared examination of the Py
interaction with @sillca previously
evacuated at 473 K, shows the presence
of hydrogen bonded species between fres
hydroxyl groups and the lone pair of
electrons on the nitrogen atom with
bands b.lun_gtng tc the Ba .lild 19b modaes
at 1595 om and 1447 cm (Figs., 2
and 3).

It is lmportant to note the absence
of an infrared band in the 1485-1490
cm™1 range which is present when silica
is pretreated at temperatures greater
than 1123 X (Morrow and Cody, 1976).

The hydrogen bonded Py is easily
removed by evacuation (10™¢ mmlg) at
room temperature. Pig. 2 and 3 show the
effect of the evacuation time on this
adsorbed apecies.

In the 4000-3000 cm™' spectral
region, bandes asasigned to the oxygen=
hydrogen stretching wvibration in og
groups are also observed. These bands
are centered at 3740 cm ' and 3650 cml
and are assigned to free hydroxyl
groups and to hydrogen bonded hydroxyl
groups respectively (Boehm and Knbzin-
ger, 1983; Peri, 1984).
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Following Py chemisorption, the
3740 em " band disappears and an asym-~
metric broadening of the band below
3650 cm ) is observed (Pig. 2).

T
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Fig.2: Py interaction with silica
surface (4000 - 3000 em '). a) sio,
without Py. b) 8.1’02 + Py (8@ mmig). c)
340 4 Py afrer 2 hours evacuvation
{ 1572 mtig) at R.T.

Evacuation at 323 K for two hours
regaenarates the band dus to free
hydroxyl groups. This cbservation coin-
cidea with the disa arance of the
1598 cm~ * and 1447 cm ? bands corres-
ponding to the hydrogen bonded Py (Pig.
3).

Fig.3: Py interaction with silica
surface (1650 - 1400 cm 1). Difference
spectrum: a) 5i0, + Py (8 mmMg). b)
$i0, + Py after 5 minutes of evacuation
( 107“ mmHig. R.T.) ¢) afg, + Py after 2
hours of evacuation (10 “ mmHg. R.T.).
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Piridine-Cu/ uo’ Intaraction

When Py vapor (8 esmHg) is equili-
brated with an lon exchanged ¢:n/81.02
catalyst previously outgassed at 473 X,
the infrared absorption spectrum Ia
different to that observed on pure
silica. This was specially noticeable
in the region corresponding to the
stretching vibrations of C-C and C=-N
bonds. In addition to the characteris-
tic bands of Py adsorbed on the wsup-
port, poorly resclved bands centered at
1610 cm ), 1487 cm ) and 1451 em 3,
were observed (Fig. 4).

1451

0)A

1 A A

Fig.4:Py interaction with 2%\ ion
exchanged copper catalyst. ¢£ Py after
5 minutex of evacuation (10 mmig. at
R.T.). b) Py after 2 hours of evacua-
tion (1072 mmiig at R.T.).

Thene new banda appear initially
masked by those of the physisorbed Py
and H-Py but are completely deflned
after evacuation at room temperature
(107 mmHg). They are amsigned to the
Ba, 19a and 19b modes of the LPy spe-
cles. The 1% vibration mode, due to
its low extinction coefficlent, Llm only
obeserved after evacuation at room
temperature on Cu/S510, catalysts which
have a copper loading %llgh-r than 1% or
on Chrysocolla (Fig. 1).

Evacuation at room temperature

completely removed the 1598 cm * a?d
1451 cm . bands while the 1610 cm °,
1487 cm ) and 1451 em~} bands remained
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unaffected.

A semiquantitative picture of the
amount of LPy chemisorbed on the ca-
talyst as a functian of the copper
loading was obtained by integrating the
area under the infrared bands correa-
ponding to the Ba and 1% modes, res-
pectively (Fig. 5).

e AN

Arsa/ % O lav)
I: 02% % Ni

Fig.5: Area of the peaks related to
u. and 192’ vibracion modes of the
chemisorbed Py on Cu and Cu-u/sxo,
catalysts vs. Copper loading. All the
catalysts were prepared by ion exchange

method. The area were determined after
2 hours of evacuation (107° mmig at
R.T.).

