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TUE F.FFE CTIV 1.  NUCLEAN T DURING THE GRAIN

~ODIF1CATION OF TNT WITH 1IN~

1. INTRODUCTI (’N

2,4,6—trinitro toluene (TN’~ ) has  physical and chemical properties which
make i t  part icularlv suitable I or t h i  produc t ion of cast explosive formula-
tions. (asts from , TNT may, h o we v er , disp lay undesirable characteristics of
exudation , irre ’v rrsthl& ’ dimension a l changes (1) and cracking in response to
thermal stress. (‘racks in the h i g h  exp losive filling of a shell increase

he l i k e l i h o o d  ‘1 m i t  tat ton and premat ure exp losion under t h e  extremely
h i g h  f o r c e s  encountered durin g gun firing.

2 , 2 ’ .4,4’ ,l ,(’’—he xanitro’- .tilheut’ ( t i N S )  has hee’i shown (2 ,3) to he an
eft ,’et lvi’ additi v e for tI;t ’ grain modification of TNT. Prevent ion of the
growth 01 large , c o l u m n ar  gr~ains of TNT w i t h  preferred orientation increases
rests ’.ince t o  crack l’rs ’i’ag.It ion and producer ;  an isotropic TNT cast. in order
to use l ISP as an ci ~ee t  lye g r a i n  mod if icr f o r  TNT , a cycle—cast method must
he employed H). A smal l  concentration of tINS i s  heated in TNT to 100°C and
the si ’ 1 ut I on i r s .  ‘s( I rrt’d .irid then s~’ l id i t  led . This mixture is then reme l ted
with the const  r a i n t  that t he m elt emperat tire shou ld  not exceed 85° C.  Cool-
ing (tils .ig.’a in  to s ,’l id i f ic ,it ion p r o d u c e s a c  ;ist consist ing of very fine
randc~~lv oriented gra ins.

~e have previ oui- .lv described (3) the nucleation and solidification of
TNT t v th e additi on of tINS . There it was proposed that the effective
nucleant was not the originall y added HNS , hut an associated comp lex of HNS
and TNT which was deposited d u r i n g  t h e  s o l i d i f i c a t I o n  of a supersaturated
s o l t i t  ion of FINS in TNT. From a l~ w/w solution of FINS in TNT and a two —
stage therma l cycle . the nucleating material precipitates as a fine white
so l i d  which persists In TNT which is held li quid just above the melting
po int. At this low concentration the character and properties of the
nucleant are difficult to stud y. This report describes methods by which it
was attempted to isolate the nucleant in order that it could be characterised ,
and examines further this nucleation and growth phenomenon .
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2. 1- . X t 1 . l’ I M I  hL~’sL

Exp er iment . i  1 w o r k  w ar .  u n d e r t  .i~~t ’ ar  t o  eXt a as. t t h e  nuc leat ing material
from the bulk I N’l . N u c  l e a t i t  war .  p r  r p . t r c d  f - v  .a h u i m a i c y c l e  of 1% tINS in
TNT and a number o 1 curie hn’e nt  t ec hu  I ~t ie  w e !  e t eli U xp lored . The product
was analysed lv d i l l  erent is.i 1 ~ a n t i  i n~ c a l  ci imt~t r (DSL ) and hot— st age micro—
s e op v  . FINs and 5 ci  c ommcrc Ia 1 pu r  i t  ‘.- and i n  a higla l v purified state were
bo th last ’s.!; none of the experimental results wel~e eat ti ’eted h~ purity, except
th a t t h e  I ) SC peaks were s h a r p e r  t h e  F i i ~~i , ’ r  t i n ’  p ur  i t v .

2.1 ~1 att r i a 1 s

~or.me re hal ga .ISIs ’ i SI  was  .av ..  i i  i l - i  l os .. l i v  w i t  ta .. p u r  i i  v of 99. 7Z .
i f i t’ t’ s.ir i i r ’e !s’ t a l  m a t e H . s 1  w a ,  

~~ i I i t  led lv  t L .  i~. - t li5 -.d ~ t i t’’.’ , l ) a l h e v  and Van
Dolah (5) t o  ~~j V t ’ ~t m a t t ~i ’ i , . 1 w i t h  ., flht ’lt 1iI ~ 1 ’t ’i ll t ol ~0.7’(

’. t a r ,  chromato
gr . ip i:v . i i s .~ t h a t  t i c  ~ s s !  I t ’ .  I hi’ rn a t s . ’ r 1 . 1  ‘~~ ..

