This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Polymer Catalysts
Olga Butufei*; Magdalena Mazare®; I. Deaconescu?; Gh. Rolea®; Christina Pascu®; I. V. Nicolescu®

* Chemical Research Institute ICECHIM, Bucharest, Romania ® Faculty of Chemical Technology,
Bucharest, Romania

To cite this Article Butufei, Olga , Mazare, Magdalena , Deaconescu, L., Rolea, Gh. , Pascu, Christina and Nicolescu, L.
V.(1985) 'Polymer Catalysts', Journal of Macromolecular Science, Part A, 22: 5, 889 — 895

To link to this Article: DOI: 10.1080/00222338508056642
URL: http://dx.doi.org/10.1080/00222338508056642

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222338508056642
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19: 29 24 January 2011

Downl oaded At:

J. MACROMOL. SCL—CHEM., A22(5-7), pp. 889-895 (1985)

Polymer Catalysts

OLGA BUTUFEI, MAGDALENA MAZARE, I. DEACONESCU, and
Gh. ROLEA

Center for Plastic Material Research
ICECHIM
Bucharest 77208, Romania

CHRISTINA PASCU and I. V. NICOLESCU

Faculty of Chemical Technology
Bucharest, Romania

ABSTRACT

Catalysts of reduced and unreduced PdCl: with hydrazine hydrate
deposited on polyaminochloroquinones or polyaminochlorohydro-
quinones were obtained. Polyaminochloroquinones were prepared

by solution polycondensation of chloranil with benzidine in the
presence of an acceptor, sodium acetate, for the resulting hydro-
chloric acid. Polyaminochlorohydroquinones were obtained by a
reduction reaction of polyaminochloroquinones with 2,2 -diphenyl
hydrazine. The polymer catalysis were tested in the styrene hydro-
genation reaction. The polymers and polymer catalysts were studied
by IR spectroscopy.

INTRODUCTION

Mineral compounds have been very good catalysts for increasing
chemical reaction rates. In the last few years several articles dealing
with catalytically interesting properties of some synthetic polymers
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have been published. They are used in both heterogeneocus and homo-
geneous catalyst fields. Supported homogeneous catalysts which in-
clude the advantages of homogeneous and heterogeneous catalysts
have recently been synthesized. Natural and synthetic polymers have
long been used to stabilize the colloidal metals of Group VIII. The be-
havior of polymer supported metals is similar to that of colloidal
metals or that of inorganic supported metals. However, the use of
polyamide as a support for platinum displays an interesting selectivity
for 1) the hydrogenation of benzene to cyclohexene [1] and 2) the hy-
drogenation of styrene to ethylbenzene [1]. In the first case it has
been demonstrated that this selectivity is determined by the geometric
arrangement of platinum atoms corresponding to the arrangement of
the amide groups.

The activity and selectivity of the polyamide platinum catalyst de-
pends on the nature of the polymer, Thus, platinum anchored on
polyamide 66 and 610 catalyzes the formation of cyclohexene, whereas
polyamide-3 platinum, although active, affords only cyclohexane.

In the second case the catalytic activity did not depend on the total
content of platinum but rather seemed to be proportional to the amount
of platinum at the surface of the polyamide. These results were inter-
preted in terms of diffusion on the Pi-compound during impregnation
of the beads.

Catalysts of PdCl. deposited on polyaminochloroquinones were
studied in an earlier paper [2] on the test reaction of styrene hy-
drogenation.

Generally, the main products of styrene hydrogenation are ethyl-
cyclohexane and/or ethylbenzene. In early experiments with the poly-
aminochloroquinones, 0.05 to 0.5% palladium catalysts were used.
That content of palladium influences the conversion of styrene to
ethylbenzene; i.e., an increase of the palladium content leads to an
increase of styrene conversion to ethylbenzene.

The use of a polymeric support of the polyaminochloroquinone type
increases the selectivity of palladium because hydrogenation of sty-
rene is realized only in a vinyl chain. By the reduction of palladium
chloride that was deposited on a polyaminochloroquinone with hydra-
zine hydrate, a catalyst was obtained which, in the same hydrogena-
tion reaction test, had a lower catalytic activity.

It was thought that the reduction of palladium chloride with hydra-
zine hydrate causes the partial reduction of the polyaminochloro-
quinone used as a support, and this reduced form is detrimental to
catalytic activity. For this reason we have studied the catalytic ac-
tivity of polymers in oxidized and reduced forms with PdCl: deposited
on the polymer.

EXPERIMENTAL

Polycondensation of Chloranil with Benzidine

The chloranil-benzidine polymer has been prepared according to
the procedure of Berlin [3], but in more diluted solutions and with a
modified washing procedure to obtain more pure polymer.
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To a three-necked, round-bottomed flask (1000 mL) equipped with
a mechanical stirrer, a funnel, and a reflux condenser was introduced
chloranil (2.45 g, 10 mmol) in ethyl alcohol (500 mL). It was dis-
solved under stirring and was heated to reflux. Then the benzidine
(1.84 g, 10 mmol) dissolved in ethyl alcohol (400 mL) was added,
followed by the entire quantity of powdered sodium acetate. The re-
action mixture was refluxed for 2 h, hot filtered, and dried at 105°C
in a drying chamber. The dry powdered polymer was washed with
ether (500 mL) in the same reaction flask for 1 h at room tempera-
ture with stirring to remove the unreacted chloranil. Purification
was completed by repeated washing of the polymer with water (500
mL) by stirring at reflux to remove inorganic salts, and with ethyl
alcohol (500 mL) to remove the unreacted benzidine and low molecu~
lar weight, minor products. Pure polymer, 2.9383 g (75% yield), was
obtained.

