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Modification of Poly(2,6-dimethyl-1,4-phenylene
Oxide): Phosphorylation Studies

KUNAL CHANDER, R. C. ANAND, and INDRA K. VARMA*

Department of Chemistry and Centre for Materials
Science and Technology

Indian Institute of Technology, Hauz Khas

New Delhi 110016, India

ABSTRACT

Side chain bromination of poly(2,6-dimethyl-1,4-phenylene oxide)
(PPO) was carried out by using N-bromosuccinimide followed by
phosphorylation of the bromo derivative with triethyl phosphite.
Optimum conditions for minimum gel formation have been estab-
lished. The products have been characterized by 'H-NMR and IR
studies. Thermal behavior was investigated by thermogravimetry
and differential scanning calorimetry in an air/nitrogen atmosphere.
Phosphorylated PPO starts to lose weight at 200°C, but the char
yield increases with an increase in the phosphorus content of the
polymer.

INTRODUCTION

Phosphorus-containing compounds have been used as nondiscoloring
stabilizers for various polymeric materials [1]. Esters of phosphorus
acids (alkyl and aryl phogphites) and polyphosphites are of particular
interest and have been used as stabilizers for raw and vulcanized rub-
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ber, polyolefing, PVC, phenol-formaldehyde polymers, and poly(ethyl-
ene terephthalate) [2]. The use of zinc di-n-hexyl dithiophosphate for
enhancing the photooxidative degradation of poly(2,6-dimethyl-1,4-
phenylene oxide) has been reported recently [3].

The difficulty with low molecular weight stabilizers is their ten-
dency to leach out. Polymers having phosphorus as an integral part
of the backbone may be more stable for thermooxidative degradation.
The modification of commercially available polymers by reaction with
phosphorylating agents has been successfully used in several cases
[4-6]. We now report the modification of poly(2,6-dimethyl-1,4-
phenylene oxide) by introduction of phosphonate group as shown by the
following reaction sequence:

CHy CH,Br
3 NBS TEP
( <:> °—J ccL, €<:> ° )n >
CH
3 CH
"9
CHy —P — OC,Hg
-{0 - OCHg
CH,y

In this paper the synthesis, characterization, and thermal behavior
of polymers is described. The aim of these investigations is to use
these modified polymers as stabilizers for polyolefins, nylon 6, and
other commercially available polymers. These studies will be reported
in subsequent papers.

EXPERIMENTAL

2,6-Dimethylphenol (Fluka) was crystallized from hexane. Nitro-
benzene (BDH) was distilled and the middle fraction (bp 85°/10 mm)
was collected. Cuprous chloride was freshly prepared in the labora-
tory from CuSO4 and NaCl (both from BDH) according to a method re-
ported in Vogel [7]. Freshly crystallized N-bromosuccinimide (NBS)
(BDH) and double distilled triethyl phosphite (TEP) (bp 156°) were
used. Diglyme was kept over CaH; for a week followed by distillation
{bp 162°). Poly(2,6-dimethy1-1,4-ghenylene oxide) (PPO), obtained
from General Electric Co., had [7] COHCI; = 0,42 dL/g and Mn 28,500,

This commercial sample has been designated as ''S" (Table 1),

Preparation of Poly(2,6-dimethyl-1,4-phenylene
Oxide) (PPO)

PPO was prepared according to the method of Hay et al. {8] by
bubbling O; through a solution of pyridine (12 mL), nitrobenzene (34
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TABLE 1. Characterization of Various PPO Samples and Substituted
PPO Samples