- 
~~r s ’ .ttt’t t han  u u ~~ l 5 ’ Y

Co~~~er . ’ i . t l  orads - PS’- - w as 1 a . ’ j ’ .a r , ’d 1 ’ .  Lx1 l - - . i vt ~~ F a c t ~ srv Maribyrnong
a s c s ’r , :  i ng  t o  t i e i ’ , ’ t h o d ~‘t S t i i p p  .,u. t  L I ~ ho.  U s ) .  h a m  l i v e r  chroma t ograp hy
(TIC ) showed t h a t  I i a  m a t s - I  1 . 1  s. .~ t - i n s t I l l . t 5 ~ t .‘ ,.‘ ‘  .4 , 3 ’ .6 .6 ’ —
h e x a n i t r o i ’ h t ’n. ’’.- l ( I I S H  . a t v - p r  s s l n s  t t o t :  .. , I  s.iur lu g  t h e  r i ’ . i s .  t ion . Cou~ crcial
PNS was pun t led ~‘v t h i s ’ ‘,s ’ x h i I ,  t ex t  t .*s I t on  ri,’I ‘ I  of  V i  O~ ( 7 )  and by

re,’ rv ,-;tall j’.at t o r i I t ori , n i t  l s ’~ , i ; , .  i s , - . T!(’ r-.h,’wi’d I a t  s.i n l v  t r , i ,  e quantities
c i  HNB (‘(~.1’.) r r m ~~!r ~& ’ . I .  1L p s i  I I  p d  P S : -  rr,, ’ h t , - ,: a t  ilt’ °(’ .

Sn, ~~~~~~~~~~~~ i t , ’ . w - i ,  ;‘ra~~~.ir, - .i ..i. t u l I ’ w , .  500 o of l~ of FI NS in
Si w a s  he.t(  . d  a n  .a ‘.1 a in i N s— st  e I k ,  t 1~ ’ r . - I I ”  I. • s t  i i  It - sI for 1 hour  (for

c o m p l e t e  tINS d isss ’ l , I I o n )  • I i t i  i ’d o r s ’i~s - ’. i -  , xl t.int s ’ur  r a t  ter and then
Os. ’ I ~~t I or so 1 Id  i t  i s .  at  I on • o ii ‘, u I t ’  ( f i a t  t i - i  I 15  i , nt nuc leant (4 ) was

present p r i or t o  en r I , , : :t  , ‘ ri.. I I ‘. ar l  I t ’ s w .-i , t a en ! r ori’ t h e  b u l k  and
exam in ( - d  P ’. hs ’ t — s t a ~~t ’ r i i ,  r ‘~~ . p ’ . . I I  i ! .  n i .  h a t  i o n  t e m p e ra t u r e  was within
3° C of t ta~ ri elt i c .’ ; ’ a ’ tnt iii ! i i i .  4 . u h ’ ’ . t - s p a . - r l t  ~ r ‘wi  P was I ine—grained and had
r a r l s t s . ’r r  or lent at  ion • I h. pr’ s ,.,. ii , e ol  t in’ nuc  I ,  a n t  wa r, s o f t  i t  r i n d

2 . 2  F, i~r i c h n e n t  s. ’t  Naic l e an t

it r ichm e~n t of I he tl Is  if I I i’ ‘ ‘r’ t l s 4 ~ flue I ‘- -t n t  - , 1 ~ ;‘~ rr i x  liii was achieved
by d i c s s ’ l s a t  I on  of H. in s s a i I i ~ i t ’  ‘.s ’ i v s n t  s and i — v  r - o I t u r l  151 f i l t r a t i o n .
A c e t o n e  was P s - s e n  I t  j r : i t  i . * l  e n r i c h m e n t  - ‘ i l .  ‘ - l - e s au ,. & ’ I t  r e a d i l y dis-
solved TN ~ ( 109 g ! 1( c  g a t  20 ” E and ‘- ~ ~: 100 g it c l ) and t h e r e f o r e
f a c i l i t a t e d  r a p i d  cur  is . ’ l s r i t ’n t  P i l o t s - ! , i i’- was c h s ’ . i ’n as .i r ’I l dt ’ r en r i chmen t
med i um . ~L ’ I t  en TNT f l i t  r a t  i i i  w ., s i s  ~.. . I ‘ ~ c o i l  us. t t l i e  r u n  l e a n t  in  quan t  I t  y
f o r  e x p e r i m e n t a l  c a s t i n g .

