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I .  OBJECTIVE 

Union Carbide Corporat ion,  Chemicals and P l a s t i c s  
Opera t ions  Div is ion  has  agreed  t o  provide ,  on a l e v e l  of 
e f f o r t  bas i s ,  between 100.8 and 106.8 d i rec t  man months of 
e f f o r t  t o  a s s i s t  t he  Jet Propuls ion Laboratory i n  t h e  develop- 
ment  of a new o r  improved polymeric b inder  f o r  advanced solid 
p r o p e l l a n t  and hybr id  s o l i d  g r a i n s .  The de ta i led  o b j e c t i v e s  
a r e  desc r ibed  i n  Q u a r t e r l y  Report No. 1. 

11. ABSTRACT 

t 
\ 
i 

I 

Severa l  methods fo r  determining t h e  g l a s s  t r a n s i t i o n  
temperature  of l i q u i d  prepolymers were examined i n  o rde r  t o  
select  a convenient  method f o r  r o u t i n e  examination of samples. 
These methods c o n s i s t e d  of 1) simply measuring the  tempera- 
t u r e  a t  which a sample becomes a g l a s s y  so l id  i n  a manner 
analogous t o  determining a f r eez ing  p o i n t ,  2) measurement of 
t he  temperature  a t  which a weighted  penetrometer n e e d l e  b e g i n s  
t o  s i n k  i n t o  the  g l a s s y  polymer a s  it is allowed to warm u p  
through TG, and 3) measurement of the dynamic mechanical 
p r o p e r t i e s  of t h e  polymer using a t o r s i o n  pendulum. Method (2) 
was found t o  be f a s t ,  r e l i a b l e  and more s u i t a b l e  f o r  sc reening  
l a r g e  numbers of samples than e i t h e r  of the o ther  methods. I n  
t h e  molecular  weight reg ion  c u r r e n t l y  of i n t e r e s t ,  t h e  e thylene  
neohexene copolymers have a t r a n s i t i o n  temperature near  -50°C. 

We have a l so  prepared more examples of e t h y l e n e -  
neohexene telomers us ing  the halogen con ta in ing  t e logens  r epor t ed  
l a s t  q u a r t e r .  These te lomers  have been prepared w i t h  h i g h  
f u n c t i o n a l i t i e s  based upon t h e  te rmina l  groups d e r i v e d  from t h e  
t e logen  used. 

Of t h e  t h r e e  methods which w e  proposed f o r  conver t ing  
t h e s e  t e r m i n a l  groups i n t o  carboxyl groups,  one has  y i e l d e d  
c u r a b l e  prepolymers. T h i s  method is based upon e l i m i n a t i o n  of 
HBr from t h e  telomer end groups,  followed by ox ida t ion  of the 
r e s u l t i n g  t e rmina l  double bond t o  g i v e  a carboxyl  group. T h i s  
r o u t e  t o  cu rab le  ethylene-neohexene prepolymers is very promising 
and w i l l  be a c t i v e l y  pursued i n  t he  coming q u a r t e r .  
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111. SCOPE OF PROJECT 

I 

The scope of t h i s  work has  no t  changed from t h e  
program o u t l i n e d  i n  t h e  work s ta tement .  

IV . INTRODUCTION 

I n  our s i x t h  q u a r t e r l y  r e p o r t  w e  d i scussed  s e v e r a l  
new t e l o g e n s  and ethylene-neohexene telomers de r ived  from 
them. S e v e r a l  r o u t e s  by  which the t e rmina l  halogen f u n c t i o n s  
could  be conver ted  i n t o  ca rboxy l i c  a c i d  f u n c t i o n s  were de- 
s c r i b e d  and t h e i r  f e a s i b i l i t y  demonstrated us ing  model com- 
pounds. 

The p resen t  r e p o r t  d e s c r i b e s  a d d i t i o n a l  telomer 
s y n t h e s i s  and t h e  r educ t ion  t o  p r a c t i c e  of one of t h e  r o u t e s  
f o r  p l a c i n g  carboxyl  groups on the  polymer cha in  e n d s .  

