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CO'"(HYDRAZONE)'Y ZEOLITES USING THEM AS EFFICIENT
ALTERNATIVES FOR NOBLE METAL CATALYSTS
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Cairo, Egypt.

Abstract

Co"(SBSH)/Y has been prepared by solid-solid interaction of Co'-Y with
salicylidinebenzenesulphonylhydrazone ligand using the flexible ligand method and its
activity toward CO oxidation was examined and compared with Co'"-Y. The composition and
structure of this new catalyst have been identified. The prepared zeolites have been
characterized by elemental analysis, FTIR, UV-Vis., magnetic measurements, XRD and
thermal (TG, DTA) as well as surface area measurements and nitrogen adsorption studies.
The results showed that the Co(ll) ions in zeolite-Y are coordinated with the ligand through
the (C=N), (NH), (SO,) and (OH) groups with replacing of one proton from the latter group
forming 3:1 metal - ligand encapsulated complex differs completely from that prepared in
solution. The resulting catalyst was found to be thermally stable up to 1000 “C. Adsorption of
CO at room temperature on Co"-Y and Co"(SBSH)/Y showed peaks characteristic to CO, (as
an oxidation product) and different Co-carbonyl species which indicated the presence of
different oxidation states of cobalt. The FTIR spectra indicated the presence of carboxyl
group and different carboxylate species after CO adsorption at room temperature (RT). It is
concluded that, the oxidation of CO on Co™ (n < 2) sites is already starting at room
temperature and hence it may be considered as an efficient alternative for noble metal
catalysts used in the CO oxidation reaction.

Keywords: Zeolite encapsulated Co" -hydrazone complexes; FL method

Introduction

In spite of lot of knowledge has been acquired regarding to heterogeneous
catalysis, there is need to find efficient and ecofriendly catalyst system which would
operate under mild conditions. Various attempts for the development of new catalyst
system led to the emergence of a new class of catalyst called *“ zeolite encapsulated
metal complexes “ (ZEMC).

There were basically three approaches to the preparation of these ship-in-a-bottle
chelate complexes, namely the flexible ligand method, the template synthesis
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method and the zeolite synthesis method. In the first approach, a flexible ligand must
be able to diffuse freely through the zeolite pores but upon complexation with a
previously exchanged metal ion, the complex becomes too large and rigid to escape
the cage . The template synthesis method is exemplified by the preparation of
intrazeolite metallophthalocynines ¢ where the diffused four dicyanobenzene
(DCB) into the zeolite pores can cyclize around a resident metal ion to form a
complex which is too large to exit. The third approach referred to as the zeolite
synthesis method which is the newest method for encapsulating metal complexes in
zeolites where the metal complex is added, possibly in a template role, during the
crystallization of the zeolite host .

Generally, the intrazeolite complexes have been characterized by different
techniques including FTIR, UV-Vis., Raman, ESR, NMR, Mossbouer and XPS
spectroscopy as well as X-ray diffraction and microscopy. Additionally, surface area
measurements, adsorption studies and thermal analysis have provided an evidence
for the intrazeolite location of the metal complexes. A number of encapsulated metal
complexes have been reported in “®*V and these catalysts under ideal conditions can
mimic certain enzymes ¢ 219 Although large number of encapsulated Co (I1)
complexes have been studied and prepared using different classes of ligand e.g.
phthalocyanines ™, schiff bases @19 poly (pyridines) ®**, oxime “?, alkanes
@) and some amines ¥, the hydrazones did not use till now with the exchanged Co
(1) ions. In fact, investigation of the interactions between transition metals surfaces
and different adsorbed substances has been the focus of intensive studies for many
years due to their potential use as catalysts ®. Following the classification of many
authors ®®2®) | cobalt is a border-line element which, under particular conditions, can
dissociate CO. Improving the efficiency of CO adsorption and oxidation over Co'-Y
may be done by encapsulating organometallic complexes in zeolites. In this study,
CO will be admitted on Co"-Y and Co"(SBSH)/Y and the adsorption results will be
traced by in-situ FTIR spectroscopy.

The aim of the present paper is to encapsulate the Co (I1) hydrazone complex in
the Y zeolite by a flexible ligand method and investigate the CO oxidation for this
new material compared with Co'"-Y. The compositions and structures of cobalt
exchanged Y and the encaged complex have been reported and the texture of these
zeolites are described to confirm the immobolization of the complex inside the
zeolite matrix as well as showing the capability of using these composites as
heterogeneous catalysts.
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Experimental
Materials

All the reagents and solvents used for the preparation of the ligand and modified
zeolites were of Aldrich or Analar grade quality. The zeolite host material was NaY
(lot. no. D1-9915, HSZ- 320N — NAA and Si/Al = 5.6).