r a t  n a.- ? 
~~~~~~~~~~~ t

50 g of a g r o u n d  and ~~i ev& ’d  ( 2 1 2  , m )  n i x I  a l e  w a s  ss’xfslt ’ted w i t h  acetone
f o r  1 hour  . The pr ‘di t in  t h e  t P i n t ’ l  e w a s  di ied  and t h e n  analysed

SO g of a ground and s ieved  r r i x t u r e  ( 2 1 2  cm) war . s t i r r e d  r a p i d l y  in
100 m l ace tone  t s r  2 m i n u t e ’. at  20 ° ( ’ . The a i n d i s s s . ’ l v e d  p r o d u c t  was f i l t e r e d ,
dries.!  and t h e n  a n a ly s e d .
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I fat ’  nus.’ l e an t  / tN1 nrix t ta r e’ w a s  r e i a t ’a t  ed in  t h e  ~. t a 1nle~ss— st  eel ket t It’
and the melt temperature recorded and contr olled so ( he at at  no t ime during
t h e  remelt per iod did t ist ’ t e m p e r a t u r e  t’ x c t ’i ’d 85° & , t a i l  l o w i n g  t h e  example of
ret t’renee (3). When all t i e  TNT w a s  m o l t  t n  t lie ml xt nrc was poured through
a heated , powder-tunnel del l v .. r v - ’t u t ’c  sy s t em  In  t h e  l o t  — t ’ ’x apparatus
i l l  la st  r a t e d  in F igu r t ’  1 . and I lit ..‘red . I he  rr~ t i i :  c s. ’r -p t ’ncn t  s of t h e  modif led
l. i t ’ s ’ r , , t s .’ r v — i  l i t  r a t  ion . a p ; , a r , a f l s s  w , - r , -  .n, I s i  l ow-s. H ,~ - s - it ‘. s o l r c c  w as  an IX
l a mp  s’~’a i t ro11ed l v  .a j’is’p s.’rt 15 -n,a l le t: ; ..’ r , . t t a t t ’  -

‘ ,~ : -  r s . ’ l I e  r .  . - r p e ’ rat u rt ’  was
cit ’asur ..’s.i by a d i g i t . i l n . e  rfl. r: s I , ’r .aris.! u n i t  s ’ r r . I t v  w a s  , a r . s i s t t — d  l v  na  a i r —
s . ir iv en  p a d d l e  s t i i  r e t .  ha ’ I i l t e r  I t i r r r i . . ’ I w a ’~ s t  t P .  h i r s . , h t y p e -  l ’t a aust’ of
t h e  r’ t~l at  t v e  l v  sr.j l I ; i s . a r t t  I I  v u I  ss.’l i l  a f l  e s ’:: , i t  tii, ’Il ( 5 ’  t i n ’  v o l u m e  of m o l t e n
I Ni t o  t ’e’ I l i t  ~‘t e d  . l i s t ’  1 1 1~ r ; - , i

~~
- s .  i was s ’s. n t  s - I  i s .  ‘. 1 in  1 s’~n’ w- h i s .  I t  had good

therma l r e s i s t a n c e ’  . tns . i  w as  , - r - ; - . a t  t i l ~ w i t h  r ’ o l t e n  T h i  . ,\ r u i l a s t  I c  cover f o r
t~~e funne l in s .  r e’a r ,tt d t t i e  I l i t  r .. t I s ’ r a  r .a t  u .ind st  ‘Pi’~’ 1  sp i.. sh l u g .  The sol id
produc t c o l l e c t ed r , ’r’ e l I  I s  s u e s . e’s : . iv , -  l l t r . i t  ion w & ’ i g ! es.t between s — l i  g.
‘rhe m o l t en  5’l f i l t r a t e ’ w’a’s t ’i . , ’n  l’ s ’ il rt ’s.i t i , ’r t l , .~ I i j t r , a t  t o r i  f l a s k  i n t o  the
s t a i n l e s s — s t e -t i h t t l . . .  A S , S i a r - l n s ~ ( I s a !  t~~ - t  t er i g a r r a l 5 ~ of lISP i i i i d  a l l  been
c o n v e r te d  ~ o ntis.’ leant ,‘anei I I I t , ’ r  e d  c r 1  • ‘t h a r t  ( e r  S g e l  FI N S w o u l d  need to
be added I s . ’  rept’.i t t i  ~ ‘ c v . ,’ I c  . I :s . ’w ’ t ’V t’r , i t  w.is I ou r t e !  t sa t  t h i s  would  not
51 15501 Vt’ s. ’ti~~ I U t  L’ 1 V i n  t s. l i t  r i t  u .41  1 t’ T’ ‘ . t i t  r I a l t ’ r e~~~ ’ hour at  1 35 ° C .
. l , .’ . & r l ’ .- , r.s ’m..’ 1:5 : had r e m a a r s . -s i  in  s H - i r  b i t  s . I u r l n g  I t ’  I t I t r a t i o n ; i t  was
t o u n d  that ab o u t  I g of PS:-  h ad ~‘,as ’.,’,( t i , t  o r i ~ ’h in ( h i  ‘— wa’. , so only 4 g of a
FINS w a s  a d d e d  t o t  ‘ t t a e c , . ’,~s. t v t  c v ,  I , - ’ . . F ’ s ’r r e t .  vt’ i e - s  s t  l i s t ’  500 g h a t c h  of

• .~ l g I l i S p  w a r ,  , I . ( s I e , i  . a r i d  a ;  - r s . ’ x i a a t e  l v  j( I~ i g e’ ! I i: , .- nuc l t ’a n t / T N T
p r s .’s . i u . t w i .  o t t  i l  n.H . t s . . ~ i a s . :  t i i ’. r a t  i it t h ,  a t — (  s ’x w a s  a l 1 o~~cd t s .
‘; t a P i l l s i ’ i t  85~ ( ’ or  .‘ h o u r s .

3 s. ’eh  c’: ‘ - i’ ~~ ‘ .~~ - r .

30 g ot  a g r s ’ t i r r , i  and ‘s.~~ 
‘ . • - .: n i x : u i - e . 2 1 . ’ , I w ar .  s I  i r r e d  r a p i d l y  in

20 (~ r ’l  i C b , i ’  r - I o r ”  it 20 ° 1, : e ’ l : i e - r 1~ .‘ . 
‘s , ~O ‘r ha rriinu r, t - s .  For each

wasi, t : n ’  und l’. ’. i ’ .’ e s . :  ;- r ’duc t -
~ - I t .  i- s. ,i 

• dr I i - . . ,  ;ind t I e -n  analysed .

1~~~3 A n a 1~~~ is  s.
~~ ~ r i r i H . ’ l ~~~~~~ I . . . 1 a t  ‘St  and h I  -- s t ajjc’ ~iicr oscopy

: in’ rm~a l  T n e , i s a a r , ’ i - a - r : t  w s . - r , ’  r e d ’ ’  using .a i ’ r ~ I n  E lr’a - r  D S C — l t ~ differential
sca n n i n g  c a l s . ’r  I r r i ’ f , - r  h ) . ha -  lI SP ;‘r s . ’ v i s (  , ‘ s a ’ - s t ’n s t t  iv t ’  measure  of the
t e n p e ra t  t a r e  and en ? i . e  l pv  of ‘i r a n s i t  ion 0’ ii  a~ ten. t h a t  in g  and cool ing
r a t e s  w e - i’ . v a r  l e d  t r t”- ~ ‘ ‘ i’ i n t o  h . ,  ~ ( ,‘m t r ’  . i i i  n at  t’ ‘- e n s  i t  lv i  t v was varied