Because of t h e  r e l a t i o n s h i p  b e t w e e n  t h e  g l a s s  t r a n s i -  
t i o n  temperature  of t h e  prepolymer and  t h e  low temperature  
p r o p e r t i e s  of t he  cured b inder  it w a s  necessary  t o  develop a 
r a p i d  and r e l i a b l e  method f o r  measuring g l a s s  t r a n s ]  tion 
temperature  of l i q u i d  prepolymers f o r  s c reen ing  purposes .  T h i s  
work is descr ibed  i n  the f irst  p a r t  of t h e  t e c h n i c a l  d i scuss ion  
t h a t  fo l lows .  
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V, TECHNICAL DISCUSSION 

A .  G l a s s  T r a n s i t i o n  Temperature Measurement 

The l i q u i d  copolymers of e t h y l e n e  w i t h  neohexene 
undergo a w e l l  de f ined  t r a n s i t i o n  t o  a g l a s s y  s ta te  when 
cooled t o  a l o w  temperature .  We have measured these t r a n s i -  
t i o n  tempera tures  by three d i f f e r e n t  methods: 

1. V i t r i f i c a t i o n  P o i n t ,  T, 

T h i s  method is f a i r l y  rough, however, i t  g i v e s  
r e s u l t s  which are probably wi th in  10' of t h e  actual  glass 
t r a n s i t i o n  temperature .  In t h i s  procedure,  a sample of t h e  
l i q u i d  copolymer is cooled i n  a test  t u b e ,  u s ing  a d r y  ice/ 
ace tone  bath.  While coo l ing ,  t h e  sample is st irred w i t h  t h e  
b u l b  of an alcohol f i l l e d  thermometer. The temperature is  
noted when a q u a l i t a t i v e  change from a v iscous  l i q u i d  t o  a 
b r i t t l e  s o l i d  is observed. T h i s  t empera ture  is called t h e  
" V i t r i f i c a t i o n  Poin t" ,  Tv t o  d i s t i n g u i s h  i t  from a more ac- 
c u r a t e l y  determined glass t r a n s i t i o n  tempera ture ,  Tg. 

W e  have used t h i s  method t o  c h a r a c t e r i z e  our  
copolymers s i n c e  t h e  beginning of t h e  program and have 
o b t a i n e d  t h e  l a r g e s t  body of data r e l a t i n g  t o  t h e  g l a s s  
t r a n s i t i o n  temperature  i n  terms of Tv (See Table I ) .  The 
data show t h a t  t h e  copolymer samples having t h e  lowest 
molecular  weights  also tend  t o  have t h e  lowest T,. 
c o r r e l a t i o n  is shown i n  F igure  1 i n  which t h e  T is  p l o t t e d  
a g a i n s t  t h e  r e c i p r o c a l  of t h e  number average molecular we igh t  
for  a large number of copolymer samples. These samples  are 
unhydrolysed ester terminated products  (prepared w i t h  DEAB 
or DMAB) or else CClq  telomers. A large amount of scatter 
i s  p r e s e n t ,  however, t h e  gene ra l  t r e n d  is ev iden t .  A least 
squa res  f i t  t o  t h i s  body of data y i e l d s  a l i n e a r  r e l a t i o n -  
s h i p  of t h e  form: 

T h i s  

T v w  - 1 ' 7 - ( I : B O )  

between T and l/&. The above equat ion  corresponds t o  t h e  
s o l i d  l ing  shown i n  Figure 1. Somewhat d i f f e r e n t  fits were 
ob ta ined  when t h e  three sets of copolymers were handled i n -  
d i v i d u a l l y .  

