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ABSTRACT 

Bis(2-azido ethyl) adipate (BAEA) has  been 

synthesized and characterised for solubility, moisture 

content, density, refractive index, impact sensitivity 

and thermal behaviour. Its structure has been 

established with the help of IR and MAR. Thermal 

decomposition of BAEA has been studied by DTA and its 

activation energy is of the order of 45 - 46  k cal/mole. 
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INTRODUCTION 

P l a s t i c i z e r s  a r e  h igh  b o i l i n g  l i q u i d s ,  u s u a l l y  

o rgan ic  esters,  which a r e  added t o  polymers t o  modify 

t h e i r  p r o p e r t i e s .  The a d d i t i o n  of p l a s t i c i z e r s  improves 

f l e x i b i l i t y  which, i n  t u r n ,  improves low t empera tu re  

c h a r a c t e r i s t i c s  of a polymer. The i n t r o d u c t i o n  of t h e  

p l a s t i c i z e r  between two segments of a polymer 

s e p a r a t e s  p o l a r  groups a p a r t ,  t he reby  reducing  t h e  

monotow of c o n f i g u r a t i o n  and improving f l e x i b i l i t y .  

Two t y p e s  of p l a s t i c i z e r s  a r e  recognized  : 

no n- en e r g  e t i c and en e rg e t i c . 
The non-energet ic  p l a s t i c i z e r s  modify t e n s i l e  

s t r e n g t h ,  e longa t ion ,  toughness  and s o f t e n i n g  p o i n t  9 

b u t  do n o t  c o n t r i b u t e  t o  t h e  energy of a system. 

Some of t h e  w e l l  known non-explosive p l a s t i c i z e r s  

which a r e  being used f o r  t h e  manufacture  of r o c k e t  

? r o p e l l a n t s  a r e  t r i a c e t i n  (TA) , d i e t h y l  p h t h a l a t e  (DEP), 

ernolein and d i o c t y l  a d i p a t e  (DOA) e tc .  

The e n e r g e t i c  p l a s t i c i z e r s  improve/enhance 

f l e x i b i l i t y ,  e l a s t i c i t y  and spontaneous i g n i t i o n  

p r o p e r t i e s .  Moreover, t h e y  c o n t r i b u t e  t o  t h e  energy 

of t h e  system. I n  r o c k e t  p r o p e l l a n t s ,  t h e y  a r e  

p r e f e r r e d  t o  non-energet ic  p l z s t i c i z e r s  because  of 

t h e i r  c o n t r i b u t i o n  t o  energy. The e n e r g e t i c  p l a s t i c i z e r s  
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i n v a r i a b l y  c o n t a i n  f u n c t i o n a l  groups such a s  n i t r o ,  

f l u o r o n i t r o ,  f luoroamino,  a z i d o  etc. i n  a d d i t i o n  t o  

long ca rbon  - carbon chains .  

According t o  l i t e r a t u r e ,  a number of e n e r g e t i c  

p l a s t i c i z c r s  have r e c e n t l y  been s y n t h e s i z e d  and 

characterised:-l '  However, b i s  (2-azido e t h y l )  a d i p a t e  

h a s  n o t  y e t  been r epor t ed .  The o b j e c t i v e  of t h i s  

i n v e s t i g a t i o n  i s  t o  s y n t h e s i z e  and c h a r a c t e r i s e  

b i s (2 -zz ido  e t h y l )  a d i p a t e  and a l s o  t o  s t u d y  i t s  

the rma l  behaviour.  

SYKTHES IS 

The main chemicals  r e q u i r e d  f o r  t h i s  work a r e  

2-chloroethanol ,  L.R. (b.p. - 12OoC and d - 1.2011, 

a d i p i c  a c i d ,  L.R. (map. 152' t o  154OC) and Sodium 

az ide ,  L,R.,Miscellaneous chemicals  and s o l v e n t s  

r e q u i r e d  a r e  anhydrous magnesium s u l g h a t e  L.F.., 

sodium b i c a r b o n a t e  L.R., s o l v e n t  e t h e r  L.R., e t h a n o l  

L.F.. , t o l u e n e  L.R. and c o n c e n t r a t e d  s u l p h u r i c  ac id .  