d ep e nd ing  o n . - x ’,’ s. ’, 1— ’ :1  e l , ‘rid i t i on s  tuas h .is ’ . ,, r’’1’le ’ 5 1 c c  and heat  ing r a t e .

Sarr p I , ‘s s’.’ ti ’ h o , t l  ed t r , ’r’ 2( ’~ C t i . r a i r a g h t  t he’ rn’ I t  In g  p o i n t  of pure FIN S
(3 1~’~- °C ) . h e’  s in e ’ss  ot  .‘su ii enr ichr t i c n (  t e e  t n t  q i a . ’  c o u l d he r i p  Id l y assessed
I’ ’. m o n i t o r i n g  t h e  ,jr ’ i ’ r l f l t  of IVi  wh i c h  was . l e f t  I n  t he  e nr i c h e d  sample.

‘
~ I c  r oscc ’pe  ob’e . . ’rvnt I on s  w e r e  made u s i ng  a s t a n dar d  I e i t ~~ ‘Or tho lux ’

m l c r o s c i ’pe w i  t F :  an at  I ‘echo, ! ~
‘ . r t Ie r t”P2 h o t  — st  a ge .  Samples were heated and

CoOled  a t  2 ’( / r i l n .

3
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2 . 4  ( ‘.1st 
~i-~a .,its.i c’ s. h a i l s .  a 1 l e s t  1 ss ~

1 Z c i  t f i t ’ enr  i c he’d nus.’ leant ~‘s.as . a d s . l t ’  d t a ’ molt e’n 1 ~‘l . i t  ~ S ‘ P , s I  11 red
for 5 m i n u t e ’s and ca st i n t e i .1 t~ 1 mm d l a m e ,’t e ’a m o u l d .  For c o mp a r i s o n , a e a s t
ci I N I  wa s  p r e p a r e d .  l~’ s . t h  cast s w e t  e ’ S e t  ioned l on g i t u d  ln a l l v  . t i ne’  ha lf
s.’ i e’aa ’la was p c i  I shed & 8 )  I or v i  saa . i l e x am in a t  Ion . l’tae o the r  ! i . i l I  w a s
r t c i  tht,d i n t o  c v i  ind e r s t o t  m e c han i c a l  test ing. An Inst ron L ’ i i lv e r s a l  1..’ s t I n g
mach tnt’ w- .ls used  t o  mt ’asur  t’ t h ’  compr e ss I V t ’  and t ‘ri p. l i t ’ st r e ’n g t  h of bot h
s. ’ s ls t ~. a! 2~~’ ’

I . HI’~~ i. ’lh- AS~~. I I ~~Ct  ~‘1 ~~~~

3 . 1 Lxt  a - I t . , a s  o f  Sit s. i i ’  a i - s t

l i e  ,te ..‘ t on e ’ s a x  l i l t ’  t t X  1 r a s, 1 ion it t’ t lse ’s.1 f a i l  e d  t o  ext rar t t n t -  nu t s ’ I can t
f rom t i i e ~ s i u s .  i c - a l i t  - I N I  mi xt ia rt ’ . When Lii. . ’  s o l i d  r ’ s i d u c  I tom t h i s  e x t r a s .  t Ion
w-j~ t’~~au’, t n e ’s.i l v  ‘:~e , ( I t ’  11 51. r a r v e ’  ot I N : -  was o b t a i n e d .  F i g u r e  2 ( a )  sh ow’s
l i st ’ t h e t is:,, I -e~:, a ’.’ j o i s t  s i  P 5 5 ;  an e ’i i d s ’t h s e r r : t c  I t a s i o r .  peak beginning at  3l~~” t
w h I c h  is s . ’v e U a k e’t i  l v  t h c  e’ X s . ’t  f e r m i . ,’ t l a c r n w i l u l e c o mp o s i t  i on .  F i g u r e  2 ( h )
show s t h e  t ( e ’ t r : a l  t - t ’ ( . a v  l u n a r  ot  1ST w i t h  a f u s i o n  p e a k  u s a  c u r r i n g  at  ~0 .7~ ( ’
.1n51 s.I t ’ s ’ s . ’ m p s .’s i t  io n  at  .‘~‘~~

‘u • The r e s i d u e ’  I t o m  s o x f : i et  ext t a c t  Ion a I s a - tailed
I t t ’ t e s t  i s . !  t s t ’ ; ‘ t  se as .  t i - I  t h e  h l g h l ’. a c t i v e ’  m a c l e a n t ;  m o l t e n  151 on a
m l . ,- r s ’sccpe s l i de  u s i d e  t s . s s 1 , . , t  l v  . ibs ’ta t ~‘

‘ C, b e t  . , ‘r e  mac l e a t  i ’, ’t t  occurred at o n ly
,i tow s i t  s. - . C,.).

( ‘o ld  a. e l  c u e ’  w a s P  h g  ‘. i is.  s . e ’ e - s . I , - s.! as  an s. ’xt ract ion m t ’th c ed . Ilea t 1mg the
e X t r a s .  ! ton i s  S I d a , ’ c.I ’.’ e ’ .1 s i t  y e ’ w i t l s .  .an a d d i t  t ots , a l , h r 1 ’ i , l • e n d o t l i . - r m l c
‘p’e’a ’P a t  1 0 7 — 1 . 1 ° C. i F  i c s . i e -  2 ( c ) ) .  i l l s  re sidue a c t e d  as a h i g h l y  active
i- n a t ’ c~~~

, f t  . ‘
~~s.~ 1r  en ~

- ‘. l i t  r a t I s.’n a I s s ’ p r  .. - ‘.s. - i - v s .- , ’, .- ,nd c u r  i s  l i e - s! (lie
r uns .  I t a n I

1. 2 ( St  e s. t e n  — a l ien ;  . ‘ I  N t i s .  1 u - a S S  I

, \:: & ‘ ::s. i s ’ t h , ’ t r -  I c  p t s - i eN s  o c c u r r i n g  a t  a t e m p e r a t u r e  b e t w e e n  t I e  m e l t i n g
p o i n t s  ot  a h i n t :  -

‘ sy s !, - r’ m a y  i - s . -  I t ; l s . ’r ; ’r e - t t ’ s.! In a numb er of w a y s ;  t h e  f i ~s I s ’ r
or d issc’c lat i - is o: a mol ,‘ c u a l ar  a s.’rp I cx • t h e’ f u s i o n  or t ran sf c s i m a t  ion ‘ 1  a

or i - h e ’ f u s i o n  t I  a sol i d — s o l i a t  ion c o u l d  a l l  accoun t  f a r  t ie ’
o~ s e r v e d  s . ’ i l a t e ’t h t ’ t l :  I . .  p i ’ .~ . l i s t ’  I s . ’ i  l o w I n g  I) St , ai ial  m i c r o s c o p e  s t u d i e s  p r o v i d e
.1 5(1 s. ’:a ~ l n s.h Ie ’ .at io n t is . i t t i t -  nuc l e ’ant . I s  a 5 / h i N S  c om p l e x .

Hot  s t . i g t ’ m i s  a s . - ’- o p .  was .  used  t o  ex a m I n e ’  t he’ n a t t ’ I e a n t  t i - i t  i e , hed l v
. e s . e ’ t  ‘it. ’ w- , i s l - , l u g .  ‘~I . , ’n a sample a ’ t  the neic leant is heated at .‘° C / m l n  t o ~2 “ I

( F i g s r e  I), molt e n drop l et: . arc o b s e r v e d ; cle’ arlv , t h i s  I s  5i i n  t h . -  sample’
mel t ing  , t h a t ’  I I t  s t t ’ndothcrm i n  t h e  I iS (  c u r v e  of F i g u r e  2 ( ’  ) . Fur t Iter
ro l l , ’; ’, m a r .  r I a l  ,c~ ’ p ’ . i r c  at  ab ou t  I l e s h  ; t h i s  correspond s s Iu’ ” . e - l v  w i t h  t i e ’