In this Figure it can be cbserved
that for the 0.25% lon exchanged ca-
talyst the amount of chemisorbed Py per
total mol of copper is low, going
through a maximum at a copper loading
between 0.5% and 1%. A slight decreasas
was observed at higher copper loadingws.

When 0D.25% copper was exchanged
cver a previously exchanged 0.25%
Ni/5i0, catalyst, the amount of chemi-
sorbed Py per mol of copper increased.

Mo\

1%00  enf”

1600
—

Fig. 6: Py interaction with Cu, Ni
and Cu-Ni/Si0 catalysts. a) 0.25v Ni
catalyst. b) 8.5\ Ni catalyst. c) 0.25%
Cu catalyse. d) 0.25% Ni - 0.25N Cu
catalyst., (After 2 houra of evacuatlion
at 1072 mmMg at R.T.).

21

However, Lewis acid interaction with Py
on pure m/uoz catalyst, was not
observed (Fig. 6).

It is also interesting to note that
while Py adeorption on impregnated
catalysts dosa not have a different
behavicur to that cbserved on pure
silica, the Py interaction found on the
ion exchanged catalysts is similar to
that observed on chrysocolla previously
degassed at 473 K. (Fig. 1).

Oravimetric study

In an attempt to quantify chemisor-
bed Py adsorbed on ion exchanged
copper catalysta, a gravimetric analy-
wis as previoumly described was perfor-
med.,

In Fig.7 the dispermion of copper
(30 ) is plotted as a function of
copper loading. A 1:1 wstoichiometry
between Py molecules and surface copper
ions was assumed.

DISCUSSION
Pyridine on silica
The adsorption of Py on eilica

showa that nelther Brénsted nor Lewis
acld sites are present on the support.

The interactlon {8 only characterized
by the appareance of the 1598 cm ~ and
1447 cm * bands due to H-Py,
-
1 u m
80
w0
@ N
0
a
0% " 1% 1 %Cu

Fig.7: Dispersion va. Copper loa-
ding rconsidering a l:1 stoichiometry.
Ion exchanged catalyst calcined in air
ac 1173 K, A . Ton exchanged catalysts
calcined in air at 723 x,[.

The weak nature of this interaction
is clearly demonstrated osince the
observed banda can be completely
removed by evacuatlon at 323 XK. The
surface groups reaponsible for such
interaction are free hydroxyl groups.
The admission of Py vapors causes the
partial disappearance of the 3740 cm *
band, which is characteristlic of these
surface sites and produces the broade-
ning of the band below 3650 cm = as a
consagquence of the high polar effect of
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the O-H...N bond (Peri, 1984).
Evacuation at room temperaturs
produces a decrease in the intensity of
the band below 3650 cm™ ' and the reap-
pearance of the 3740 cm ' one. This
behaviour, In addition to the restora-
tion of the baseline spectrum between
1650 cm ' to 1350 om ) (Fig. 3), shows
that these groups are the responaible

for that interaction.

Pyridine on cn/uoz

The interaction of Py with cu/u.oz
catalysts is strongly dependent on the
mathod of preparation of the catalysts.

The impregnated catalysts tend to
form bulk CuO (tenorite) on the Bup—
port following calcination in air at
723 X. On these catalysts Py abaorp—
tion is similar to that observed on
pure sillica (Fig. 1),

These results can be explained (f
we coneider the structure of the Cu0
crystalites of tenorite which have a
characteristic monoclinic structure.
Its surface is basic In c¢haracter
(Buzca, 1987) with t;n exposed oxygen
and the cu*’ lons (d”) being ocecluded
and having a distorted octahedral
coordination due to the Jahn-Teller
effect (Huheey, 1581). Buzca (1987)
reports, on tenorite, only absorption
bands at 1593 cm * (Ba) and 1442 om™}
(19b) that could be amsigned to H-Py or
hardly to LPy arising from Py intarac-
tion with very weak Lawis acid centers.
We didn't see any evidence of Py dime-
rization or Brénsted acidity on these
catalysts.

