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SUMMARY 

We a g r e e  w i t h  C l a u d y  a n d  L@toff~ t h a t  o x i d a t i o n  of  h y d r o c a r b o n s  
c a n  o c c u r  in c l o s e d  DSC p a n s  b e c a u s e  of  e n t r a p p e d  O_. We do no t  

Z f i n d  o x i d a t i o n  in open p a n s  u n d e r  f l o w i n g  N 9 un l ess  d i s s o l v e d  O^ is z 
p r e s e n t  in  the  p o l y m e r .  We r e p o r t  a Tu > T m  Tn t r a n s  p o l y i s o p r e n e  b y  
DSC (open  p a n )  a n d  b y  d y n a m i c  m e c h a n i c a l  l oss .  Our w o r k  s u p p o r t s  
t h e  e x i s t e n c e  of the  Tu t r a n s i t i o n  of  K r U g e r  a n d  c o w o r k e r s .  

DISCUSSION 

E .xo the rm ic  p e a k s  o b s e r v e d  w i t h  c l osed  DSC p a n s  a b o v e  t he  m e l t i n g  
p o i n t s  o f  n - a l k a n e s  a r e  a s c r i b e d  b y  C l a u d y  a n d  L@toff# (1) to 
o x i d a t i o n  a n d  b y  H~hne (2) to a p r e s s u r e  i n d u c e d  o r d e r i n g .  Our  own  
DSC s t u d i e s  (3) on n - a l k a n e s  a n d  s e m i - c r y s t a l l i n e  po l ymers~  c o n d u c t e d  
w i t h  open  DSC p a n s  u n d e r  a s t r e a m  of  02 f r ee  N2, showed  o n l y  
e n d o t h e r m i c  s l o p e  c h a n g e s  o r  s tep  j u m p s  whose t e m p e r a t u r e s  we 
a s s i g n e d  as b e i n g  t he  T u >  Tm t r a n s i t i o n  of  Kr~J~ et  a l .  ( 4~5 ) .  We 
h a v e  o b s e r v e d  e x o t h e r m i c  e f f e c t s  u s i n g  b o t h  open  a n d  c l o s e d  DSC p a n s  
w i t h  a t a c t i c  p o l y s t y r e n e s  w h i c h  c o n t a i n e d  d i s s o l v e d  o r  e n t r a p p e d  
a t m o s p h e r i c  0 2 ( 6 ) .  I t  is k n o w n  t h a t  PS e x p e r i e n c e s  u n c a t a l y z e d  
t h e r m a l  o x i d a t T o n  s t a r t i n g  in  the  Ts163 = 1.2 Tg r e g i o n  a n d  hence  we 
r o u t i n e l y  s t o r e  PS spec imens  u n d e r  v a c u u m ,  w i t h  m i n i m a l  s u b s e q u e n t  
e x p o s u r e  to a i r  ( 6 ) .  

The s h a p e s  of  t he  e x o t h e r m s  in  F i g u r e s  1 a n d  2 of Ref .  (1) a r e  
c o n s i s t e n t  w i t h  an  a c t i v a t e d  o x i d a t i o n  p rocess  w h i c h  a c c e l e r a t e s  
w i t h  t e m p e r a t u r e  a n d  then  r a p i d l y  d e c e l e r a t e s  as  t he  s u p p l y  of  02. is 
e x h a u s t e d .  T h e r e  is a t e n d e n c y  in F i g u r e  2 f o r  the  p e a k  t e m p e r a t u r e  
to  be  h i g h e r  the  s m a l l e r  t he  s a m p l e  w e i g h t .  In t h i s  case (1)~ as w i t h  
o u r s  f o r  d i s s o l v e d  0 2 in  PS (6 ) ,  t he  r a t i o  of  h y d r o c a r b o n  s a m p l e  
w e i g h t  to a v a i l a b l e  o x y g e n  t e n d s  t o w a r d  i n f i n i t y .  