2. P e n e t r a t i o n  Temperature, T 

T h i s  measurement depends upon t h e  fact t h a t  a very  
large dec rease  in s h e a r  modulus occurs  i n  t h e  v i c i n i t y  of t h e  
glass t r a n s i t i o n  temperature.  Below t h e  T , t h e  sample is 
hard  and o f t e n  b r i t t l e ,  and resists deformBtion of any k ind .  
Above t h e  Tg, t h e   apple I s  e i t h e r  s o f t  and rubbery o r  else 
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POLYMERS PREPARED WITH: 

DMAB O ----- 
DEAB a .... ... ........... 
cc14 A ---- 
ALL DATA 

FIGURE 1 

Dependence of T, Upon Molecular Weight 
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a v i s c o u s  l i q u i d ,  and  c a n  be e a s i l y  deformed. I n  t h e  case o f  
o u r  l i q u i d  copolymer  s a m p l e s ,  we h a v e  found t h a t  a w e i g h t c d  
n1:edle does n o t  p e n e t r a t e  t h e  polymer g l a s s  below t h e  T b u t  
e a s i l y  and r a p i d l y  s i n k s  i n t o  t h e  s ample  above  t h e  T . %he 
e x a c t  t e m p e r a t u r e  a t  which t h e  n e e d l e  b e g i n s  t o  p e n e f r a t e  t h e  
sample  we have  ca l led  t h e  " p e n e t r a t i o n  t e m p e r a t u r e " ,  Tp ,  t o  
d i s t i n g u i s h  i t  from Tv and  Tg measured by o the r  procedures.  

Our p r o c e d u r e  a l l o w s  us t o  pe r fo rm r a p i d  and  r e p r o -  
d u c i b l e  measurements  o f  T , and is  w e l l  s u i t e d  f o r  r o u t i n e  
e x a m i n a t i o n  of a large nuEber  of s a m p l e s .  
w e  u s e  t o  measure  Tp i s  b u i l t  a round a s t a n d a r d  t y p e  of pene-  
trometer ( P r e c i s i o n  S c i e n t i f i c  Co.) f i t t e d  w i t h  a s h a r p l y  
p o i n t e d  n e e d l e .  The n e e d l e  i s  w e i g h t e d  w i t h  150 gm w e i g h t s  
which  bear a g a i n s t  a s h o r t  l e v e r  arm t h a t  i s  c o u p l e d  t o  t h e  
s h a f t  o f  a p o t e n t i o m e t e r .  A d r y  c e l l  is c o n n e c t e d  t o  t h e  
p o t e n t i o m e t e r  w h i c h  d e l i v e r s  a v a r i a b l e  v o l t a g e  o u t p u t  de- 
p e n d i n g  upon t h e  p o s i t i o n  o f  t h e  we igh t  (and hence  t h e  p o i n t  
o f  t h e  n e e d l e ) .  The electrical  p o s i t i o n  r e a d o u t  is recorded 
on  a s t r i p  char t  recorder s i m u l t a n e o u s l y  w i t h  t h e  s a m p l e  
t e m p e r a t u r e  (measured by a the rmocoup le  mounted a d j a c e n t  t o  
t h e  p o i n t  of t h e  p e n e t r o m e t e r  n e e d l e ) .  

The a p p a r a t u s  which 

A few d r o p s  of t h e  polymer s a m p l e  are p l a c e d  i n  a n  
aluminum f o i l  c u p  which is t h e n  r a p i d l y  c o o l e d  i n  l i q u i d  n i -  
t r o g e n  t o  g i v e  a small b u t t o n  of g l a s s y  polymer.  The sample  
is t h e n  immersed i n  a me thano l  b a t h ,  p r e - c h i l l e d  below t h e  
g l a s s  t r a n s i t i o n  t e m p e r a t u r e  e x p e c t e d  f o r  t h e  s a m p l e .  A f t e r  
p l a c i n g  t h e  p e n e t r o m e t e r  n e e d l e  and  t h e  t h e r m o c o u p l e  j u n c t i o n  
upon t h e  polymer b u t t o n ,  t h e  bath is a l l o w e d  t o  w a r m  u p  w h i l e  
c o n t i n u o u s l y  r e c o r d i n g  t h e  t e m p e r a t u r e  and  p o s i t i o n  r e a d o u t s .  

