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Interfacial and Solution Polycondensation of Phosphorus

Oxychloride with Diamines

Mitsuo TsukiNo and Sunao MURATA

Abstract

Organophosphorus polymers were prepared by the interfacial and the solution polycondensation

of phosphorus oxychloride with aliphatic and aromatic diamines. From the results of IR spectrum

and elementary analysis it was deduced that the obtained polymers were linear polymers. From the

solution viscosity measurement it was deduced that the polymerization degree were low. The

reaction conditions in the interfacial polycondensation with hexamethylene diamine (HMD) were

investigated.
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Table 1 Interfacial polycondensation of POCls with diamines

Reactants | Condition Product
No. POCI3 | HaN-R-NH. Na;COs | Temp| Time| Yield
3%‘} Mol 1 S?;}"f;']"; { R- * Weigh" Mol | F20 W“g‘“{ Mol | °C | min meigg" %
1 7.651 0.05 CH2Cl2 HM 8.70, 0.075| 75 7.95 0.0752C—25/ 6
2 V4 27+ CHCI12CHCl, 2 V% V4 50 4 7 |[15—20] 2.80! 31.5
3 3.07, 0.02 77 DDM 6.C0] 0.03 60 3.180 0.035C—60] 5 3.61; 68.5
4| » | » | CHeCls o-P 543 » | o 6.36| 0.c6 8—15 ~ | 010/ 2.9
5 // 2~ | CHCI2CHCl2| m-P 2 2 2 7 v [36—16| 7 0.05, 1.5
6 7 77| CH2Clo p-P 7 27 7 27 7| C—15 7 1.22) 35.3
7 7 7 | CHCI2CHCl;| m-T 3.66| 77 | 3.18, 0.0344—33] 7 0.05 1.4
8 7 7 v DP 5.521 Vi V4 7 48—60, 7 3.71| 75.2
9| 2 f 2 DPM 504 o |y | | v 41—s5 2~ | 2.62] 50.0
R HM —(CH)E DDM ~(CHpe 0P < mP <
PP (-, mT < xCHy DP <X~  DPM < OCHC-

ik Tt ipptse R &
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Table 2 Solution polycondensation of POCls with diamines
7 Reactants Condition Product

No POCl3  HN-R-NH: . TEA Temp.| Time | Yield

Wigh o | SR R [V ot | o0 | WY ot | c0 e MO s
10 3.07| 0.02| CH:Cl2 HM 2.32 0.02| CH2Cl2 4.04/ 0.0439—411 5 1.30] 36.5
11 7 7 7 DDM 4.00 7 7 7 7 7 7 2.66! 50.8
12 %4 7 THF o-P 2.16 2~ { THF V4 7 7 7 0.47 13.8
13 7 2 % m-P | 3.62 7 7 8.08 0.08 7 0.50, 14.7
14 4 7 7 p-P 2.16 7 % 4.04 0.04 7 7 1.82| 53.5
15 7 7 | CHoClg m-T 2.44 27 |CH2Cl2 7 7 2 7 1.66| 45.2
16 7 7 ” DP 3.68 7 7 7 ” 7 7 4.07| 82.8
17 27 Y 7 DPM 3.96 i 4 AN /7 4.131 79.4

Table 3 Properties of organophosphorus polymers prepared by the interfacial polycondensation

of POCls with diumines

HoN- | Elementar‘;‘;;la])}sis ‘
No. R-NHz| M.P. Tsp/e Calculated value Measured value Property

R C c|H | N[ P clulN| P
1 HM | 127-143 40.45 8.43, 15.73 17.42) 35.72 8.31| 13.52/16.14 | White powder
2 % 163-180 27 % 7 7 40.49 8.99 15.56/17.42 %
3 | DDM ! 211-214] 0.0778 54.96| 10.31} 10.69 11.83| 55.17| 10.55| 10.59]10.45 7
4 o-P 163* 0.0428 42.35] 4.12| 16.47) 18.24! 37.69 4.94) 14.43/15.43 | Brown. pinc p.
5 | m-P | 211-216] 0.0510, ~ % 7 7 | 41,52 4.62) 16.1411.02 | Grey powder
6 | p-P 195* 0.0592] » 7 7 | 43 64/ 5.18 16.07/18.12 | Brown. grey p.
7 m-T | 213-222] 0.0696| 45.65/ 4.89 15.22| 16.85 44.04 5.53 14.2212.44 | Grey powder p.
8 DP 285-294/  0.0834! 58 .54/ 4.47| 11.38 12.60] 53.86] 5.74/ 10.3813.35 Grey. white p.
9 | DPM | 173-186] 0.0536/ 60.00 5.00 10.77 11.92/ 6i.97 5 54 10.03'11.14 | Yellow p.

*  Decomposition point
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Table 4  Properties of organophosphorus polymers prepared by the solution poly-

condensation of POCls with diamines

H:N- . ! L " Elementary analysis
No. R-NHz| M.P. Tsple | Calculated value | Measured value Property
R | °C | c | = I c | H R
10| HM 192-19#' 10,45 8.43 1573 17.42) 38.74 8.57 14.47/18.54 | White powder
11 | DDM 310* \’ 0.0644] 54.96| 10.31} 10.69 11.83| 54.27| 10.47| 10.45/11.88 | . 7
12 Q-P 176"f 0.029?J 42.35! 4.12] 16.47 18.24“ 43.62| 4.56/ 14.9217.04 | Yellow powder
13 m-P l‘ 177* 0.0510 t 4 77 2 27 35.17] 5 05} 11 62[i18.63 | Yell. Brown powder
14| p-P 160% 0.0690! 2 7 7| 4411 5.13% 15.85/18.35 | Grey. white powd.
15! m-T 188* 0.0644| 45.65 4 89| 15.22| 16.85| 45.20| 5.55| 14.12/16.73 } White powder
16 | DP 270%* 0.0750; 58.54i 4.47, 11.38/ 12.60| 60.30| 5.29 10.6912.00 | Yell. powder
17 [ DPM_|_183* | 0.0536 60.00 5.0 10.77l 11.92/ 58.98 5.57 10.12111.75 | Yell. powder

*  Decomposition point
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