Preparation of ligand, SBSH.

The hydrazone ligand (L) with the chemical formula Cy3H;,N,05S, used under
investigation is salicylidinebenzensulphonlyhydrazone (SBSH), and has the
structural formula shown in Fig. 1. It was prepared using the procedure described in
the literature® but with little modiofication. Where an EtOH solution of
bezenesulphonylhydrazine was refluxed for 4 h with EtOH solution of
salicyaldehyde (1:1) in the presence of 2 - 3 drops glacial acetic acid. On cooling,
white crystals of SBSH formed were washed with ethanol, recrystalized from hot
EtOH and finally dried at 80 “C for 2 h in furnace (m.p=155, lit. m.p=155 °C).

o H
@—\\ —NH—N —c/
o’§ Ho\©

(SBSH)
Fig. 1.
Preparation of metal- exchanged zeolite-Y, Co'-Y.

7.0 g NaY zeolite was treated at room temperature with 1500 ml of 0.01 M
acetate solution of Co (1), the pH of the resulting mixture was in the pH 5 - 6 range.
The ion exchange was conducted for 48 h with continuous stirring. The solid was
filtered off, washed thoroughly with distilled water till the washing solution was free
from any cobalt ion content. The zeolite was then dried in air at room temperature
for 12 h and finally stored over saturated ammonium chloride solution until required
for use.

Preparation of zeolite encapsulated cationic cobalt complex, Co'"(SBSH)/Y.

This new material was prepared by solid - solid interaction method as follow. 1.0
g of Co"-Y prepared earlier was dehydrated under vacuum (10 Torr) in Pyrex
shrink tube at 200 ‘C for 2 h. After cooling, Co"-Y was intimately mixed in inert-
atmosphereglove bag with excess of SBSH ligand. The resultant mixture was placed
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horizontally in a shrink furnace tube, evacuated again to 10 Torr for 10 min and
then heated for 4 h at 135°C. The tube was allowed to cool to room temperature,
opened carefully and the product was washed several times with successive portions
of hot solvents (ethanol, acetone and methylene chloride) followed by Soxhlet-
extraction with ethanol for 48 h in normal conditions to remove the excess of ligand.
Finally, the sample was dried at 80°C in oven for 8 h.

Physical measurements

The metal content (M %) was determined by complexometric titration with
EDTA using xylenol orange indicator, hexamine buffer and sodium fluoride as a
masking agent for the interfering aluminium ions result from disintegration of the
zeolite framework ©°. The results obtained were confirmed by using Varian atomic
absorption spectrometer (Varian—-AA220). The carbon was determined by
Microanalyses at Cairo University, Egypt. X-ray powder diffraction (XRD) patterns
were recorded on PW1840 Philips diffractometer using Cu ko radiation (A=1.54 A)
and the UV-Vis. spectra of the samples were recorded in Nujol scanning the range
200 - 1100 nm using lambda 35 Perkin- EImer UV-Vis. spectrophotometer. Infrared
spectra of solid samples (KBr pellets) were recorded on a Mattson 5000 FTIR
spectrometer through the range 200 - 4000 cm™. The mass susceptibility of the solid
materials was measured at room temperature using magnetic susceptibility balance
of Johnson Metthey Sherwood models. TG, DTG and DTA were measured on a
Shimadzu 50 H thermal analyzer. In-situ infrared (IR) spectra were recorded with
FTIR instrument Bruker (Vector 22) single beam spectrometer at a spectral
resolution of 2.0 cm™. Self-supporting discs, made by pressing 30 mg of powder to a
pressure of 5 tons, were placed in an IR cell connected to a high vacuum system in
which a pressure of 10* Torr could be maintained. 50 Torr of CO was admitted on
the samples at room temperature (RT) after being thermally evacuated for 1 h at
200°C. The cell was allowed to equilibrate for 20 min and, then evacuated at room
temperature and 50°C. At each step, the FTIR spectrum was recorded after cooling
down to room temperature.