We have  measured t h e  Tp of a large number of o u r  
l i q u i d  copolymer samples .  T a b l e  I and  F i g u r e  2 show t h e  
e f f e c t  which  m o l e c u l a r  w e i g h t  h a s  upon Tp f o r  e t h y l e n e -  
neohexene  copolymers  w i t h  n o n - a s s o c i a t i n g  end-g roups .  These  
copo lymers  were t a k e n  from t h r e e  d i f f e r e n t  sets 01 samples :  
1) s a m p l e s  p r e p a r e d  w i t h  DEAB i n i t i a t i o n ,  2)  s amples  p r e -  
pared w i t h  DMAB i n i t i a t o r ,  a n d  3) samples  p r e p a r e d  i n  t h e  
p r e s e n c e  of CC14 as chain t r a n s f e r  a g e n t .  

o n l y  i f  t h e  m o l e c u l a r  w e i g h t  is low enough. The f u n c t i o n a l  
dependence  o b s e r v e d  f o r  t h i s  f a m i l y  o f  po lymers  is: 

Note t h a t  a c c e p t a b l e  v a l u e s  f o r  Tp c a n  be o b t a i n e d  

When samples  w i t h  c a r b o x y l  end  g r o u p s  were examined ,  
we found  t h a t  a g i v e n  c a r b o x y l  t e r m i n a t e d  p r o d u c t  a l w a y s  
showed a h i g h e r  T 
i t  h a d  b e e n  prepaPed.  
p e r m i t  d e r i v a t i o n  o f  a u s e f u l  e q u a t i o n  r e l a t i n g  T w i t h  l/Mn. 
However,  i n d i v i d u a l  v a l u e s  t e n d  t o  be 20 t o  30' hygher  t h a n  
t h e  Tp fo r  ester t e r m i n a t e d  materials of comparab le  m o l e c u l a r  
w e i g h t .  The d i f f e r e n c e  becomes smaller a t  h i g h e r  m o l e c u l a r  w e i g h t s .  

. t h a n  t h e  ester t e r m i n a t e d  p r o d u c t  from which 
T h e r e  I s  too much scatter i n  t h e  d a t a  t o  
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I n  view o f  t h e  i n f l u e n c e  o f  c a r b o x y l  g r o u p s  on 
g l a s s  t r a n s i t i o n  t e m p e r a t u r e  and  t h e  f a c t  t h a t  we are p r i -  
m a r i l y  i n t e r e s t e d  i n  t h e  low t e m p e r a t u r e  p r o p e r t i e s  o f  t h e  
c u r e d  b i n d e r ,  which c o n t a i n s  n o  f r e e  c a r b o x y l  g r o u p s ,  i t  
would a p p e a r  t h a t  Tg s c r e e n i n g  d a t a  o b t a i n e d  on  ester t e r -  
mina ted  p r e p o l y m e r s  would b e  more m e a n i n g f u l  t h a n  measurements  
made o n  a c i d  t e r m i n a t e d  p repo lymers .  

3. T o r s i o n  Pendulum Measurements 

Use o f  t h e  t o r s i o n  pendulum h a s  been  w i d e l y  a c c e p t e d *  
as a v a l i d  method f o r  measu r ing  t h e  g l a s s  t r a n s i t i o n i n  po lymers .  
I n  t h i s  method,  t h e  s a m p l e ,  a ce l lu lose  b l o t t e r  s a t u r a t e d  w i t h  
t h e  g l a s s y  po lymer ,  i s  c o u p l e d  t o  a t o r s i o n  pendulum. Measure- 
ment of t h e  damping c h a r a c t e r i s t i c s  of t h e  pendulum, as t h e  
sample  t e m p e r a t u r e  is changed ,  allows one t o  o b s e r v e  changes  i n  
t h e  p h y s i c a l  p r o p e r t i e s  of t h e  p o l y m e r / b l o t t e r  sys t em.  Below 
t h e  g l a s s  t r a n s i t i o n  t e m p e r a t u r e ,  t h e s e  p r o p e r t i e s  are l a r g e l y  
d e t e r m i n e d  by t h e  r i g i d  polymer g l a s s .  

