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It has been found that the variety of new and useful cyclotriphosp-
hazene derivatives that are available by nucleophilic displacement
of halogens on the phosphazene ring can be expanded dramati-
cally by incorporation of the organofunctional substituents on the
phosphazene ring. In our lab, several cyclotriphosphazene deriva-
tives with multiple exocyclic, unsaturated groups were synthesi-
zed: N3P3(006H4CHZCH2)6(1), N3P3(O(CH2)4OC(O)C(CH3):CH2)5(2),
N3P3(OCHyC(CH;3)(CH,OC(O)C(CH3)=CH3)CH50)3 (3). (Scheme 1).
The polymerization and thermal stability of the copolymers of the
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SCHEME 1 (Continued)
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SCHEME 1 (Continued)
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Polystyrene 0/100 0 0 kX PMMA 0/100 [ o 0.5958
Pollymer 1 2100 1.96 43 2956 Polymer 1 21100 196 273 4.1523
Polymer 2 5100 476 8.1 5475 Polymer 2 5/100 476 566 129621
Polymer 3 10/100 91 104 6141 Polymer 3 107100 91 1033 18.8859
Polymer 4 151100 13 141 66,361 Polymer 4 15/100 13 10.05 20,1888
Polymer 5 201100 1667 254 7435

Polymer 1
Polymer 2
Polymer 3
Polymer 4
——PMMA

PMMA

Polymer 1
Polymer2
Polymer 3
Polymer 4
Polymer 5

100 200 300 400 500 600
Temperature ‘C

Ratio of 3MMA  mol% 3in Feed mol% 3in polymer Char Yield at 500°C
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101100 9.1 93 21.3502
15/100 13 14.9 37.6707
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FIGURE 1 (a) TGA of copolymers of cyclotriphosphazene 1 and styrene;
(b) TGA of copolymers of cyclophosphazene 2 and MMA; and (c) TGA of copoly-
mers of cyclophosphazene and MMA.
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multifunctional cyclotriphosphazenes and styrene or methyl methacry-
late were investigated. TGA analysis showed the thermal stability of
copolymer was greatly enhanced compared with polystyrene and poly-
methyl methacrylate (Figure 1).
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