Results and discussion

FTIR spectroscopy

IR spectroscopy can provide information on the encapsulated metal complexes
and on the crystallinity of the host zeolite. FTIR spectra of NaY and of the modified
zeolites (Co'"-Y, Co"(SBSH)/Y) are dominated by the Y zeolite bands assignable to
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surface hydroxylic group, internal and external vibrations. The sample is still
retaining its crystallinity as obtained from IR spectra and confirmed from XRD.
There is no any significant change in a shape or position of the zeolite structure-
sensitive bands (1137, 790, 384, 580 cm™) associated with the dealumination and/or
the distortion. This foundation manifested the absence of any interaction between
the exchanged metal cations and the framework structure ruling out the probability
of sharing the oxygen of the zeolite lattice in coordination. The new band observed
at 1400 cm™ in the infrared spectra of modified samples (Co'"-Y, Co"(SBSH)/Y) is
mainly due to 3OH (in plane) of coordinated H,0O with the metal ions ®*. Studding
the IR spectra of Co'"(SBSH)/Y within the 1200 - 1600 cm™ region (in which the Y
zeolite has not been absorbed) with that of the free ligand (SBSH) reported in
literature ¥ reveals the following facts (1) vs(SO,) of the ligand is shifted to higher
upon complexation and appeared at 1348 cm™ suggesting the involvement of this
group in coordination. The absence of splitting of this group emphasize the presence
of one type of (S=0) group. (2) 3(NH) is remained at the same position without any
shift indicating that this group did not take part in coordination. (3) 8(OH) observed
in the ligand disappeared upon encapsulation showing the deprotonation and thus
participation of this group in coordination. (4) v(C=N) is most probably shift to
lower upon complexation and overlaped with the band assigned to the adsorbed
water (observed in between 1720-1570 cm™) suggesting the involvement of this
group in coordination. Furthermore, the appearance of other additional weak bands
at 1450, 1475 and 1570 cm™ may be due to v(C=C) of the phenyl ring.

Table 1. Chemical composition, physical and analytical data for SBSH and the prepared

zeolites.

M M/C ratio %
Sample label | Colour |M% o.p Found ¢ Product assignment

C c.gs.

(calcd.)
SBSH White - |155 - - -
NaY White - |>300 - diamag -
Co'-y Pale pink |5.90 |> 300 - 1.044 x 0° |[Co(H20)6]**-Y
5+

Co"(SBSH)/Y | Yellow | 5.64|>300 |0.3222 (0.231) | 0.798 x 10 | [CO:(SBSH)(H20)1a] Y

Electronic spectra and magnetic properties

The pale pink sample of the formula Co"-Y shows four absorption bands at
26595 cm™, 25000 cm™, 20000 cm™ and 14285 cm™. The first two bands are mainly
due to charge - transfer in zeolite Y — support while the latter two bands are
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probably assigned to “Ti; — “Tyq (p) and *T14 — *Ay transitions, in an octahedral
geometry around the Co (I1) ion 23, The paramangetic value of ¥, supports that
the Co" ion is octahedraly coordinated.

The electronic spectrum of encapsulated Co (1) complex exhibits two bands at
25773 cm™ and 19608 cm™ assigned to M —L charge — transfer and “Tyq — *Ty4 (P)
transition, in an octahedral configuration ©2°*¥ around the Co (1) ion. The
paramagnetic value of 4 is consistent with an octahedral geometry around the Co
(1) ion.

Based on the foregoing results of elemental analysis, (IR, UV-Vis.) spectra and
the magnetism (Table 1) for the zeolite samples under investigation, the flexible
ligand synthesis showing the spatial configuration of the ligated groups around the
central metal ion inside Y zeolite can be represented by scheme 1.

X-Ray diffraction

XRD showed that the crystallinity and morphology of NaY zeolite is almost
retained intact in spit of the occlusion of the Co (I1) ions and its complex in it (Fig 2)
and This result is in good agreement with IR results obtained previously. The
diffractograms did not show any lines refer to the presence of any new phase.
Further, the changed observed in the relative intensities of the 311, 220 reflections
upon introducing the metal ions or its related complex result from that reported ©*
where the exchanging of large cations in zeolite Y leads to disturb the random
distribution of small extra framework cations (Na*). This change in location of small
cations affects the relative intensities of 311, 220 peaks. Analysis of patterns in Fig.
2. clearly shows this trend where the introducing of exchanged metal cations or their
corresponding complexes result in a significant cation redistribution. This of course
indicates that the entrapped large complex displaced sodium ions from their random
positions in the supercages to locations at sites 11, | <:and are placed inside the cages
of zeolite Y .

Thermal analysis

The TG curve of NaY shows four stages of weight loss in the 30 - 1000 ‘C range
starting at 46, 101, 187 and 503 ‘C corresponding to the water loss from surface,
wide and narrow pores of Y zeolite. The appearance of two endothermic peaks at
717 and 742 °C in DTA curve suggests some sort of physical changes such as the
change of crystal morphology or phase transitions.