The o u t s t a n d i n g  advan tage  o f  t h i s  method i s  t h a t  s e c o n d a r y  
t r a n s i t i o n s ,  o c c u r r i n g  below t h e  glass  t r a n s i t i o n ,  c a n  be de-  
t e c t e d ,  as well as c r y s t a l l i n e  t r a n s i t i o n s .  The main d i s a d v a n -  
t a g e  t o  t h i s  method i s  t h a t  i t  is t i m e  consuming and n o t  w e l l  
s u i t e d  f o r  t h e  r o u t i n e  e v a l u a t i o n  o f  a l a r g e  number of  s a m p l e s ,  
The r e s u l t s  are a l s o  somewhat dependent  upon t h e  f r e q u e n c y  o f  
o s c i l l a t i o n  of t h e  t o r s i o n  pendulum, h i g h e r  T g ' s  b e i n g  found 
a t  n i g h e r  f r e q u e n c i e s .  

T h r e e  p a r a m e t e r s  are de te rmined  by  t h e  t o r s i o n  pendulum: 
s h e a r  modulus ,  G ' ;  loss  modulus,  G"; and  d i s s i p a t i o n  f a c t o r ,  
G"/G ' .  I n  t h e  v i c i n i t y  of t h e  T , a r a p i d  decrease of G '  and 
a n  i n c r e a s e  i n  G" o c c u r s  as we18 as a n  i n c r e a s e  i n  t h e  r a t i o  
G"/G'. Changes i n  a l l  t h ree  o f  these p a r a m e t e r s  have been u s e d  
t o  i n d i c a t e  t h e  p o s i t i o n  o f  t h e  g l a s s  t r a n s i t i o n  t e m p e r a t u r e .  

We have  made c o m p a r a t i v e l y  few t o r s i o n  pendulum T 
measu remen t s ,  however ,  a good c o r r e l a t i o n  was found t o  e x i s f  
be tween T as d i s c u s s e d  i n  p a r t  21, and t h e  b r e a k  i n  t h e  p l o t  
o f  G' verEAs T. These measurements are p r o b a b l y  e q u i v a l e n t  
and  w i t h i n  e x p e r i m e n t a l  e r r o r  of each o the r .  The maximum p o i n t  
i n  t h e  G"/G'  v e r s u s  T c u r v e  a l s o  correlates w i t h  T , b u t  i s  
s Y s t e m a t i c a l l y  s h i f t e d  t o  a s l i g h t l y  h i g h e r  t e m p e r g t u r e .  

T a b l e  11 shows t h e  a c t u a l  d a t a  o b t a i n e d .  TGl r e p r e s e n t s  t h e  
b r e a k  p o i n t  i n  t h e  G' v e r s u s  T c u r v e ,  i . e . ,  t h e  p o i n t  w h e r e  t h e  
h i g h  modulus ,  c h a r a c t e r i s t i c  of t h e  g l a s s y  polymer ,  b e g i n s  t o  
f a l l  o f f  r a p i d l y  w i t h  i n c r e a s i n g  T: 

* L. E. N i e l s e n ,  Rev. S c i e n t i f i c  Instrument8 , 22, 690 (1951)  
J .  A.  Fauche r  and J .  V. Koleske, Phys .  and Chem. of Glasses, 
7 ,  202 (1966) 
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TABLE I1 

SAMPLE 

23-EMS- 4 

23-EMS-11 

24-EMS-90 

" 87 

'' 92 

" 96 

" 112 

" 114 

END GROUP 

Ester 
11 

t t  

Acid 
I 1  

1 1  

t t  

t l  

-40 

-41 

-47 

-21 

-33 

-28 

-23 

-26 

---. 