No. Sample no. [n] (dL/g) K' (Huggins') constant
1 S 0.42 0.5
2 A 0.15 -

3 B 0.33 1.9

4 C 0.40 0.89
5 D 0.63 0.45
6 E 1.05 2.63
7 F 1.70 0.39
8 G 1.93 0.65
9 H 2.0 3.55

10 S1 0.21 0.88

11 Ci 0.21 -

12 Sz 0.17 2.42

13 Cz 0.216 3.3

14 C* 0.265 2.8

mL), and cuprous chloride (0.167 g), and then adding 2,6-xylenol

(2.5 g) with stirring at 30°C. After 0.5 h it was worked up by diluting
with chloroform (20 mL) and then adding CH3OH (200 mL) containing
conc HCI (0,5 mL). The polymer was filtered and then purified by
reprecipitation (three times) from a CHCls solution using CH3;OH as
nonsolvent. After washing with CH; OH the precipitated polymer was
dried in a vacuum oven at 70°C,

Different samples (A-D) were prepared by changing the duration of
the reaction. The intrinsic viscosities of various polymers are given
in Table 1.

In the above procedure, use of dried cuprous chloride resulted in
the formation of yellow-colored PPO. Again, by varying the reaction
time, different samples (E-H) were obtained. However, no additional
bands were noted in the IR spectra of these colored samples. The in-
trinsic viscosities are given in Table 1.



19:52 24 January 2011

Downl oaded At:

700 CHANDER, ANAND, AND VARMA

Bromination of Poly(2,6-dimethyl-1,64-

phenylene Oxide)

Samples S and C of PPO were brominated in batches of 7 g in CCl4
(1.5 L), NBS (10.8 g), and benzoyl peroxide (0.1 g) according to the
procedure reported in the literature [9]. The bromo derivatives,
poly (2-bromomethyl-6-methyl-1,4-phenylene oxide) (designated S,
and C,, respectively) were obtained in 95 and 96% yields, respectively
(Table 1).

Phosphorylation of Poly(2-bromomethyl-6-
methyl-1,4-phenylene Oxide)

Method 1

A mixture of poly(2-bromomethyl-6-methyl-1,4-phenylene oxide)
and TEP was gtirred and refluxed for 3.5 h. It was cooled and filtered
to remove any gel. Excess TEP was distilled off and the residue was
triturated with cold water several times. Water was decanted off and
the residue was dried. Reprecipitation of the phogphorylated polymer
from CH;OH by distilled water (three times) gave the desired polymer
which was dried under vacuum at 70°C for 2 d. Phosphorylated poly-
mers were prepared from commercial PPO and Sample C. These have
been designated as S and C», respectively (Table 1).

Method II

To a refluxing mixture of TEP (20 mL) and diglyme (20 mL) was
added C: (10 mL, 5% solution in diglyme) dropwise with stirring.
After refluxing for 4 h it was worked up as described in Method I to
afford phosphorylated polymer C, * in 90% yield.

Characterization

Intrinsic viscosity measurements were carried out at 30°C in CHCl;
using an Ubbelohde viscometer.

PMR spectra were recorded using CDCls or CCls as solvents and
trimethylsilane as the internal standard on a Perkin-Elmer Model
Spectrometer. IR gpectra were recorded in KBr pellets or as a liquid
film on a Pye Unicam SP 1200, Bromine estimation was carried out
by a modified Stepanow's method [10]. For example, the NaBr solution,
prepared by refluxing bromo-PPQO (0,05 to 0.75 g) with Na (0.5 to 0.62
g) in monoethanolamine (6 mL) and dioxane (3 mL), was treated with
an excess of 0.05 N AgNOs solution, The unreacted Ag* ions were esti-
mated by titrating against 0.05 N KCNS.
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Phosphorus Estimation

Phosphorylated PPO (0.15 to 0.25 g) was digested in conc H; SO4
(12,5 mL) and HC1O4 (14 mL), To this solution, after neutralization
with NH;, was added conc HNOs (10 mL) and solid NH4NOs (10 g).
The temperature of the solution was raised to 75-80°C and then am-
monium molybdate solution was added in excess. The precipitate was
filtered, washed with NH4NO; solution (2%) followed by distilled water
repeatedly till it is neutral to litmus. The precipitate was dried at
120°C for 6 h to constant weight.