On the other hand, the 1610 cm™?,
1451 em ' By ahsarptions bapds In
addition to the weak 1485 cm * band,
found on the exchanged catalysts which
have a high Cu locading, suggest that
Py molecules interact with Lewis acid
sites as a consequence of a coordinated
unsaturated metal ion created on the
surface by the ion exchange process.

On these catalysts the Cu * ions
are Inserted into the sllica structure
forming a hydrosilicate like surface.
These copper ions are coordinatively
unsaturated or have easlly removable
adsorbed water molecules (Kevan,
1987). They can bs removed by increa-
aing the temperaturs or by exchanging
them with Py molecules, as oxpect from
their position in the electrochemical
series (Huheey, 1981).

These results are fully corrobora-
ted by those obtained with chrysocolla
(PFig. 1).

It is interesting to note that on
the exchanged catalysts the amount
of LPy chemisorbad ls a function of the
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the copper loading. From this point of
view we can distinguish three structu-
ral zonee (Pig. 7).

In the first one, copper ions
(probably having a stable high coordi-
nation or occluded into the silica
structure), can not adsorb Py. These
copper lonm are inactive for the stha-
nol dehydrogenation (Fig. 8) because
they are not exposed on the surface.
The increase in the chemisorption of Py
observed when Ni** lons (0.25%) are
exchanged before the copper ions,
suggests 30 structural ptumoto:zftfm
of the Ni ions. Certainly, Ni lons
interact with the silica surface during
the ion exchange process by developing
a hydrosilicate 1like atructure for
higher nickel loadings (Bonini et al.,
1991). However, for low loading of
nickel the aillica is only a matrix
where the Ni ions are settled, Thase Ni
Llons occupy the Mgia coordination aites
allowing to the Cu lons to occupy the
more exposed onea. It is in agreemant
with the fact that the crystal fleld
stabilization of copper ions in an
octahedral field i{s emaller than that
of the nickel ions (Huheey, 1981).

e}

v

&

1 ‘ [ ' T et
Fig.8: Reaction rate(mol of aldehy-
de hr"_“rqc“)'; va. LPy (mol of Py
(gcas) ). Reaction conditions: llJ-l‘(,
P_,»0.05 atm, mz-uo ml min °,
Catalysts calcined in air at 7231 K, O .
Catalyst calcined at 1173 K, a .

On the other hand, it ls posaible
to determine, based on the spactroaco-
pic results (Fig. 5), that the disper~
sion of the Cu-Ni catalyst (assuming an
arbitrary 1:1 stoichlometry) is higher
than 1008. We could infer that the
isolated ions, when are axpossaed,
chemisorb more than one Py moleculs per
Cu atom,

For copper catalysts which have an
intermediate Cu content (zone II) the
copper lons interact with the wilica
surface by forming & hydrosilicate like
monolayer. The copper ions are sexposed
tc the surface and form coordinated
unsaturated centers. These centers ars
the precursors of the sites responeible
for the catalytic activity Lin the
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dehydrogenation of ethanocl. For the
silica used, when the copper loading is
between 0.5% and 0.75%, the copper
atoms are separated by a distance which
can be calculated to be betwen 2.66 A
and 3.26 A. This value is close to the
mean Cu~Cu distance found in wseveral
crystalline Cu-silicates (Heide et al.,
198%; Kavamura, 1978). Thess copper
fona are probably those forming Cu=-0-Cu
bridges reported by Amara et al. (1987)
and they are attached to the silica by
{cu-0- cu)*? groups.