TP 
-54 

-50 

-6 1 

-37 

-46 

-45 

-37 

-36 

- 
TG 1 - 
-52 

-50 

-58 

-40 

- 50 
-47 

-38 

-38 - 
In some of the torsion pendulum experiments, we 

carried out measurements from -170' up to +2OoC. These 
measurements showed a secondary transition in the copolymers 
which occurs near -120OC. 

Because of the comparative ease with which T 
can be obtained, and the near-equivalence of the results with 
T G ~  obtained with the torsion pendulum, we will continue 
to measure T and use it for routine characterization of 
polymer low Femperature properties. 
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B. Telomer P r e p a r a t i o n  

I n  o u r  l as t  q u a r t e r l y  r e p o r t ,  w e  d i scussed  t h e  pre-  
l imina ry  r e s u l t s  ob ta ined  when e thy lene  and neohexene were 
cote lomer ized  i n  t h e  presence  of s e v e r a l  new bromine c o n t a i n i n g  
t e l o g e n s .  Telogen CTAC is t y p i c a l  o f  these t e l o g e n s  and par -  
t i c i p a t e s  i n  t h e  fo l lowing  sequence o f  e v e n t s :  A propagat ing  
polymer r a d i c a l  abstracts a bromine from t h e  t e l o g e n  y i e l d i n g  
a bromide t e rmina ted  polymer cha in  and a n  acid radical.  T h i s  
r e i n i t i a t e s  a n o t h e r  polymer cha in  which  t e r m i n a t e s  i n  t h e  same 
manner as d i d  t h e  f irst  cha in .  I n  t h e  presence  of a small amount 
of  a free r a d i c a l  i n i t i a t o r  t o  start  t h e  whole  p rocess  going ,  
t h e  r e s u l t i n g  polymer molecules  w i l l  have t h e  f ragments  from t h e  
t e l o g e n  a t  e i t h e r  end of t h e  molecule. 

I n  Table  VI of o u r  last  r e p o r t ,  w e  gave t h e  exper imenta l  
c o n d i t i o n s  f o r  t e n  such t e l o m e r i z a t i o n s  i n  which CTAA, CTAB, 
CTAE, CTAC, and CTAD were used as t e l o g e n s .  A n a l y t i c a l  data 
were p resen ted  f o r  t h e  p roduc t s  of t w o  o f  these runs .  The re- 
mainder of t h e  data is presented  i n  Table  111. E s p e c i a l l y  
noteworthy is  t h e  f u n c t i o n a l i t y  ob ta ined  i n  run  #24-EMS-72 
which  c o n t a i n s  0.96 0 2  (ester) groups p e r  molecule and 1.05 
bromides p e r  molecule. 

Tab le s  I V  and VI show t h e  exper imenta l  c o n d i t i o n s  
u s e d  i n  f i f t e e n  more t e l o m e r i z a t i o n s  done i n  t h e  last quar te r .  
The a n a l y t i c a l  d a t a  ob ta ined  upon t h e  p roduc t s  from t h e s e  runs  
is g i v e n  i n  Tab les  V and V I I .  

A l l  of these t e l o m e r i z a t i o n s  were carried out  a t  90°C 
i n  t h e  presence of t h e  same i n i t i a t o r .  

- 10 - 
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C. Reac t ions  of Telomers - 

We have proposed t h r e e  r o u t e s  by which the bromide 
te rmina ted  telomers d i scussed  i n  Part A may be conver ted  t o  
carboxyl te rmina ted  prepolymers. These a r e  : 

1. El imina t ion  of HBr followed by o x i d a t i o n .  

2. Displacement by -CN‘ followed by h y d r o l y s i s .  

3. Displacement by S‘ l ead ing  t o  coupl ing .  

We r e p o r t e d  examples where (1) and (3) were a p p l i e d  t o  a model 
compound t o  g i v e  t h e  expected products .  

