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ABSTRACT

The polymerization of oxetan with acetic anhydride catalyzed by Maghnite-
H* (Mag-H) in dichloromethan (CH,CI.) as solvant was investigated.
Maghnite is a montmorillonite sheet silicate clay that is exchanged with
protonsto produce Maghnite-H* [1]. It wasfound that the polymerizationis
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initiated by Mag-H in the presence of acetic anhydride at 25°C. The effects
of the amounts of Mag-H and acetic anhydride were studied. The
polymerization yield increased as the proportions of catalyst and acetic
anhydride wereincreased. The reactionswere monitored by gel permeation

chromatography and *H-NMR spectroscopy.
© 2010 Trade SciencelInc. - INDIA

INTRODUCTION

Theuse of acid treated clays as asolid source of
protonsinanumber of industridly significant reactions
continues to be of interest because they constitute a
widdy avail ableandinexpendve solid sourceof protons.
They werewiddy employed ascracking catd ystsuntil
the 1960s and are still used currently in industria
processes such as the alkylation of phenols and the
dimerization and polymerization of unsaturated
hydrocarbons. Montmorilloniteshaveboth Bronsted and
Lewisaddstesand when exchanged with cationshaving
ahigh charge density, such as protons, they produce
highly-active catalysts for acid-catalysed reactions.
Intercal ated organic molecules are mobileand can be
highly polarized whenlocated i n the space between the
charged clay layers. Organic chemists, with synthesisin

mind, have so far confined their interests mainly to
swdlablemontmorillonitedaysanddmost dl of theday
catalysts used have been either (a) acid-treated clays
suchasK-10, or (b), ion-exchanged clayssuch asAl*,
Cr3 or H* exchanged Wyoming or Texas bentonites.
These acid-treated and cation exchanged clays can
be regarded simply as solid acids that act as
heterogeneous catalysts, with al of the advantages
resulting from theeasy removd of thecatalyst fromthe
product(s). Acid-treated clays, because of their
increased surface areaand swelling properties, have
also been widely used as solid supportsfor inorganic
reagents such aspotass um permanganate, thallium(l11)
nitrate and both copper(11) and iron(l11) nitrates. The
ion-exchanged clayshave mostly Bronsted acidity in
theinterlamellar zone and thus are characterised by
promoting acid-catalysed reactions, often of a


mailto:mohammed.ferrahi@caramail.com

RRPL, 1(1) 2010

Mohammed Issam Ferrahi et al. 7

—= Fyl] Paper

TABLE 1: Elementary compositionsof proton exchanged samplesof “Maghnite-H «

Composition wt%

i 0,
Sample SO, ALO, FeD, CaO Mg0 NaO K,0 Ti0, SO, As Ppr  '€d%

Raw-Maghnite  69.39 1467 116 030 107 050 079 016 091 005 11 0.0
Mag-H 0.05M 7075 1467 105 030 101 049 078 016 075 004 10 2584
Mag-H 0.10M 7100 1460 100 030 098 039 078 016 055 004 102 3273
Mag-H 0.15M 7158 1445 095 029 091 035 077 015 042 003 101 3986
Mag-H 0.20M 7165 1420 080 028 085 030 077 015 039 00l 106 4534
Mag-H 0.25M 7170 1403 57 028 080 021 077 015 034 001 11 6326
Mag-H 0.30M 7320 1385 320 07 078 320 076 013 031 002 978 5451
MagHO035M 7531 1352 01 026 078 018 075 013 032 001 803 4439

*PF : Pert in fire

TABLE 2: Polymerization of oxetanwith aceticanhydride
induced by “Maghnite-H* 0.25M ”

: [AA] M aghnite- Yield
Experiment (%) H'0.25M (%) (%) Mw
1 5 5 63.26 447
2 5 10 7168 415
3 10 5 67.84 379

