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Phosphonitrilic Chloride. 40. 
Relationships between Electrical Conductivity 
and Thermal Behavior of 
Diaminotetraarylcyclotriphosphazenes 

M. KAJIWARA, K. SHIMONO, and H. SAITO 

Department of Applied Chemistry 
Faculty of Engineering 
Nagoya University, Furo-cho 
Chkusa-ku, Nagoya, Japan 

A B S T R A C T  

The behavior of various diaminotetraarylcyclotriphosphazenes 
N3P3(NH2)2R4 on heating has been studied. The homocondensa- 
tion reaction occurs with elimination of ammonia or  aniline when 
the N ~ P ~ ( N H Z ) Z ( O C ~ H ~ ) ~ ,  N3P3(NHz)2(CsHs)4, o r  N3P3(NHCsH5)6 
is heated under various conditions. However, the homocondensa- 
tion reaction does not proceed in case of N ~ P ~ ( N H z ) z ( S C ~ H ~  ) 4 ,  

because of the high conductivity of this compound. 

I N T R O D U C T I O N  

It is well known [ 11 that rubberlike polymers a r e  formed from 
hexachlorocyclotriphosphazene by heating, but that polymers do not 
form from hexaorganocyclotriphosphazenes except for some com- 
pounds. 

We reported [ 21 previously on the electrical conductivity of some 
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946 KAJIWARA, SHWIONO, AND SAITO 

oligomers or  polymers prepared from hexachlorocyclotriphosphazene. 
Also, we have reported on homocondensation of diaminotetrakis(tri- 
f1uoroethoxy)cyclotriphosphazene in a previous paper [ 31. 

conductivity and thermal behavior of some diaminotetraarylcyclo- 
triphosphazenes. 

In the present paper we describe the relationship between electrical 

R E S U L T S  AND D I S C U S S I O N  

C o n d e n s a t i o n  R e a c t i o n  of S o m e  D i a m i n o t e t r a -  
a r y l p h o s p h a z e n e s  

Ammonia i s  detected when diaminotetraphenoxycyclotriphosphazene 
N3P3( NHz ) Z  ( OC6H5 )4 or  diaminotetraanilinoc yc lotriphosphazene 
N3P3(NH2)zNHCsH5 )4 is heated under Nz but is not detected in the 
case of diam inote t r  at hiophenoxyc yc lotr ipho sphazene N3 P3( NH z ) z (SCS Hg )4 .  

phosphazene or hexaanilinocyclotriphosphazene N3P3(NHC6Hg)6 . 
determined by chemical analysis, and the reaction order was 
calculated. The results are shown in Fig. 1. 

Aniline i s  also detected on heating of diaminotetraanilinocyclotri- 

The amount of ammonia formed at 190, 220, 250, and 280°C was 
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PHOSPHONITRILIC CHLORIDE. 40 947 

TABLE 1. Activation Energy of Deammoniation 

Compounds AE (kcal/mole) 

32 

14a 

N3 P3( NHz ) z  (OCH z C F B ) ~  + HOCs HlOH 14-27b 

aData of Kajiwara et al. [ 41. 
bData of Bode and Clausen [ 51. 

The initial reaction was found to be first  order, with an apparent 
activation energy of deammoniation about 32 kcal/mole. The activa- 
tion energy of deammoniation is compared with the energy of similar 
compounds or reaction in Table 1. 

The energy of ammoniation of N ~ P ~ ( N H z ) z ( ~ C ~ H ~  )4 is the largest. 
The products prepared when ammonia evaporation reaches a 

steady state a re  determined by chemical analysis, and the results 
are summarized in Table 2. 

and the oligomeric products are stable to hydrolysis. 

P=N, P-NH-P, and P3N3 appear in the region of 1280-1260, 1060- 
840, o r  630-550, and 890-830 cm- ' ,  respectively. 

The structure of the product having a molecular weight about 
2000 is assumed from analysis to be as shown in I. This structure 
is also supported by the fact that 1 mole ammonia evaporated under 
steady-state conditions. 

The amount of ammonia formation from N~P~(NHz)z(NHCSH~ )4 

was determined. However, it i s  difficult to determine the reaction 
order because the amount of ammonia evaporated readily reaches a 

All of the products a re  glasslike, soluble in most organic solvents, 

In the infrared spectra of the products, frequencies attributed to 

TABLE 2. Relationship between Molecular Weight and Reaction Time 

Reaction Reaction 
temp. ( "C) time (hr)  MW Appearance 

190 80 1000 Glass 

220 76 1000 Glas s  

250 72 800- 1000 Glass 

280 48 2000 Glass 
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steady state. On the other hand, aniline is detected when 
N3P3(NH2)2(NHCsH5)4 o r  N ~ P ~ ( N H C G H ~ ) ~  is heated under various 
conditions. The amount of aniline was determined by chemical 
analysis, and the results are shown in Figs. 2 and 3, respectively. 

Bode [ 51 reported that the anilinocyclophosphzene can also be 
pyrolyzed with elimination of aniline; the pyrolysis products can be 
heated with aniline in a sealed tube to re-form the original cyclo- 
phosphazene, without change in ring size. 