I’ e’g i t i I , u t s . ~ ~ t t h e  second en do the rna  of Figure 2 (c). The production of molten
r a a t t ’r i a l  a ’ i i l  i t i w ’ s  w i t h  f u r t h e r  heat  ing  u n t i l  at about l2~h’~ (Figure 4) a
l a r g e  p a r t  ‘1 t i e  ~ .arr p 1t’  i s  tra ’ l t c n .  T h i s  s t a g e  c o r r e sp e ’ i a t h is. t o  the broad
endot  ~-a ’r m  and - ! e ’r e ’ s t r a t e s  t h e  r e l e - .- c r-a e of a l i qu id produc t — considered to
he  T~~’T . e l ’ s , ’ r v . c t  I o n  through crosse d—po lar s (Figure 5) makes it clear t h a t
a di sper sed ~ ‘i Id remain s in t h e ’  m o l t e n  m e d i um . F u r t h e r  heat 1mg a aio.e s no
not I c cab It ’ change in the ‘s o l i d  c a n t  i i  vapor i ~ a t  i t ’ i i  and d e c o mp o s i t i o n  cause
ohs a a r a t  ion of the r ic r o s e  a sp . ’  f i e l d  . This d I spi t’ ced s o l i d  I s  t I N S

4
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PsI e’xp cr iment s we a e a t  r it ’d out  t o  e ’x am h i t ’ t he’ r e v..’ r s i b i l  i t  v c i  the
e ’nds.a t  h e ’a ’m i s .  p r o s .  c ’ s ,aa i d  I ca s. ciii I r a : .  t h a t  ( l i e  11 a ;u id p r u d i a c  t re’ 1 t ’ascd elur Ing
the  p r o c e s s  w a s  I N i  • Figure ’  6 ( a )  sl~s. ’ws t i e ’ PS t a r ’ a ’e’ C i t  t I s . -  o ur  I - lied
tine I t a u t  ~ ! e t a - t I t s  h i e ’ .a t I ug st an w a s  I i t t  e r  t i 1 ’ !  eel .i 1 .a t e’mpe’ r a t  ure ’ ., l~s ave  th e
h ’ t o . , s . l  e’n d o t h e r m . 1’ t ’ .a~ A r e p r e ’s e t :t  S I fa t ’  l a s s  i s i s  ci 15 1  and  l — e ’a~ B t i e -
e n d o t h e rm i c  p r o c e ss .  On c o a a l  l a g  t o  s a l  i d i t  i c a t  l o t s  and r e h e a t  i ng  t h a t ’  same
sa m p le ( F i g u r e  6 ( b ) )  , p e a k  h does i i s , ’ t  I e’ . i l } n - J r  and t l ie 51 t e a s  io n  peak C. ’ is
much  I .arg e ’ r in  j !’e’ ,l t h a i - i  peak A.

l i r e ’ s . ’  r e ’s ult s  i n d t s . - . a te  ( k i t  t h e ’  u s i a  l e a n t  is a 1 5 1/ 1 : 5 5  complex. It i s
c I t ’ .a r I v  f l e t  .1 }ii - s.s p s . 1  ym orp hu , s l i - a c t ’ the rehit’ .at 1)51 c a , r ’a ’ t ’ t ’ ( 1’ ) and arai c roscope
u ’!’;.,’ r ’.,e t i s . ’ r . s  s h o w  ( S i t , s . ! i a a ’ i t u g  r i.t ~ e -u :s!s. ’ t lae ’rr , :i c ~‘ 1 s ’ s. c t ’ s . 151 i s  p r oda i c e’d .
Since ’ t ; ~‘ nu~ 1 e , t a i t  w a s  p r oduc  s- si a s  s.c Sal  1 i s . :  a. t h e  1 51 501 1 s . l i t  t’al ( 2  • 4 )  , i t
i s  ext  er:t’ I nai l i k e ’I V t f i a t  i t  i s . i (’ s. 1 VflSs. ’ t  p bs ot  I N i  f o rmed at  that ’  same t uric
and in ~‘on t ,,c ( w i t h  t h e ’  k r i o ~ ’ts (9 , 1(C ) st ab l e ’  1or ~ r .  The f a c t t h i , , t  t h e ’  n u cl c an t
i s  t a u t  .e convent is. ’lia l so l id “ h a t  ion it - ~ h i e c ~ ’i-r l v  I t s  . L l ’ s e l a e ’ e’ on rehea t  in
F i gu r t  6 ( 1  ) . i h i c  c o mp l ex  l . e s  d i s s o c i . a te s . !  s. ’n Iae ’ , i t  i ng  m l -  liquid TNT and

~~‘l is . !  ~“.

I .)  t 5 , l e & i i a x  ~s

H i s ’  : s . ’ r r u . . a t  t . ’n s.’! ‘ s. ’ l e  s a a l . c r  cor :p l e - x e - a .  r e - - n i t  I ng  I r um t i e  i n t s . ’ r a a  l ions
e s t  riu ’ I e ’ s t i l e - s i s  a ‘. - : . i e  . ‘, - r e . i s . I  c l s . ’ : ’ - t c . j l h ’ 5 s e f l s l t ’ t i s fl ( I l — I . . ) , H:&’  a s s o c i a t i o n
of l ‘., t ’ a ’r ip s .’r l e’ T s t  S s’cs.’ii rt ~ I n  a d e l  l u l l  t ’ s t a s i c t : i s . e m e .  t n c  r.a i s ’  ,an d t I . - in t e r —
. iu ’t  I o n i s  ss. ’t rs.’ w b s . i t  s t r - r u g . ’ t  t h u s  i n 1  I n . a t  v \‘an  s u e  i ‘e~a, e 1 s  . 1 s t — a n  i.tl I o n s .  Na ’
c u s . h: 1 : 1  c r c s .  t t a O  i - s . t ‘ . . - e - : :  I S .cnd I l l . ’ - u , . , . l e e r ;  i e - ; ’ s . ’ i N’ s.: p r  t V  i u u i s l ’ a ’  .c~ t hough
e . a s.  hr s s. t’ p. ::, - ; : I as! iv  i d a , a  I 1 v h , i s  I s .  c - i :  s!’ow’r ; t a ’ t a i r :  mc i I t’cu i t t  a s. sr:p 1 a XC’S. For

I e , : s ’ij’ lox. ’ s w i t  ii I ‘- .‘. rn- ( 1  
~ 

) • . a l  ‘
~ a 1 1 — r t -  t .‘c I al ox h I t s  (1 ~ , 1 7 )  and

,, r’- I t t e ’ ’ . ( I s ) .  l i e ’ ;- r c - ’, ’ . a r . t t  I s . ’:: .e n , l  l ’ r s ’ i ’ e  a t  f e .  a ’i a se t 1t ’’; of comp l e x e s of hISS
w i t  I: s,’rr e’ ‘.~~~ s . s ’r~~’ , ins . ! ’. mit m l  ‘. a t ’ s r . ,  I i c  a:r i n .  - s and ‘ . ::s 1 s) li,a s a I so !— t’t’n I -

r e p o r t e d  (P  . u s e  c x l ’ .!. :5 c -  01 a 151 u ’S  & s ir ; l&’x I s  ‘ . - ‘rr ’ w ! s , , t  c i w ’x p e ’c t t ’d
si n c e - l It. - a s t H ’ - : e - a : t  s a r e -  I ,  lIt c i a - c a l  as  s t r i n g  t i e - a N o n a c u  e - ;  t a t  s f r i  the se

r u t  s . ’ r . a  s. t 1s . - r u s  . ‘g e’ 1 ‘ . t l i st ’  ‘. w- , a l  .1 
~

- a .i r t o o I 1, -i -  1 i t t  I ~ ~
‘
~~~