[AA] : Acetic anhydride Effect of the amount of Mag-H on the
polymerization
TABLE 3: Polymer yiddswith timefor 0.01 mol/L of oxetan,
5% of acetic anhydride
Time(hours)
amount of 2 3 4 5 6
MaghniteH”"
5%
10%

931
16.52

1467 3146 4127 6326
2123 3786 4915 7168

bimolecul ar type, between protonated and neighbouring
unprotonated reactants. These exchanged
montmorillonites have been successfully used as
catalystsin polymerization reactions.The purpose of
this paper isto study the polymerization of oxetan and
examine the catalytic activity of an Algerian proton
exchanged montmorilloniteclay caled “Maghnite-H*”
(Mag-H)*8, anew non-toxic catalyst. Mag-H can be
easily separated from the polymer products and
regenerated by heating to atemperature above 100°C.
Theeffectsof therelative amounts of theMag-H and
the proportion of acetic anhydride on the outcome of
the polymerization are a so discussed.

RESULTSAND DISCUSSION

Catalyst structure

The e ementary analysis of the sel ected samples
obtained using XRF and theyiel dsobtained from the
reaction of 5% of each samplewith 0.01 mol/L of oxetan
and 5% of aceticanhydridefor 6 hoursin polymerization
at 25°C are as shown in TABLE 1.

The best yield was obtained using “Maghnite-H+
0.25M”, so for this reason this sample was used to
study the effects of catalyst and acetic anhydride
proportionson polymerization. Acid trestment of “Raw-
Maghnite” causes a reduction in octahedral content
(Al,O,) andresultedinanincreaseinthe proportion of
slica(Si0,) observed.

Polymerization and product characterization

Theresultsof polymerization experimentsof 0.01
M oxetan with 5 % of acetic anhydride induced by
“Maghnite-H* 0.25M” are reported in TABLE 2. For
al theseexperimentsthetemperaturewaskept constant
at 25°C for 6 hours.

We can see from TABLE 2 that the yield
increases as the proportion of “Maghnite-H* 0.25
M” increases (experiments 1, 2). TABLE 3 shows
the effect of the amount of Mag-H on the
polymerization yield. Indeed, using various amounts
of Mag-H: 5 and 10% by weight, the polymerization
was carried out in dichloromethan at 25°C. The
polymerization yield increased with the amount of
Mag-H, thus clearly showing the effect of Mag-H
asacatayst. Thisphenomenonisprobably theresult
of an increaseinthenumber of “initiating active sites”
respons ble of inducing polymerization, anumber that
isproratato the amount of catalyst used areaction.

Effect of theproportion of aceticanhydrideon the
polymerization

The addition of acetic anhydrideto the mixture
creates chain endsunableto takepart in polymerization
and consequently the problem of reproducibility of
mol ecular weight doesnot exigt, dlowing theexistence
of astable polymer.

Thedatain TABLE 2 showsthat theyiddincreases
as the proportion of acetic anhydride increases.
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TABLE 4: Polymer yieldswith timefor 0.01 mol/L of oxetan,
and 5% of maghnite-H+ 0.25M
Time(hours)
acetic anhydride
5%
10%

3 4 5 6

931 1467 3146 4127 6326
1297 1975 3386 4527 6784

TABLE 5: Product analysisby 'H-NM R spectr oscopy

Proton type (@ (b) ()
5in ppm 17 2.2 35

(experiments 1, 3). Thisresultisduetoamultiplication
of theactive centers. However, the molecular wei ght
increases when the proportion of acetic anhydrideis
reduced. Thisresultisdueto anincreasein the number
of methyl groupsat the extremities of the chainsthat
block the growth of polymer chains. These obser
vations were followed up in a series of detailed
experimentsinwhich thevariation of yield with time
was been observed at two levelsof acetic anhydride.
TABLE 4 showsthat increasing the acetic anhydride
amountsgavehigher yields.