Consequently, N ~ P ~ ( N H ~ ) z ( N H C ~ H ~ ) ~  and N3P3(NHCsH5)6 may be 
pyrolyzed with elimination of ammonia and aniline. 

In case of N Z P ~ ( N H ~ ) ~ ( S C ~ ~ H ~ ) ~ ,  ammonia o r  thiophenol is not 
detected at  260, 280, and 300°C. This means that homocondensation 
o r  pyrolysis reactions do not occur under these conditions. 
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950 KAJIWARA, SHIMONO, AND SAITO 

TABLE 3. Maximum and Coefficient of Ultraviolet Spectra and 
Electrical Conductivity of Diaminotetraarylcyclotriphosphazenes 

U1 t r  av iolet 

max 

Electrical (20°C) 

Resistance Conductivity 
Compound (nm) Emax (ohm/cm) (ohm-cm)-’ 

NsP3(NH z ) z (NHCs Hs )I 2 34 46,875 3.46 X 1014 2.88 X 

N3P3(NHz)z(SCaH5)4 239 97,413 6.89X 10” 1.45X 
321 9,680 

N3P3( NH z ) z (ocs H5 )1 2 10 21,604 2.79 X lOI4 3.59 X 
26 3 3,148 

N3P3( NHCsH5 )6 237 75,343 4.18 x 1014 2.09 x 
276 7,481 

277 9,190 

U l t r a v i o l e t  A b s o r p t i o n  a n d  E l e c t r i c a l  C o n d u c t i v i t y  
of S o m e  Diaminotetraarylcyclotriphosphazenes 

Ultraviolet absorption and electrical conductivity were measured, 

The resistance of the compound N ~ P ~ ( N H ~ ) z ( S C ~ H ~ ) ~  is lower than 
and the results a re  summarized in Table 3. 

that of other compounds. This demonstrates that delocalization of 
8-electrons in the N3P3 ring i s  increased by the influence of the 
-SCsH5 radical. 

E X P E R I M E N T A L  

Hexachlorocyclotriphosphazene (NPC1z)J was prepared by the 

Diaminotetraphenoxy- and diaminotetraanilinocyclotriphosphazene 
method of Kajiwara [ 61. 

were prepared by reaction with diaminotetrachlorocyclotriphospha- 
zene and phenoxide o r  aniline by the method of McBee [ 71 o r  Bode 

Hexaanilinocyclotriphosphazene was synthesized by the method 
of Allcock [ 91. 

Diaminotetrathiophenoxycyclotriphosphazene was prepared with 
the reaction of dic hlorocyclotriphosphazene and thiophenoxide with 
dioxane a s  solvent. This i s  a new compound which has  not previously 
been described. The melting points and molecular weight of the com- 
pounds prepared a r e  shown in Table 4. 

[81. 
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PHOSPHONITRILIC CHLORIDE. 40 951 

TABLE 4. Melting Point and Molecular Weight of Some Cyclotri- 
phosphazene Derivatives 

- 
MP ("C) MW 

Nd'd NH z ) 2 ( OCfi H5 )4 102- 103 104- 106a 540 439 
N ~ P ~ ( N H z ) z ( N H C ~ H ~ ) ~  238-240 256-258b 560 535 

Compound Found Literature Found Calculated 
- 

N3P3( NH z ) z (SC6 H5) 4 56- 57 5 10 603 
N3P3(NHCfiH5)6 26 5 267c 560 688 

Data of Mcbee et al. [ 71. a 
bData of Bode et al. [ 81. 
CData of Allcock and Kugell 91, 

Infrared spectra were obtained by use of the KBr-disk technique. 
Ultraviolet spectra were recorded on a Hitachi Model- 124 spec- 

Molecular weights were measured by high liquid chromatography 

The resistivity of cyclotriphosphazene derivatives was measured 

tometer, methanol being used a s  solvent. 

by use of a Shimazu LC-830 type instrument. 

by the method described by Kajiwara [ lo]. 

R E F E R E N C E S  

[ 11 F. Patat and F. Kollinsky, Makromol. Chem., 6, 292 (1951). 
[ 21 M. Kajiwara and H. Saito, J. Macromol. Sci.<-hem,, A l l ,  1081 

(1977); Polymer, 17, 1013 (1976). 
[ 31 M. Kajiwara, K. Nakashima, and H. Saito, J. Macromol. Sci.- 

Chem., All, 449 (1977). 
[ 41 m j i w a r a ,  J. Shuzuki, and H. Saito, Shikizai Kyokaishi, - 50, 

615 (1977). 
[5] H. Bode and H. Clausen, Z. Anorg. Chem., 258, 99 (1949). 
[ 61 H. Saito and M. Kajiwara, Kogyo Kagaku Zasshi, 66, 618 (1963). 
[ 71 E. T. Mcbee, K. Okuhara, and C. J. Morton, InorgTChem., - 5, 

450 (1966). 
[ 81 H. Bode, K. Buton, and G .  Lienav, Chem. Ber., 81, 547 (1948). 
[ 91 H. R. Allcock and R. L. Kugell, J. Chem. SOC., 1965, 5697. 

[ 101 M. Kajiwara, M. Hashimoto, and H. Saito, Polymer, - 14, 488 
(1973). 

Accepted by editor March 15, 1978 
Received for publication April 14, 1978 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