We have s i n c e  found that  CN- displacement  a l s o  
works on model compounds, and t h a t  a dimercapt ide is a s  e f f e c -  
t i v e  as  s u l f i d e  i n  r o u t e  (3) fo r  g i v i n g  coupled products .  
However when these r e a c t i o n s  were a p p l i e d  t o  the  bromide 
te rmina ted  t e lomers ,  r o u t e s  (2) and (3) led t o  HBr e l i m i n a -  
t i o n ,  no t  Br  d i sp lacement ,  under f o r c i n g  r e a c t i o n  c o n d i t i o n s .  
Milder c o n d i t i o n s  gave no r e a c t i o n  a t  a l l .  We found t h a t  
only r o u t e  (1) gave u s e f u l  r e s u l t s .  T h i s  sequence of r e a c t i o n s  
was o u t l i n e d  i n  our le t ter  r e p o r t  of Ju ly  13, 1967. 

When one t r e a t s  a sample of a bromide terminated 
te lomer w i t h  potassium hydroxide i n  r e f l u x i n g  n-butanol,  com- 
plete e l i m i n a t i o n  of HBr from the end groups can be obta ined .  
T h i s  is suppor ted  by both s p e c t r a l  and e l emen ta l  a n a l y s i s  
d a t a .  
i n  the  i n f r a r e d  spectrum due t o  t he  t rans  grouping: 

The products  e x h i b i t  a s t r o n g  abso rb t ion  a t  970 c m ”  

which is p r e s e n t  i n  the spectrum of t h e  c a u s t i c  treated m a t e r i a l  
bu t  n o t  i n  t h a t  of the o r i g i n a l  sample. No detectable amount 
of v i n y l  or vinylidene absorbtion w a a  present i n  the dehydrobromi- 
n a t e d  m a t e r i a l .  T h i s  is indirect evidence t h a t  the o r i g i n a l  ter- 
m i n a l  bromides were p a r t  of t h e  s t r u c t u r e  

- 16 - 



L 

Br- C - C H r  (Polymer) 

I 
H 

and no t  Br- CH2- CH2- (Polymer). 

Fu r the r  suppor t  f o r  HBr e lamina t ion  ,s given by the  
nega t ive  B e i l s t e i n  tes t  and t h e  low bromine c o n t e n t s  (shown 
by e lementa l  a n a l y s i s  of t h e  products ) .  

Treatment of t h e  above u n s a t u r a t e d  products  w i t h  
ozone i n  chloroform a t  -4 t o  -5°C l e d  t o  an in t e rmed’a t e  
ozonide product which showed no trace of t h e  970 band 
i n  its i n f r a r e d  spectrum. T h i s  ozonide was worked up by 
o x i d a t i o n  w i t h  aqueous p e r a c e t i c  a c i d .  

W e  have a p p l i e d  t h i s  r e a c t i o n  sequence t o  three 
d i f f e r e n t  te lomers:  24-EMS-90, 92 and 93. The r e s u l t s  a r e  
summarized i n  t h e  t a b l e  shown below: 

93 - .- - Samples 24-EMS # ’ 90 92 

O r i g i n a l  Sample Data 

Mn 709 
W t  % Oxygen 3.96 
W t  % Bromine . 9.00 
02 F u n c t i o n a l i t y  .88 
B r  F u n c t i o n a l i t y  .80 

Dehydrobromina t e d  Product Data 

Y 565 
W! % B r  0.65 
N e u t r a l i z a t i o n  579 

COOH F u n c t i o n a l i t y  .93 
Equiva len t  

B r  F u n c t i o n a l i t y  .03 
Absorpt ion a t  970 c m - 1  Strong 
B e i l s t e i n  T e s t  Negative 

Ozonized and Worked Up Product Data 

Mn 594 
W t  $ Qxygen 9.96 
N e u t r a l i z a t i o n  495 

02 F u n c t i o n a l i t y  1.85 
Equiva len t  

COOH F u n c t i o n a l i t y  1.20 
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484 
5.95 

12.79 
.90 
.68 

367 
1.18 
393 

1.03 
08 

Strong 
Negative 

506 
12.93 
424 

2.04 
1.20 

761 
3.77 
8.16 

.90 

.78 

517 
2.03 
5 92 

.87 

.13 
Strong 
Negative 

5 63 
10.94 
499 

1.92 
1.13 



The molecular  weights shown f o r  t h e  dehydrobrominated 
products  are i n  rough agreement wi th  t h e  expec ted  values re- 
s u l t i n g  from l o s s  of HBr and the  ester end group. The weak 
p o s i t i v e  B e i l s t e i n  and 2% bromine c o n t e n t  i n  t h e  product  from 
93 shows t h a t  t h e  dehydrobromination was incomplete i n  t h i s  
case, and t h a t  a longer  r e a c t i o n  t i m e  may be c a l l e d  fo r .  