Scheme 1
The thermogram (TG) of the Co"-Y sample showed three endothermic peaks at

81, 141, and 268°C corresponding to the loss of water from the pores inside the
zeolite. The peak observed at 531°C reflects the decomposition. The DTA curve
showed one exothermic peak at 535 and an endothermic one at 960°C. The first peak
was accompanied by weight loss due to a decomposition process, while the second
peak at 906°C was not accompanied by weight loss assignable to a phase changes
such as the change of crystal morphology or physical transition.

The TG thermogram of Co"(SBSH)/Y showed two stages of decomposition
starting at 39 and 566 C corresponding to the removal of adsorbed water from the
zeolite. On the other hand, the DTA pattern showed only one endothermic peak at
50°C accompanied by weight loss indicating the desorption of water. The absence of
any exothermic weight loss peak assigned to the decomposition of the encapsulated
complex in the 30 - 1000°C region (in DTA) suggests the stability of that complex
through this range of temperatures.

Surface studies

The BET-surface areas (Sger) of NaY, Co'"-Y and Co"(SBSH) were determined
from nitrogen adsorption isotherms measured at -196°C. The obtained isotherms of
NaY and Co"-Y are belong to type II of Brunauer’s classification® with hysteresis
loops at relative vapour pressure P/P° of 0.15 - 0.95. It was seen from the V, plots
that, NaY zeolite is characterized by the domination of narrow pores while its metal
exchanged (Co'"-Y) acquire wide porosity. This indicates the creation of new type of
pores structures after exchange with the metal ions in zeolite®. In case of
Co"(SBSH)/Y, The isotherm is belonging to type Il and a very weak hysteresis loop
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was observed indicating the loss in porousity nature because of filling the zeolite
cavities by the complex. The BET surface area (Sger) and total pore volume (V)
were investigated and the computed values are given in Table 2. There is a drastic
reduction of surface area and pore volume of zeolites upon introducing of the metal
ion or its related complexes. Since the zeolite framework structure is not affected by
encapsulation as shown from the XRD pattern, the reduction of surface area and
pore volume provides direct evidence for the presence of complexes in the cavities
and refers to the degree of filling the zeolite cavities ©”). Specific surface areas (S)
for all zeolites were estimated using V). plots and are collected in Table 2. They are
varying close to (Sget), within the experimental error, indicating the correct choice
of the reference t-curves.

©
—_ 2o o 11 l (b)
=
3 MWJL,
£
=
L]
220 =11
T
[26 ]
Fig. 2. X-ray powder diffraction patterns of (a) NaY, (b) Co"-Y and (c) Co'(SBSH)/Y.
Catalysis
CO- oxidation

Fig. 3 shows the FTIR spectra of the Co"-Y and Co'(SBSH)/Y catalysts after the
adsorption of CO (equilibrium pressure of 50 Torr) at RT. Adsorption of CO on the
catalysts led to the appearance of bands at [2350, 2197, 2167, 2118 (weak),
2044(weak)] and [2340, 2188(shoulder), 2159, 2112 and 2014] cm™ for Co"-Y and
Co"(SBSH)/Y, respectively. It is clear that Co"(SBSH)/Y showed the same group of
bands like Co"-Y. On the Co"-Y sample (where Co ion are coordinated to several
oxygens in the framework), the CO adsorption bands on Co™ (n < 2) sites has higher
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frequency than that of Co"(SBSH)/Y. Since coordination of cobalt sites with the
hydrazone ligand (strong Lewis base) removes the Co™ ion from its position in the
zeolite framework into the supercage and increases the electron density on Co ©8%%,

Table 2. Surface area and pore volume data of NaY, Co"-Y and Co'"(SBSH)/Y

samples..
Seer St V,
Sample label (cm?lg) (cm?lg) (cméj/g)
NaY 873 860 0.80
Co'-Y 840 790 0.60
Co'"(SBSH)/Y 519 577 0.49