Copper loadinges of 1V or higher
(zone III) remult in a decreana in
metal dispersion, probably due to
segregation of a copper silicate phase
(cuoiuoz). The copper oxide formation
reported in the literature (KShlar et
al,, 1987), could be consequence of
this hydrosilicate descomposition under
high temperature conditions (higher
than 723 X) or because the clustering
of copper hydroxide during the drying
step when an excess of copper ions ia
exchanged (more than one copper ions
per two hydroxiles groups presente on
the aillica surface).

Catalyst calcination at 1173 K in
air results in the segregation of the
Cu0 phase due to the diffusion of
copper ifons to form amall crystallites
(Shimokawabe et al., 1982). These
observation agrees with a lower Py
adsorption (Plg. 7), as well as with a
decrease in the total reaction rate.
The results cbtained both by the semi-
gquantitative spectroscopy technique and
by quantitative gravimstric technigue
are in good agreement. The correlation
of catalytic activity for the dehydro-
genation of ethanol with the amount of
LPy (Pig. B8) wmhows that the changes in
activity are not due to changes in the
typs of active sites, but to the number
of wsurface copper ions accessible on
the catalyst, which In turn are
strongly dependent on the copper loa-
ding.

CONCLUSIONS

There are two types of copper ions
on the lon exchanged catalysts, l.e.:
occluded Cu” lons and exposed copper
ions. The zn-t ones can be assigned to
{cu~0-cu)*? pairs reported by Amara et
al (1987). The first ones are occluded
to the Py molecules and are correlated
to the lsolated copper lona (Clause et
al., 1989; Kdhler et al., 1987 and
Amara et al., 1987). The previous
exchange of nickel expose them to the
Py chemisorption.

The copper lons are interacting
with the silica in a similar fashion as

in the hydrosilicate structure of

chrysocola.

There are not Brdneted acidity on
this type of catalysts.

The amount of Py chemisorbed on thas
unreduced catalysts can be very well
correlated to the catalytic activity
for the dehydrogenation of ethanol.

The authors acknowledge finantial
support by CONICET and U.N.Sa. of
Argentina.

Amara M., M. Bettahar, L. Gengembre and
D. Olivier, "Preparation, Characte-
rization and Stability of Silica
Supported Copper (1) Species”
,Appl.Catal. 35,153 168(1987).

Boehm H.P. and H. XnSzinger, “Rature
and Estimation of Fupnctional Groups
on Solids Surfaces®, Cacalysis,
Science and Technology, S&pringer-
Verlag-Berlin~-Hellderberg-Now
York,4,2 (1583).

Bonini N.A., E.E. Gonzo and S. Locate-
11f , *“Preparacidn y Caracteriza-
cién de Catalizadores de u/sxoz-,
7" Jornadas Argentinas de Catélisis
(19%1).

Buzca G.,"FT-IR Study of the Surface of
Coppar Oxide", J.Mol. Cacal. 43,
225-236(1987).

Che M., L. Boneviot and T.Invi, *“Suc-

cessfull design of catalysats®,
Elsevier, Science Publisher B8.V.,
Amsterdam(1988).

Clause O., L. Boneviot, M. Che, M.
Verdaguer, ¥. Villain, D. Bazin and
H. Dexpert,”"Controle des etapes
d'adsorption electrostatique et de
greffage du complexe bis (ethilane-
diamine) cuivre(II) sur un gel de
allice", J.Chim Phys. 86, 718B,1767-
1775(1989).

Conell G. and J.A. Dumesic, "The Genera=-
tion of Hrénasted and Lewis Acid
Sites on the Surface os Silica by
Addition of Dopant Cations"
J.Catal. 105, 285-298(1987).

Gonzo E.E.,"A Rapid and Accurated
Gravimetric Technigue for Measuring
the Specific Surface Areas of
Porous Solide™, Appl. Catal. 2,359-
362(1982).

Heide G., K. Boll-Dornberger, E. Thilo
and M. Thilo,"Die Struktur Des
Dioptans, me(sxsou) .6820“, Acta
Cryst. 8,425-430(1985).