These chemicals  were procured from t r a d e  and used a s  

such,  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  

The s y n t h e s i s  of b i s (2 -az ido  e t h y l )  a d i p a t e  

was performed i n  two s t e p s .  Bis(2-chloro e t h y l )  

a d i p a t e  was p repa red  i n  t h e  f i r s t  s t e p  and 

subsequent ly ,  b i s  (2-azido e t h y l )  a d i p a t e  was s y n t h e s i s e d  

i n  t h e  second s t e p  by r e a c t i n g  t h e  d i c h l o r o d i e s t e r  w i t h  

sodium az ide .  
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Bis(2-chloro  e t h y l )  a d i p a t e  i n  t h e  f i r s t  s t e p  

was prepared  by t h e  method a s  used f o r  t h e  p r e p a r a t i o n  

of b i s (1-chloro  hexyl )  ad ipa te .  1-3 

A mixture  of a d i p i c  a c i d  (0.04 moles) ,  2-chloro- 

e thano l  (0.08 moles) ,  concen t r a t ed  s u l p h u r i c  a c i d  (few 

drops)  a s  a c a t a l y s t  and t o l u e n e  a s  s o l v e n t  were t aken  

i n  a round bottom f l a s k  and r e f l u x e d  f o r  8 hours.  The 

s o l v e n t  was t h e n  removed under  reduced p r e s s u r e  and t h e  

r e s i d u e  was poured i n t o  water .  The r e s i d u e  was 

subsequent ly  e x t r a c t e d  w i t h  e t h e r ,  t r e a t e d  w i t h  sodium 

b ica rbona te ,  washed w i t h  w a t e r  and d r i e d  over anhydrous 

magnesium su lpha te .  The e t h e r  was removed under  reduced 

p r e s s u r e  and t h e  y i e l d  of b i s  (2-chloro e t h y l )  ad ipa te . .  

was about  90%. 

p u r i f i e d  by d i s t i l l a t i o n  under  reduced p res su re .  

The i n t e r m e d i a t e  product  was f u r t h e r  

Thin  l a y e r  chromatography of t h e  i n t e r m e d i a t e  

showed a s i n g l e  s p o t  i n d i c a t i n g  t h a t  t h e  compound was 

pure. The physico-chemical p r o p e r t i e s  of t h e  

i n t e r m e d i a t e  a r e ,  
3 P r o p e r t y  Exper imenta l  Repor ted  

Mois ture  con ten t ,  % 0.026 -- 
Boi l ing  point,'C ( a t  9 mm p r e s s u r e )  

Dens i ty  ( a t  25OC)., g/ml 1.2 1.3 

198 - 205 190 - 202 
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Bis(2-azido e t h y l )  a d i p a t e  (BAEA) was prepared 

i n  t h e  second s tep by t a k i n g  0.01 mole of his(2-chloro-  

e t h y l )  a d i p a t e ,  

e t h a n o l  a s  a s o l v e n t  i n  a round bottom f l a s k  and 

r e f l u x i n g  t h e  c o n t e n t s  f o r  40 hours.2s5 

was removed under  reduced p r e s s u r e ,  t h e  p roduc t  was 

ooured i n  w a t e r  fol lowed by e x t r a c t i o n  v i t h  e t h e r  and 

d ry ing  o v e r  anhydrous magnesium su lpha te .  ?he  e t h e r  

w a s  now removed under reduced p r e s s u r e  g i v i n g  b i s ( 2 -  

c z i d o  e t h y l )  ad ipn te .  The y i e l d  was abou t  72% and 

t h i n  l a y e r  chromatography i n d i c z t e d  t h a t  it was a pu re  

compound. F o r  t h i n  l a y e r  chromatography, a mix tu re  of 

hexane and chloroform ( 1 : l )  was used a s  e luen t .  

0.02 moles of sodium a t i d e  and 

The e t h a n o l  

CHWLACT El’, IZAT ‘COP1 

The  i n f r a - r e d  s p e c t r a  were r eco rded  a t  room 

tcrnpcriiturc by smear method using a Perkin-Elmer IR 

S?ectrophotometer,Model 683. The ‘I-I NbR s p e c t r a  were 

r cco rded  >with a Bruker 90 !vU-Iz FTiQhn us ing  CDC13 a s  a 

s o l v e n t  w i t h  Te t r ame thy l  S i l a n e  (TMS) a s  an i n t e r n a l  

s t anda rd .  