‘- a~ i I- l i l t  ‘.- I or .1
‘.1 t on g  - 1 - - : ; , ’r - a s . - . p 1 s. r l ist ‘ - r i  t i s . - n ,  h i t  . - r a a ’(  i c r : ’ . h ave ’  1- c - e n  i - c  p o r t  c - s.: , h o w e v e r ,
!-t ’ t w e ’ e - t s ; ‘ a t r ’ , 01 n i l  i s ’ s ’ r t t  .e i r t i : s ~’ c s . ’r ;’ a - i a n d s  w h I c h  a r t  v e t ’ , s t r i n g aa ’ u op t  c r c
t, t or  e’xar t ; ’ l e’ • ~~i t i c  a c i d  i ’ : .  r as .  15 w ’ i t h  d m I t  v t  ‘I n c i t e . ci m i t  u ’ !’ . ’nzet ;e  and
2 • 

.. • a — ‘. 1) ( .‘() ) . I c r  • I a - r ,‘ i t  t s. ‘ s. s ‘ r p ’  and s ma’. t s r  it: I s - i ’  t - e ’ t t :u ’  l e e  u I ar
c uui p i e - x e ’c . ‘ 1 univ w i t h  o l e  c t t s ’n cf - u ;  t ‘., l i i ! l i S a ’  w i t h  e ’t h e r  n i t  n o  compounds .