Hohne (2) h a s  s u g g e s t e d  t h a t  o u r  e n d o t h e r m i c  e f f ec t s  r e p o r t e d  
on n - a l k a n e s  u s i n g  open DSC p a n s  (3) we re  a r e s u l t  o f  e v a p o r a t i o n  of 
t he  n - a l k a n e s .  We h a d  c o n s i d e r e d  a n d  r e j e c t e d  t h i s  p o s s i b i l i t y  p r i o r  
to p u b l i c a t i o n  on s e v e r a l  g r o u n d s :  1) t he  t e n d e n c y  f o r  T u / T m  ( K / K )  
to be c l ose  to 1 .2 ;  2) b o i l i n g  p o i n t s ,  Tb ,  f o r  n - a l k a n e s  s t a r t  ou t  
w i t h  T b / T m N 2  a n d  i n c r e a s e  w i t h o u t  l i m i t ;  3) m i x e d  a l k a n e s  w i t h  
10-20% w / w  of l o w e r  b o i l i n g  a l k a n e s  g a v e  the  same Tu as d i d  the  
h i g h e r  b o i l i n g  m a j o r  c o n s t i t u e n t ,  u s i n g  open p a n s ;  4) e x p e r i m e n t  w i t h  
c l o s e d  p a n s  g a v e  t he  same Tu as  w i t h  open p a n s .  We d i d  not  o b s e r v e  
e i t h e r  of  t he  e x o t h e r m s  r e p o r t e d  in (1) a n d  ( 2 ) .  

A more  r i g o r o u s  tes t  f o r  a r t i f a c t s  is p o s s i b l e  when two d i f f e r e n t  
m e t h o d s  g i v e  the  same Tu .  We r e p o r t e d  (3) f o r  a p o l y w a x  2000 



(nr-142)_1a Tu = 489K a t  a h e a t i n g  r a t e  of  10 K m i n .  -1 ,  444 K a t  U.5 
K m i n .  K r u g e r  et  a l .  (5) s u b s e q u e n t l y  m e a s u r e d  a PE of  ~ n  = 2200 
b y  B r i l l o u i n  s c a t t e r i n g  w i t h  Tu = 436 K. Such a g r e e m e n t  c o u l d  h a r d l y  
be a c o i n c i d e n c e .  I f  each  we re  t he  r e s u l t  of  an  a r t i f a c t ,  t he  a r t i f a c t s  
h a d  to be  q u i t e  d i f f e r e n t .  

More  r e c e n t l y  we h a v e  f o u n d  t h a t  g u t t a  p e r c h a  ( t r a n s  
p o l y i s o p r e n e )  e x h i b i t s  an  u n u s u a l l y  s t r o n g  Tu b y  DSC a t  416 K, 
g i v i n g  a T u / T m  of 1 .25 .  We then  e x a m i n e d  t h i s  same spec imen  w i t h  
t h e  DuPont  D y n a m i c  M e c h a n i c a l  A n a l y z e r ,  981, a t  a f r e q u e n c y  of  14 
Hz. T h i s  tes t  r e v e a l e d  a s t r o n g  Tu on h e a t i n g  a n d  a g a i n  on c o o l i n g ,  
u s i n g  a s p e c i a l  s a m p l e  s u p p o r t  t e c h n i q u e  d e v e l o p e d  b y  K e i n a t h  a n d  
B o y e r  ( ? ) .  F i g u r e  1 c o m b i n e s  DSC a n d  DMA t r a c e s  on g u t t a  p e r c h a .  
The l a t t e r  shows  a s t r o n g  p r e m e l t i n g  ( T c t )  a n d  w e a k  Tm, f o l l o w e d  b y  
Tu,  a l l  a t  a h e a t i n g  r a t e  of .5 K mirT l c  . Tg was  a l s o  o b s e r v e d  a t  
-38~ (235K) ,  b u t  is  no t  s h o w n  h e r e .  T u / T m  is a g a i n  1 .25 .  Tu f o r  t h i s  
p o l y m e r  is so i n t e n s e  t h a t  s e n s i t i v i t y  d i d  no t  h a v e  to be i n c r e a s e d  
a b o v e  Tm as  was  o u r  p r a c t i c e  in Ref .  ( 3 ) .  