The moi s tu re  c o n t e n t  was determined us ing  K a r l  - 
F i s c h e r  r e a g e n t  (Qua l igen  F i n e  Chemicals,  Bombay). The 

s o l u t i o n  of sample i n  d r y  methanol was t i t r a t e d  w i t h  

s t a n d a r d  Karl-Fischer  r e a g e n t  u s ing  M e t t l e r  DL 40 RC 

Memot i t r a to r  and t h e  v a l u e  of moi s tu re  c o n t e n t  was 

r e a d  d i r e c t l y  from t h e  p r i n t e r .  
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The impact  s e n s i t i v i t y  was de te rmined  w i t h  a 

J u l i u s - P e t e r  Apparatus  (West Germany). The t e s t  c o n s i s t s  

of dropping  a hammer of d e f i n i t e  weight  ( 2  kg)  from a 

p r e s e t  h e i g h t  on to  a weighed q u a n t i t y  of t h e  sample. 

A number of 25 s i m i l a r  t e s t s  were c a r r i e d  o u t  a t  each 

h e i q h t  and t h e  number of i g n i t i o n s  .were recorded.  The 

c r i t i c a l  h e i g h t  which cor responds  t o  50% i g n i t i o n s  

was a c c o r d i n g l y  c a l c u l a t e d .  

D i f f e r e n t i a l  Thermal Ana lys i s  (DTA) was 

c a r r i e d  o u t  from 20°G t o  5OO0C by us ing  a l o c a l l y  

manufactured DTA appara tus .  10 mg of sample were 

t a k e n  i n  an  open p l a t inum cup and hea ted  a t  a r a t e  

of 10°C/min i n  an atmosphere of s t a t i c  a i r .  The 

r e f e r e n c e  sample ( c a l c i n e d  alumina - 10 mg) was t a k e n  

i n  a n o t h e r  p l a t inum cup. The t empera tu re  d i f f e r e n c e  of 

t h e  t e s t  sample and r e f e r e n c e  sample gias measured a s  a 

f u n c t i o n  of tempera ture .  I n  o r d e r  t o  c a l c u l a t e  t h e  

a c t i v a t i o n  energy  of the rma l  decomposi t ion of BAEA, 

r u n s  were recorded  a t  a h e a t i n g  r a t e  of 4OC/min, 

bof/min, S°C/min and 10°C/min. The peak maxima ob ta ined  

a t  v a r i o u s  r a t e s  of h e a t i n g  a r e  216OC, 22loC, 223OC and 

225OC r e s p e c t i v e l y  a s  shown i n  1Fig.i . The a c t i v a t i o n  

energy  o€ t he rma l  decomposi t ion of BAEA was de te rmined  

by app ly ing  Ozawacs method a s  w e l l  a s  K i s s i n g e r ' s  method. 
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I n  Ozawats method, a curve was p l o t t e d  between 

t h e  l o g a r i t h m i c  r a t e  of h e a t i n g  and t h e  r e c i p r o c a l  of 

peak maximum tempera tu re  i .e .  l o g  V s  ( l / T m )  where 

p is  r a t e  of h e a t i n g  and ( l /Tm) i s  t h e  r e c i p r o c a l  of 

ppak  maximum tempera ture .  It g i v e s  a s t r a i g h t  l i n e  

a s  shown i n  Fig.  2 and E was c a l c u l a t e d  from i t s  sLope. 

0.4567 

1.987 
Slope  = ---..--- E 

The a c t i v a t i o n  energy  was c a l c u l a t e d  by 

K i s s i n g e r ’ s  method by p l o t t i n g  curve between 

I n  --g---- Vs ---- 
(Fig.  2) and i t s  s l o p e  g i v e s  E 

1 which i s  a l s o  s t r a i g h t  l i n e  
(T,P Tm 

E 
1.987 

S l o p e  = ------- 
The c a l o r i i n e t r i c  v a l u e  was de te rmined  u s i n g  a 