Thermal Behavior

A Du Pont 990 Thermal Analyzer was used for evaluating the ther-
mal behavior of the polymers. Finely powdered (5 to 15 g) samples
were heated under static air or an N, atmosphere at 100 cm?® /min.

A Du Pont DSC was used to study the transitions in various polymers.
The samples were heated in an aluminum pan at a rate of 10°C/min in
static air or an N; atmosphere.

RESULTS AND DISCUSSION

Phosphorylation of PPO was carried out through Arbuzov's reaction
by refluxing the bromo-PPO (S, and C,) with TEP. This reaction is
normally accompanied by gel formation [5]. Cabasso et al. have re-
duced gelation by carrying out the reaction in diethylcarbitol [5]. In
the present investigations we have observed that gelation is dependent
upon 1) the concentration of TEP, 2) the initial rate of heating, and 3)
stirring during the reaction. The optimum conditions which completely
eliminate gel formation are a large excess of TEP, vigorous stirring,
and a slow rate of initial heating (Table 2).

Characterization

The yellow-colored polymers E to H could not be decolored by a
charcoal treatment or by continuous extraction by various solvents,
Although these polymers show very high intrinsic viscosities, yet Mn

(from HPLC) is fairly low. This could be attributed to association in
polymer solution which increases the flux time.

Bromo PPO shows lower [n] than the corresponding phosphorylated
PPO. This may be due to the introduction of bulkier groups in the side
chains of phosphorus-containing polymers.
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TABLE 2. Effect of TEP? on Gel Formation During Phosphorylation

Amount of Phosphorous Amount of
No. TEP (mL) content (%) gel (mg) Yield (%)
1 70 8.2 0 92
2 65 10 20 91
3 50 10 100 90
4 30 10 200 90

3 g of C; sample was used in all these experiments.
PMR and IR

PMR spectral data is in good agreement with the structure of phos-
phorylated PPO. A doublet around 63.1 (2H, J = 20 Hz) is due to the
—CH:-P group. The presence of —P' (O-CH;—CHs )2 has been shown by
a triplet at 61,2 (6H, J = 7 Hz) and a multiplet at 64.0 (4H). Aromatics
methyl and aromatic protons appear at 2.1 (s, 3H, CH;—Ph-) and 56.6
(m, 2H), respectively (Fig. 1). In IR spectra, P=0 stretching vibra-
tions appear at 1270 cm™', A sharp band at 780 cm~® has been assigned
to phosphorus benzyl stretching vibrations (Fig. 2).

N

& {ppm)

FIG. 1. 'H-NMR spectrum of phosphorylated poly (phenylene oxide)
in CDCls,
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FIG. 2. IR spectra of (bottom) poly(phenylene oxide) and (top)
phosphorylated poly (phenylene oxide).

THERMAL BEHAVIOR

Differential scanning calorimetry was studied in an air atmosphere.
Sample C, showed three endothermic peaks (Fig. 3). The first endo-
therm at 186°C may be attributed to Tm. In the cooling curve of sam-

ple C:, an exotherm was observed at 171°C which is due to crystalliza-
tion. The other two endothermic peaks are accompanied by weight loss
and may be due to a degradation reaction [5].

The effect of intrinsic viscosity/molecular weight and atmosphere
on the thermal behavior of polyphenylene oxide samples was investi-
gated by thermogravimetry. From the thermogravimetric traces,
initial decomposition (PDT) and final decomposition temperatures
were obtained by an extrapolation method (Table 3). The integral pro-
cedural decomposition temperature (IPDT) was calculated in the tem-
perature range of 25 to 800°C in a nitrogen atmosphere [11]. The
temperature of maximum rate of weight loss (T ) was obtained from
a plot of dw/dt vs temperature. max
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FIG. 3. DSC traces for Sample C; (top curve) and cooling curve
for Sample C: (bottom curve).
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TABLE 3. Thermal Behavior of Various PPO Samples in Air and
Nitrogen Atmosphere