Char acterization of products

Aninvestigation wasdevoted to theanalysisof the
polymer from experiment 1in TABLE 2 by 300 MHz
H-NMR spectroscopy (TABLE5). Thereactiontaking
placeisshowninthefollowing SCHEME:

According to thework published by Hamilton and

Maghnite-H*
n _— CH3CO (CH2)3O CCH3
(CHCO),0
O CH,Cl, y) n (|3|
T
LR T
o |
H: (a4 —— ik H o T CH A —— 0 ZF
B ] c &
'J_ g

Figure 1: *H-NMR spectra of the poly(oxetan) product of
experiment 1in TABLE 3

L

Semlyen® and Vivasand Contreras'® the 300 MHz
'H-NMR spectra(in deuterated chloroform, Figure 1)
showed three setsof pesks, corresponding tothemethyl
groupsof themain chainat 2.2 ppm, the § methylene
groupsat 1.7 ppm, thea methylenegroupsat 3.5 ppm.

EXPERIMENTAL

General

Oxetan (99%), acetic anhydride (99%), dichloro
methan (99%) and methanol (99%) were used as
received. Molecular weightswere determined by a
Waters high pressure GPC instrument (Modd 6000A
Pump) equipped withaseriesof Ultra-Styragel columns
(100, 500, 103, 104, 105 A), a 2401 Differential
Refractometer and a Model 440 UV Absorbance
Detector. Theflow rate of thetetrahydrofuran (THF)
eluent was 1 mL/min. The calibration curve was
constructed with well-fractionated poly(oxetan)
standards. *H-NMR spectrawererecorded on anAM
300 FT Bruker instrument using deuterated
chloroform as solvent, and tetramethylsilane (TMS)
asinternal standard.

Catalyst preparation

“Maghnite-H* XM’ were prepared by amethod similar
to that described by Belbachir et d .. Crudemaghnite
(20 g) wascrushed for 20 min using aProlabo ceramic
bl grinder. Itwasthendried by baking at 105°C for 2 h.
The maghnite was then weighed and placed in an
Erlenmeyer flask together with digtilled water (500 mL)
and magneticaly stirred maghnite/water mixture was
combined withsulfuricacid until ssturationwasachieved.
After 2 daysat roomtemperaturetheminera waswashed
withwater until it becamesulfatefreeand then dried at
150°C. Sulfuricacid solutionsof 0.05M, 0.10M, 0.15M,
0.20M, 0.25M, 0.30M and 0.35M concentration were
used to prepare “Maghnite-H*0.05M”, “Maghnite-H*
0.10M”, “Maghnite-H* 0.15M”, “‘Maghnite-H* 0.20M”,
“MaghniteH* 0.25M”, “Maghnite-H* 0.30M” and
“Maghnite-H*0.35M”, respectively.

Polymerization procedure and polymer
characterization

Polymerizationswerecarried out in stirred flasks
at 25°C. The catalyst wasdried inamufflefurnaceat
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120°C overnight and then transferred to a vacuum
desiccator containing P,O.. After cooling to room
temperature under vacuum, the mineral was added
to the oxetan (0.01 mol/L) and acetic anhydride (5%)
mixtures previously kept in the stirred flask at 25°C.
After therequired timean diquot of thereaction mixture
wasthen removed in such amanner asto excludeany
clay minerd and dowly added to methanol with stirring.
Theprecipitated polymer wasfiltered off, dried under
vacuum and weighed. The polymerswere redissol ved
in dichloromethan and precipitated in methanol for
characterization and mol ecular weight measurements.

CONCLUSIONS

In conclusion, we havefound that acid-exchanged
maghniteiseffectiveasaddic catdyd for thering opening
polymerization of oxetan. The polymerization catalysed
by Mag-H+, in the presence of acetic anhydride
proceeds by activated monomer mechanism (AMM)
toyield Poly( oxetan). The polymerization proceeds
smoothly, and asmplefiltrationissufficient to recover
thecatayst.
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