~~1 a ’ :1  i t v  t ’I  e’ s - i t - ( ’ l s . ’x . - ’. 1 s . - t w e ’ e - i t  t w a ’ : : i !  r e  a on’p oi snal a’. ( w i t  l : s ’ i a t  s t  her  p r e—
s . ! a ’ii t l . i t  i t ’ s.; ‘ r u s t —  a s .  e’,’t or t i - s c ’ S )  i ; , a c  ~~ ,- . - : i t  I r U t - t e d  t o  e h ’ c t  r o t - t a t  Ic
t , ’ r s .  c’ . r e ’ s r a l t l n g  r orr  t u . s . ’ strong i a ~s . a l  d i p s I  C ” ” - . n t  -1 e’ . is h n i t t a ’  gr o u p  p lus
d scp . ’ r ’.lon  I OT ’ s. ec  ( 2 1 ) . So , a l t  l ’ s ’ ; i g l f~SI -. and 1 5 :  a r c ’  I ‘ ‘ l i i  c la ssed  as (‘lectron
ac c e p t  ‘ n ’ . , ‘— c c a n r r i ’t  ç’re ’ s.’ I c i c l e I P.’ 1 5 1 ” ’, ! l a ’ii a l  a l o ose  m o l e c a a l . e r  comp lex h”~’
& I t ’ a - l r s ’ s s t . t t  i s .  a t t r . i a t i i ’t ;  , ‘ t  t h e  t w ’ s.~ i- r e ’ l , ’ s e i l e ~~ .