Our  v e r y  f i r s t  e v i d e n c e  of  Tu b y  DSC was  w i t h  a spec imen  of  
p o l y  ( 4 - m e t h y l  p e n t e n e - 1 )  s u p p l i e d  to us b y  K r U g e r  who  h a d  r e p o r t e d  
f o r  i t  a Tu of 589 K b y  B r i l l o u i n  s c a t t e r i n g  ( 4 ) .  Recent  
r e - d e t e r m i n a t i o n s  w i t h  open DSC p a n s  g i v e  Tu = 568, Tm = 502 f o r  a 
r a t i o  of  1 .13.  T h i s  Tu is b e y o n d  t he  u p p e r  w o r k i n g  r a n g e  of  o u r  DMA 
u n i t .  

Our  h i g h  s e n s i t i v i t y  DSC s t u d i e s  s u p p o r t  t he  B r i l l o u i n  s c a t t e r i n g  
r e s u l t s  of  Kr [~ger  et a l .  ( 4 , 5 )  a n d  t he  k i n e m a t i c  v i s c o s i t y  r e s u l t s  of  
P i e t r a l l a  a n d  Kr~J'ger ( 8 ) .  We now a d d  d y n a m i c  m e c h a n i c a l  a n a l y s i s  
w h i c h  t h u s  f a r  h a s  been s u c c e s s f u l l y  e m p l o y e d  o n l y  on t r a n s  P I .  
O t h e r  p o l y m e r s  such  as  the  p o l y e t h y l e n e o x i d e s  a n d  e s p e c i a l l y  t h e  
n - a l k a n e s ,  h a v e  p r o v e n  to be  too f l u i d  in t he  me l t  f o r  o u r  t e c h n i q u e  
(7). 
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ADDED NOTE 
We decided to duplicate the experiments of Ref. (I) with 

h e r m e t i c a l l y  ~ e a l e d  . p a n s  u s i n g  C_^,ju C^~j~a a n d  C40 , a t  1 a h~at ing_ r a t e  
of  10 K r a i n - - ,  a h i g h  s e n s i t i v i t y  s e t t i n g  of  0.1 mJ s cm . A l l  
t h r e e  showed  d e f i n i t e  e x o t h e r m s  w i t h  t he  C a n d  C40 b e i n g  u n u s u a l l y  
s t r o n g .  A t  t he  same t i m e ,  we r e a l i z e d  tha3t 0 the  t e m p e r a t u r e  a t  w h i c h  
o x i d a t i o n  commences is v e r y  c l ose  to o u r  Tu v a l u e s .  See T a b l e  I .  We 
s u g g e s t  t e n t a t i v e l y  t h a t  smec t i c  s t r u c t u r e  w h i c h  Kr {Jger  p o s t u l a t e s  to 
be  p r e s e n t  a t  T u ~ T  m i n h i b i t s  o x i d a t i o n  so t h a t  t h e  o x i d a t i o n  
r e a c t i o n  commences  o n l y  n e a r  Tuo To check  t h i s  p o i n t ,  C . ^  w a s  h e a t e d  
in  an  open  pan  to a b o v e  Tu in  o r d e r  to d e s t r o y  s t ruc tOure.  I t  was  
t hen  c o o l e d  to b e l o w  Tm a n d  r e h e a t e d  in  a s e a l e d  p a n .  T h i s  t ime ,  
o x i d a t i o n  b e g a n  a t  a l o w e r  t e m p e r a t u r e .  We h a d  n o t e d  p r e v i o u s l y  (3) 
t h a t  Tu c o u l d  no t  be o b s e r v e d  on a second  h e a t i n g  of  n - a l k a n e s .  We 
s u b s e q u e n t l y  d e r n o n s t r a t e d  ( i n  as  ye t  u n p u b l i s h e d  e x p e r i m e n t s )  t h a t  a 
p r o l o n g e d  w a i t i n g  p e r i o d  of  d a y s  to w e e k s  a t  20~ c o u l d  r e s t o r e  T u .  
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F i g u r e  1. Top :  DSC 0.1 mJ s cm t r a c e  on g u t t a  p e r c h a .  S e n s i t i v i t y  
was  not  i n c r e a s e d  above  Tm as p r a c t i c e d  in Ref.  ( 3 ) .  Bot tom:  
Dynan] ic  m e c h a n i c a l  loss in m i l l i v o l t s  a t  f = 14 Hz, h e a t i n g  r a t e  5 K 
m~n. . A s i m i l a r  c u r v e  was found  on c o o l i n g  (7 ) .  