The carboxyl  f u n c t i o n a l i t i e s  shown fo r  t h e  f i n a l  
p roducts  are lower than expected and n o t  i n  agreement with t h e  
02 f u n c t i o n a l i t i e s  c a l c u l a t e d  from t h e  oxygen c o n t e n t s .  A t  
p r e s e n t  w e  have no t  e s t a b l i s h e d  which f u n c t i o n a l i t y  is c o r r e c t .  
Both could be correct i f  t h e  f i n a l  work up of t h e  ozonide was 
incomplete.  T h i s  would result i n  non-COOH oxygen i n  t h e  f i n a l  
product  and account  for  t h e  discrepancy between the  two func- 
t i o n a l i t i e s .  T h i s  p o s i t i o n ,  however, is  not  completely reasonable  
i n  view of t h e  f a c t  t h a t  cur ing experiments  u s ing  the  product  
from 24-EMS-93 have given p o s i t i v e  r e s u l t s .  

The diepoxide EP-221 and M A P 0  were used i n  these 
experiments .  In  the  epoxide cu res ,  1W of the  t o t a l  COOH 
e q u i v a l e n t s  were s u p p l i e d  by t r i c a r b a l l y l i c  a c i d .  I r o n  
octoate was a l s o  added a s  an  epoxide cu r ing  ca t a lys t .  I n  
both  the  epoxide and a z i r i d i n e  c u r e s ,  a stoichiometric r a t i o  
of COOH to  c u r i n g  agent  w a s  used. 

Curing was done a t  8OoC for  16 hours .  Soft rubbery 
c u r e s  were ob ta ined  both  w i t h  MAP0 and EP-221. 

I n  t he  coming q u a r t e r  w e  w i l l  concen t r a t e  our 
e f f o r t s  upon t h i s  r o u t e  of e l i m i n a t i o n  fol lowed by ox ida t ion  
i n  o rde r  t o  o b t a i n  larger amounts of m a t e r i a l s  f o r  a more 
s y s t e m a t i c  c u r i n g  s tudy .  The f u n c t i o n a l i t y  ques t ion  w i l l  
a l s o  be examined i n  great d e t a i l  t o  d e t e r m i n e  whether t h e  
f i n a l  s t e p  i n  the react ion sequence is indeed conver t ing  a l l  
of t h e  ozonide t o  COOH end groups. 



VI. PLANS FOR FUTURE WORK 

During the  next  q u a r t e r - t h e  emphasis w i l l  be on 
making l a r g e r  amounts of high f u n c t i o n a l i t y  prepolymer fo r  
use  i n  c u r i n g  s t u d i e s .  The g l a s s  t r a n s i t i o n  temperature  
measurment technique developed r e c e n t l y  w i l l  be used for  
sc reen ing  prepolymer samples. Polymerizat ions w i l l  be 
c a r r i e d  o u t  u s ing  lesser amounts of neohexene i n  t h e  charge ,  
i n  o rde r  to  determine t h e  minimum c o n c e n t r a t i o n  of neohexene 
which can be p r e s e n t  i n  t h e  prepolymer wi thout  ob ta in ing  a 
grease .  

VII. NEW TECHNOIXxiY 

Data are being obtained t o  suppor t  a p a t e n t  a p p l i -  
c a t i o n  covering t h e  u s e  of c e r t a i n  new te lomer iz ing  a g e n t s  
i n  making prepolymers. 
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