Bomb C a l o r i m e t e r  (Toshniwal Ins t rumen t s  and Engineer ing  

Company, Bombay, I n d i a ) .  Nicrome wire is used  a s  f u z e  

w i r e .  The h e a t  l i b e r a t e d  d u r i n g  combustion i n c r e a s e d  

t h e  t empera tu re  of t h e  w a t e r  i n s i d e  t h e  j a c k e t .  The 

t empera tu re  r i s e  was moni te red  w i t h  t h e  h e l p  of a 

Beckmann Thermometer and t h e  c a l o r i m e t r i c  v a l u e  was 

c a l c u l a t e d  as d e s c r i b e d  i n  t h e  manual. 
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I I 

200 201 202 203 ,204 
5 - ’ x t o  

T m  

FlG.2: PLOTS FOR CALCULATION OF ACTIVATION ENERGY 
A- OZAWA’S METHOD 
8- KISSINGER’S METHOD 
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RESJLTS AidD DISCUSS 13N 

The p r e p a r a t i o n  of b i s  (2-azido e t h y l )  a d i p a t e  

c o n s i s t s  of 2 s t e p s  i.e. s y n t h e s i s  of b i s ( 2 - c h l o r o  

e t h y l )  a d i p a t e  fo l lowed  by i t s  r e a c t i o n  w i t h ~ s o d i u m  

az ide .  

The IR s p e c t r a  of b i s (2 -ch lo ro  e t h y l )  a d i p a t e  

show major  bands a t  1750 cn-l, 680 ern" and 2960 cm-l 

which cor respond t o  t h e  e s t e r ,  C-C1 and C-H s t r e t c h i n g  

v i b r a t i o n s  r e s p e c t i v e l y .  T h i s  i m p l i e s  t h a t  t h e  s t r u c t u r e  

of b i s ( 2 - c h l o r o  e t h y l )  a d i p a t e  may be  shown a s  

coo-CH 2-CH 2-c1 
1 
I 

(CH2I4 

COO-CH2-CH2-C1 

I n  t h e  second s t e p ,  b i s (  2-chloro e t h y l )  a d i p a t e  

was r e a c t e d  w i t h  sodium a z i d e  t o  g i v e  b i s ( 2 - a z i d o  

e t h y l )  a d i p a t e  (BAEA) by r e p l a c i n g  21 by Ng. 

s p e c t r a  of (SAEA) show major bands a t  1740 cm- , 
2980 cm'l, 2110 cm-l which cor respond t o  e s t e r ,  S-1-1 

and a z i d e  s t r e t c h i n g  v i b r a t i o n s ,  r e s p e c t i v e l y .  Thus, 

bo th  t h e  method of s y n t h e s i s  and t h e  IR d a t a  s u g g e s t  

t h e  fo l lowing  s t ruc tu re  f o r  b i s (  2-azido e t h y l )  a d i p a t e  

The IR 
1 

(BAEA). 
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2 1  
00-CH 2-CH2-N3 

lH b: 
: f: 

OO-y2-F2-N3 

The s t r u c t u r e  i s  supported'' by  NEAR s p e c t r a  

(Fig.  3)  which s u g g e s t s  t h e  p re sence  of 

H1 and H' -- 3.9 ppm 

H2 and H -- 4.1 ppm 

H and I!' -- 2.7 pnm 

H and I<5 -- 1.9 9pm 

The v a r i o u s  p r o p e r t i e s  such a s  d e n s i t y ,  mo i s tu re  

7 

3 

4 

c o n t e n t ,  r e f r a c t i v e  index ,  c a l o r i m c t r i c  v a l u e ,  impact 

s e n s i t i v i t y  and s o l u b i l i t y  were  de te rmined  and a r e  

shown i n  T a b l e  1. 

The s o l u b i l i t y  d a t a  show t h a t  BAEA i s  s o l u b l e  

i n  most of t h e  o r g a n i c  s o l v e n t s  i n c l u d i n g  n i t r o g l y c e r i n e  

(NG). T h e r e f o r e ,  it may e a s i l y  r e p l a c e  t r i a c c t i n  (TA) 

o r  d i e t h y l  p h t h a l a t e  (DEP)  which a r e  used i n  c a s t i n g  

l i q u i d  € o r  double-base (DB) and composite modi f ied  

double-base (GslDB ) prope  1 l a n t  s. 
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I n a 

78 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
0
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



Various P r o p e r t i e s  of 9 i s  (2-azido e t h y l )  a d i p a t e  (EAEA) 