Analysis of the FTIR results shows that the band near 2350 cm™ [Co'-Y] / 2340
cm? [Co"(SBSH)/Y] developed during the CO adsorption on Co'-Y and
Co"(SBSH)/Y has been attributed to the v; vibration of physio-sorbed CO,, linearly
bound to the cobalt ions by ion-induced dipole interaction “°*?. The band 2350 cm™
[Co"-Y]/ 2340 cm™ [Co"(SBSH)/Y] is an indication of CO, formation during the
adsorption of CO on these catalysts. In fact, the oxidation of CO and formation of
weakly bound CO, by CO adsorption on the catalysts are in agreement with the
results reported elsewhere “?. The band at 2197 cm™ [Co"-Y]/ 2188 cm?
[Co"(SBSH)/Y] is likely due to CO coordinated over surface Co? (in the B sites)
whereas the band at 2167 cm™[Co"-Y]/ 2159 cm™ [Co"(SBSH)/Y] is assigned to
Co* -carbonyle “**® The two weak bands at 2118 cm™ [Co"-Y] / 2112 cm?
[Co"(SBSH)/Y] can be ascribed to Co-carbonyls containing cobalt in an oxidation
state lower than two “¥. So it is suggested that CO might reduce Co*" to lower
oxidation states. The evidence of different components in the IR absorption bands
may be due to the existance of cobalt ions in different compositions and structures
“8) " All of the above mentioned peaks disappeared just after evacuation at room
temperature indicating that, all CO and CO, might be evacuated or changed to
another form (ca. other oxidation product). The spectrum of CO adsorbed at room
temperature on Co'-Y and Co"(SBSH)/Y in the region of 1800-1650 cm™ (Fig. 4b,
5b) is dominated by a broad band at 1726 cm™ which is due to -COOH “”. By
evacuation, the shoulder band observed at 1712 cm™ is assigned to vC=0 of acids
“8 It is clear that, some peaks might be assigned to carboxylate (-CO, -) like
species appear after evacuation at RT in both catalysts (Fig 4c, 5c). This may
explain the disappearance of the Co-carbonyle species after evacuation at RT, i.e.
CO oxidation occurred at the Co sites. By thermal evacuation at 50 °C, the bands
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characteristic of -COOH decreased in both catalysts (Fig. 4d, 5d) while the bands
attributed to —C=0 (1712 cm™) and the carboxylate like species disappear in the
Co"(SBSH)/Y spectrum (Fig 5d) and still considerably detected in case of Co'-Y
(Fig 4d). This may be due to the weak binding of these species onto Co sites in the
Co"(SBSH)/Y catalyst.

Absorbance, a.u

2118 2044
(a)

2350 2300 2250 2200 2150 2100 2050 2000

Wavenumber, cnr™

Fig. 3. The FTIR spectra of CO adsorbed on (a) Co'-Y and (b) Co''(SBAB)/Y catalyst at
room temperature (RT).

. AU

Abso

1730

d)

TI780 1760 1740 1720 1700 1680 1660
Wavenumber, cm™

Fig. 4. The FTIR spectra of CO adsorbed on Co'-Y catalyst at the following conditions:
(a) CO free catalyst, (b) after addition of 50 Torr of CO at room temperature, (c)
evacuation at room temperature (RT) and (d) evacuation at 50°C.
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Absorbance, a.u.

1 T 7 T T T T
1780 1760 1740 1720 1700 1680 1660
Wavenumber, ¢cm™
Fig. 5. The FTIR spectra of CO adsorbed on Co''(SBSH)/Y catalyst at the following
conditions: (a) CO free catalyst, (b) after addition of 50 Torr of CO at room

temperature, (c) evacuation at room temperature (RT) and (d) evacuation at
50°C.

Conclusions

The results showed that Co"(SBSH)/Y can be isolated by using FL method and
Co(Il) ions of the occluded complex coordinate to the hydrazone ligand to give 3:1
metal-ligand complex with an octahedral geometry. Although the reported results for
a green Co(hydrazone) complex prepared in solution suggested a polymeric nature
with a tetrahedral structure @, the different Physico- chemical studies on
Co"(SBSH)/Y disclosed that the composition and structure of the immobilized
Co(hydrazone) complex differ to a large extent by encapsulation process. This
deviation from the known solution chemistry was anticipated as the zeolite can exert
an effect on the nuclearity of complexes. Thus we observed a trinuclear Co-L
species inside the zeolite cages, where in solution the formation of polymeric
structure is preferred. This suggested that the confinement of the complex inside the
zeolite pores can prevent a polymerization due to the dimensions of the zeolite cage.
The encapsulated complex is very stable up to 1000 “C inside Y zeolite assuming
that the zeolite increases the thermal stability of the occluded complexes. Oxidation
of CO forming CO, may be evidenced by the in-situ FT-IR spectroscopy and the
data revealed that, the Co'"-Y and Co"(SBSH)/Y are an active materials for CO
adsorption / oxidation at room temperature and this may be considered as efficient
alternatives for noble metal catalysts..
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