Huang Yung-Yang,"Selective Adsorption
of CO and Complex Formation of



Latin American Applied Research

Cuprous-Ammines in Cu(I)-¥Y-Zeoli-
tea",J.Catal. 30, 187-194(1973).
Hughes T.R., H.M. White and J.R.
White,"Bronated and Lewis Acid
Sites Concentration in Fluorided
Alumina from the In frared Spectra
of Adscorbed Pyridine”, J.Catal.

13, 5B~-64(1969).

Huheey J.E., *‘Quimica Inorgdnica* -
Bd., Editorial Marla (1981).

Kawamura K, A. Kawamura and J.T. Iiya-
ma, *The Crystal Structure of
L12Cu5(8102| and the Proposal of
New Values £ the effective Ionic
Radil of cu®'*, Acta Crysct.B. 34,
3181-3185(1978).

Kevan L.,"Electron Spin Echo Studles of
the Location and Coordination of
Metal Specles on Oxide Surfaces~,
Acc.Chem.Res. 20 ,1,1-7(1987).

Kline Jr.C.K. and J.Turkevich, "The
Vibrational Spectrum of Pyridine
and the Thermodynamic Proparties of
Pyridine Vapors", J.Chem. Phys. 12,

300(1944).
KS8hler M.A., H.E. Curry Hyde, A.E.
Hughea, B.A. Sexton and N.W. Cant,

“Cu/Si0, Catalysts Prepared by lon
Exchange”, J.Catal. 108, 323-333
(1987).

Kung C.M. and M.H, Xung,“Naturm and
Estimation of PFunctional Groups
on Solids Surfaces" ,Catal.Rsv.Sci-
Eng., 27,(3),425-460(1985).

Lefrancois M. and G. Malbois,"The
Nature of Aclidlic Sites on Mordenite
Characterization of Adsorbed Pyri-
dine and Water by Infrared Study*,
J.Catal. 20, 350-~358(1971).

Morrow B.A. and I.A. Cody,"Infrared
Study of Reactions on Oxides Surfa-
cam. 5.- Lewis Acid Sites on Dehy-
droxilated Silica", J.Phys.Chenm.

24

24: 17-24 (1994)

80, 18, 1995-1939B8(1976).

Morterra C., §. Coluccia, A. Chorino
and F. Boccuszzi,"Infrared Study of
the Adsorption of Pyridine on a-
Al,05%, J.Catal. 54,348-364(1578).

Norterra C.,G. Ghiotti, F. Boccuszl and
5. Coluccla,"An Infrared Spectros-
copic Investigation of the Surface
Properties of Magnesium Aluminate

Spinel®™, J.Catal. 51, 299~
313(1973).
Niller H., H. Vinek and J.

Lercher, "Variaciones Mondtonas y no
MonStonas de las Propledadss Cata-
liticas de Mezclas™, 7% Simposio
Latinoamericano de Catdliaias, La
Plata - Argentina, 568-580(1980).

Parry E.P., "An Infrared Study of
Pyridine Adsorbed on Acidic Sollds.
Characterization of Surface Aci-
dity", J.Catal. 2, 371-379{1963).

Pari J.B., "“Infrared Spectroscopy Iin
Catalytic Research”™, Catalyais,
Science and Technology, Springer-
Verlag-8Serlin-Heildelberg-New York,
$,2,172-220(1984).

Schwarz J.A., B.G. Russell and H.F.
Harneberger,“A Study of Pyridine
Adsorbed on Silica-Alumina Ca-
talysta by Combined Infrared Spec=-
troscopy and Temperature Programmed

Desorption™, J.Catal. 54, 303~
317(1978).

Shimokawabe M., N. Takezawa and H.
Kobayashi, "Characterizagion of

Copper-Sllica Catalysts Prepared by

ion Exchange™, Appl. Catal. 2, 379~
388(1982).

Vazquez H.I., A. Corma and V.
Fornés, “Characterization of NiO

Supported on Zeolite Y by Pyridine
Adsorbtion”, Zeolites &, 271~
274(1986) .

(Received September 4, 1992; sccepted for publication No-
vember 30, 1992)