M o i s t u r e  c o n t e n t ,  YS - 3.9340 

D e n s i t y  ( a t  25OC), $ /ml  

Ref rac t ive  Index ( a t  25OC)- 1.463 

- 1.1543 

Gal v a l u e ,  cal/gm - 1530 

F i q u r e  of I n s e n s i t i v e n e s s  (F of I )  

Conpos i t ion  (% of mass) Height  (cms) 

i )  NG f DEP 

ii) NG 9 BAEA 

80 20 

80 20 

ffi f DEP + BAEA 
80 10 10 

i v )  NG C DEPcBAEk 

i i i )  

80 15 5 

175 

58 

61 

7 2  

S o l u b i l i t y  

i )  S o l u b l e  i n  e t h a n o l ,  ace tone ,  chloroform,  

d i a e t h y l  formamide, methanol,  d i e t h y l  

p h t h a l a t e ,  t r i a c e t i n  and n i t r o g l y c e r i n e  

P a r t i a l l y  soluble i n  benzene and toluene ii) 

iii) I n s o l u b l e  i n  hexane and w a t e r  
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The "Figure of I n & , m s i t i v e n e s s t 1  (F of I) of 

BAEA i n  combination wi th  NG/DEP i s  a l s o  shown i n  

Table  1. The r e f e r e n c e  exp los ive  i s  t e t r y l .  The 

IF of 1" f o r  a convent ional  c a s t i n g  l i q u i d  l i k e  

NG:DEP ( 8 0 : Z O )  i s  175. The "F of 1" f o r  BAEA 

(RO:20) comes down t o  58, T h i s  i n d i c a t e s  t h a t  t h e  

c a s t i n g  l i q u i d  based on BAEA i s  more s e n s i t i v e  a s  

conpared t o  convent ional  c a s t i n g  l i q u i d  based on NG 

and DEP. The re fo re ,  DEP cannot be completely r ep laced  

by BAEA i n  view of s a f e t y  cons ide ra t ions .  By r e p l a c i n g  

a p a r t  of t h e  DEP by EAEA, t h e  '5 of I" i n c r e a s e s  and 

becomes 72  wi th  t h e  (80:15:5) composition. 

The DTA curves a t  d i f f e r e n t  h e a t i n g  r a t e s  a r e  

shown i n  Fiq.  2 
i n d i c a t e s  t h a t  t h e  exothermic deconpos i t i on  of BAEA 

s t a r t s  a t  197OC and is completed a t  223OC w i t h  t h e  

peak maxima a t  213OC. The evo lu t ion  of sinoke i s  a l s o  

observed du r ing  t h i s  exothermic r e a c t i o n .  

. The DTA curve ( h e e t i n g  r a t e  1O0C/mln) 

The a c t i v a t i o n  energy of BAEA, by Ozawa's method 

and K i s s i n g e r ' s  method a r e  c a l c u l a t e d  t o  be 46.28 

K cal/mole and 45.03 K cal/moi.e r e s p e c t i v e l y .  T h i s  

i n d i c a t e s  t h a t  BAEA i s  q u i t e  t h e r m a l l y  s t a b l e  a s  

compared t o  DB p r o p e l l a n t  Block; where a c t i v a t i o n  

energy has  been r e p o r t e d  a s  31 k csl/mole. 
11 
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The s o l u b i l i t y ,  c a l o r i m e t r i c  va lue ,  irnpact 

s e n s i t i v i t y  d a t a  suq- les t  t h a t  a p a r t  of non-energe t ic  

p l a s t i c i z e r  i .e.  DEP/TA can be r ep laced  by DAEA and 

a s  a r e s u l t ,  t h e  s p e c i f i c  impulse of t h e  p r o p e l l a n t  

w i l l  i nc rease .  

The experiments f o r  d e t a i l e d  s t u d y  of thermal  

behaviour  and mechanism of decomposition of BAEA a r e  

i n  p r o g r e s s  and w i l l  be r e p o r t e d  s h o r t l y .  

Authors  a r e  g r a t e f u l  t o  9r. Haridwar Siqgh, 

D i r e c t o r ,  ERDL f o r  g i v i n g  permiss ion  t o  pub l i sh  t h i s  

n a n u s c r i p t .  
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