No.  Sample [n] dL/g PDT®*  IPDTP T, ax T,

1 A 0.15 430 606 460 475

2 C 0.40 420 600 490 470
(350) (483) (490, 505)  (600)

3 F 1.70 360 5717 555 700
(340) (458) (490) (505)

4 H 2.0 360 - 550 620
(345) (443) (500) (530)

5 c¢ 0.8 425 606 455 650

(360) (467) (475, 545)  (615)

3y alues in parenthesis indicate the corresponding decomposition
temperature in air.
IPDT values are calculated when Ti is in the range of 25 to 800°C

(N atmosphere) and 25 to 500°C (air).
CThis PPO sample was obtained from Sample C by fractionation.

Poly(phenylene oxide) samples were stable in air and nitrogen
atmospheres up to 350°C and started decomposing above this tempera-
ture. PDT values were lower in an air atmosphere, and two Tmax

were observed in Sample C. An increase in molecular weight of sam-
ples resulted in a slight decrease in PDT and IPDT. However, an in-
crease in Tmax was observed (Table 3). Sample C was fractionated

by precipitation to obtain a fraction of higher intrinsic viscosity C*,
The Tf of this sample was considerably higher. From these results

it may be concluded that the onset of thermal degradation in poly(phen-
ylene oxide) is not dependent on the molecular weight of the samples.
However, if some impurities are present (as in yellow-colored Sam-
ples E to H), then degradation is initiated at a low temperature. The
IPDT of commercial polymer Sample S was lower than that of Sample
C (Table 4).

The effect of substitution of hydrogen for the methyl group of PPO
by bromine or phosphorylation, on thermal behavior of poly(phenylene
oxides), was also evaluated (Figs. 4 and 5). A considerable reduc-
tion in PDT and IPDT was noticed by bromination (C.), even though
the char yield at 800°C was not affected. Phosphorylated samples



CHANDER, ANAND, AND VARMA

706

0,008 e paje[ndTed sem prald 184D,

4 166 0S¢ o06F 08y OPE  0%E 002 92°0 * 20
0¥ LLS 00§ 08F OLF GPE  0gE 002 12°0 D
5g 79 - 089 06F 0SE  0Z¢ 0£2 L1°0 g
8¢ LSS 0SS 0SF  0S€  OIE 062 052 12°0 o)
LE 009 08¢ OLF 09F  0SF  OSP 0%y 070 0
8% €LS 0L S9F  09%  GSP  OGH 0s¥H 20 S
2(%) PRIAIBYD  (D,) 1Adl %08  %0F  %0€ %08 %01 (0,) raa  (8/1p) [U] adures

(D,) S8 [ENpPISAI
9, snolIRA JE dInjeIadwa],

azaydsouny ua3oXIN ® uf Odd P9INNISANS JO Jo1AByag [BWILYL ‘p ATAV.L

1102 Alenuer $z 25 :6T

v pspeo jumog



19:52 24 January 2011

Downl oaded At:

% Residual Weight

POLY(2,6-DIMETHYL-1,4-PHENYLENE OXIDE) 707

1001

90

80—

70—

60 |-

501

a0l

20 ——— N\ -

| | 1 | ] 1 I\ |
0 100 200 300 400 500 600 700 800

Temperature °C

FIG. 4. Thermogravimetric traces of commercial poly(phenylene
oxide) (S) (—) and phosphorylated poly(phenylene oxide) (Sz) (- -) in
nitrogen atmosphere.
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FIG. 5. Thermogravimetric traces of poly(phenylene oxide) (C)
{—), bromo poly(phenylene oxide) (C1) (- -), and phosphorylated
poly (phenylene oxide) (Cz *) (- + -).
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showed a two-step decomposition behavior and char yields were much
higher (40-55%). These results clearly indicate that phosphorylation
increases the condensed phase reaction, thus increasing the char yield
of the residue.

[10]

(11]
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