T a b l e  I .  DSC Resu l t s  on L i n e a r  A l k a n e s  

Exotherm b) S t a r t  0~iExotherm(K) c~ K)d) 
Spec imen a)  Peak T e m p . ( K )  1st Heat ' 2nd Heat ' Tu ( 

C30 448 429 420 434 

C 36 460 436 e ) 435 

C40 460 440 423 4 5 3  

a)  Sample  w e i g h t s  r a n g e d  f rom 1-3 mg .  
b )  H e r m e t i c a l l y  s e a l e d  p a n s .  
c)  Open p a n  f o r  f i r s t  h e a t i n g ,  coo led  to room temp.~ h e r m e t i c a l l y  

sealed, then second heating. 
d)  Open p a n ,  f i r s t  h e a t i n g ,  s a m p l e  w e i g h t s  r a n g e d  f rom 10-15 m g  I 

f r om Ref. (3). 
e) Sample not tested, 

An early DSC run on PEO in 1981 revealed an exothermic peak 
when irun in a h~rmeti~ally sealed pan (MW = 5,000, I/+.08 mg, 10 K 
min.- , 0.1 mJ s- cm- j. The strong exotherm started at 395 K, and 
peaked at 425 K. Tu for this specimen (open pan) has been reported 
at 405 K (3). Figure 2 shows a more recent DSC trace of the same 
material (hermetically sealed) illustrating the strong exothermic peak 
starting around 405 K and peaking around 420 K. Cooling a specimen 



to  295 K a n d  r e h e a t i n g  s h o w s  o n l y  an  e n d o t h e r m i c  s l o p e  c h a n g e  ( T u )  
a t  a r o u n d  425 K.  

A f e w  pr,'el im i  na r , y  DSC r u n s  on P o l y  ( 4 - m e t h y l  p e n t e n e - 1  ) in  
h e r m e t i c a l l y  s e a l e d  p a n s  a l s o  s h o w  e x o t h e r ' m i c  p e a k s ~  s t a r t i n g  a r o u n d  
5?0 K a n d  p e a k i n g  a t  a r o u n d  585 K.  T h e  top  t h e r m o g r a m  in  F i g u r e  3 
s h o w s  s u c h  a p e a k  f o r  a f i r s t  h e a t i n g  DSC r u n .  I t  i s  d i f f i c u l t  to  
a v o i d  t h e  c o n c l u s i o n  t h a t  some c o n n e c t i o n  e x i s t s  b e t w e e n  t he  
e x o t h e r m i c  p e a k s  o b s e r v e d  w h e n  u s i n g  s e a l e d  p a n s  a n d  t h e  T u ' s  
o b s e r v e d  w i t h  o p e n  p a n s .  
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423  K 
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3 5 0  T, K 400  450  
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F i g u r e  2.  ~ F i r s t  ( t o p )  a n d  s e c o n d  ( b o t t o m )  hea t_ i~g  r u n s  or~ 
P o l ~ ( e t h y l e n e  o x i d e ) ,  MW = 5 , 0 0 0 ,  12 .88  rag,  10 K r a i n .  , 0 .1  mJ s 
cm , h e r m e t i c a l l y  s e a l e d  p a n .  

EXO I 

r I Tm 501 K 

50q 550 T. K 600 
I I  I " -  ] 

F!gu_r~ 3.  F i r s t  he  a } i n g  D1.s t r a c e s  o f  P o l y ( 4 - m e t h y l  p e n t e n e - 1 ) ,  10 K 
m~n.  , 0 .1  mJ s cm , t o p - 2 . 1 8  rag, hermetically s e a l e d  p a n ,  
b o t t o m - 6 . 7 0  mg~ o p e n  s a m p l e  p a n .  
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