Reduction of Polyaminochloroguinones

Polyaminochlorohydroquinones have been obtained by the reduction
of polyaminochloroquinones with diphenyl hydrazine. For this pur-
pose, polyaminochloroquinone (75 g, 2 mmol) was introduced into a
100-mL Erlenmeyer flask in which was dissolved 2,2'-diphenyl hydra-
zine (1 g, 5 mmol) in ether (50 mL). The mixture was kept at room
temperature for 2 h, After filtering, the reduced polymer was washed
with ether until it became colorless,

Catalyst Preparation

The catalysts were prepared by impregnating polymers with aque-
ous hydrochloric solutions of PdClz. The polymer (2,27 g, 6 mmol)
was placed in a vessel with a solution of PdCl: (0.0115 g Pd for
catalysts with 0.5 wt% Pd) and allowed to stand overnight.

Half from the solid product obtained was separated, washed with
water, and dried at 110°C. In this way the polyaminochloroquinone-
PdACl: and polyaminochlorohydroquinone-PdClz catalysts were ob-
tained.

The next portion of solid product was reduced with hydrazine hy-
drate in alkaline medium. For that, the solution was adjusted to about
pH 9 by the addition of KOH solution, and then hydrazine hydrate in
excess was slowly added until the metal was completely reduced. The
brown mass was washed with water to remove the alkalinity and dried
at 110°C. This resulted in two kinds of catalysts: the polyamino-
chloroquinone and polyaminochlorohydroquinone with deposited PdCl.,
and the same compounds reduced.

Testing of Catalytic Activity

The activities of the catalysts were tested by the hydrogenation re-
action of styrene. The reaction was carried out in a 5-ulL pulse micro-
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reactor. The reaction products were analyzed on a Chromatron gas-
chromatograph GCHF 18.3 fitted with a catharometer. The column
(1 m in length, 0.11 in. in diameter) was packed with 10% tricresyl-
phosphate on Chromosorb P 30-60 mesh. The injector, column, and
detector temperatures were 100, 80, and 100°C, respectively. The
hydrogen flow rate was 86 mL/min. For each determination, 0.14 g
catalyst was used.

RESULTS AND DISCUSSION

The following abbreviations are used: PACQ-PdCl: = catalyst ob-
tained from polyaminochlorogquinone by deposition of PdClz, PACQ-
PdCl: (r) = catalyst obtained from polyaminochloroquinone by deposi-
tion of PdCl: and their reduction with hydrazine hydrate, PACHQ-
PdCl: = catalyst obtained from polyaminochlorohydroquinone by depo-
sition of PdCl:, and PACHQ-PdCI: (r) = catalyst obtained from poly-
aminochlorohydroquinone by deposition of PdCl: and their reduction
with hydrazine hydrate.

The results obtained in testing the above catalysts are presented
in Fig. 1

Examination of Fig. 1 reveals that catalytic activity is a function
of the use of polyaminochloroquinones or polyaminochlorohydro-~
quinones as supports and by the use of reduced and unreduced PdCl:
deposited on the support. In the first case, the use of the PACQ-
PdCl. catalyst, the catalytic activity begins at 60°C and the conver-
sion of styrene to ethylbenzene increases with an increase in temper-
ature, so that at 90°C the conversion is 100%. Only ethylbenzene is
present as a reaction product.

PACHQ-PdCl: catalyst has similar behavior in the same hydro-
genation reaction test. Conversion increases with an increase in
temperature; maximum conversion is obtained below 110°C,

The PACQ-PdCl: (r) catalyst presents a different behavior. Cata-
lytic activi&v begins at 50°C, increases up to 70°C (maximum con-
version 80%), and decreases up to 120°C.

PACHQ-PACl: (r) catalyst gave unexpected catalytic activity. The
catalyst attains maximum conversion at low temperature (40°C) while
maintaining the same high selectivity.

The best catalytic activity is that of the PACHQ-PACl: (r) catalyst.
The PACQ-PdCl: and PACHQ-PACl: catalysts show comparable
catalytic activities. The PACQ-PdCl: (r) catalyst has the least cata-
lytic activity.

The structures of these catalysts are interesting. For the polymer
based on chloranil and benzidine, Berlin [3] indicated the formation of
a copper chelate which contains Cu—-N bonds but not Cu-Cl bonds. In
the case of the catalysts presented above, the substitution of hydrogen
for amino groups with palladium may not be produced by using a weak-
ly acidified palladium chloride solution for complexation. It is more
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FIG. 1. The catalytic activity of polymer catalysts in test reac-
tions of styrene hydrogenation: (&) PACHQ-PdCl:, (® ) PACHQ-
PdCl: (r), (2 ) PACQ-PdClz, (¥ ) PACQ-PdCl: (r).
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FIG. 2. IR spectra of polymer catalysts: (A) PACQ-PdCL (r)
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(B) PACQ-PdCl:, (C) PACHQ-PdCl:, (D) PACHQ-PdCL: (r).
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probable that the palladium chloride and the amino groups of the poly-
mer support form a complex similar to the complex of palladium
chloride with ammonia. This assumption is supported by the IR
spectra of the catalysts in the 200-600 cm™* region (Fig, 2).

Note that the Pd—N stretching frequency is at 508 cm™ ! for all
catalysts. This is in agreement with the data of During [4] who _
found that the Pd-N stretching frequency ranges from 528 to 436 cm
depending on the nature of the ligands in the complex. From Fig. 2 it
is seen that the characteristic band for Pd-Cl appears at 360 cm™?,
thus proving the presence of this bond [5].

The IR spectra indicate the presence of a gingle active species of
catalyst in which catalytic activity increases or decreases depending
on other structures present in the reaction mixture.

1
’
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