1. a 5 .~ j ’a ’ c i t 1 ’ ~ ‘I t i c ’  ( a ’ri~~ l e’x

The ’ ear j, hrie’nt of t !:e 15 1/ h I S S  compl ex  by w-as !s l u g  with cold .,ct’tonc is
onlv su i ta hhc ’ for the p r e p n r a t l s .’n a ’ t  s ma l l  q u a n t i t i e s  in  t h e  l a b o r a t o ry .  In
s. ’r s . i & ’ r I a ’ p r e ” i a a c e ’ the quant i t  it ’ ’; needed for it s, ’ in exper imental a .‘tst ings , the
t e’ s h n u - ; i.’ of m o l t e n  TST f i l t r a t i o n  was ca ged . This enabled enrichment from
lit - ’ lZ of 1155 added s. ’nigl n a ll v t o  .a m i x t u r e  c o n t a i n i n g  7f l ~ comp lex : 3O~ TNT ,
shown by  .‘ . isur ement of t I t - ’  a r c - - i ’ . i t f l s l ( ’ !  liSP ~‘e’ .i~ as such  as those in Figure ~- .

H e a t i n g  t i , ’  com p lex t nt ..,-’ . i t  t o  a l i s s o c i a t s ’  t o  m o l t e n  T N T  and so l i d  1455 .
I l s’aa s.;l : ira ’r c ’ ’. ’ r~ i s  r .  s - , ! , ’a !  - - a t c ’ s c r l b e  p r e ’ e  I’.~’Iy the c or a l  I t  Ions under  w h i c h

S
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breakda.,wn ‘f t he’ complex o c c i a r s .  I t  app ears t h a t  the ’ d issoc iat  ion is d i r e c t
.as only a single peak is o b t a i ne d  I rs . si ;r I t S(  . Sc a r  Joe’ s si gn i l leant re ;comh ina—

ion occur  a t  I cr t h e  eur  1&’hed nut ’ l e t - o a t  I s  hr oke ’n d own , s ince  peak 11 doe s not
reapp ear in  Figur e 6(b).

I n t e r p r e t a t  ion of t h e  d a t a  f r o m  t h e  DSC c a r v e ’s shown In Figure 6 (s ee ’

Append ix  1) pro duced an c t - I  imate ’  of t ha t ’  complex c omp o s i t  Ion c al 1.6 TNT : IIN S
~r u a - 1 , a r  r a t  i o ) , s r a ~~gt ’ .s t  lag  .a s. o r . : ;i l t’ .~ 1:2  or 1:1 or P~ rhaps a range of differ-
ent  c s . ’r.pcs l t  i - r i ’ . .  h i s . ’w~ ’v~ ’a , i t  w a s  t e c s . ’ g i - a i s e s . f  t h , a t  part ia l di sst ’&’ia t ion of
t h e  comp lex ;:: 1 g i s t  I i . a v ’ o c c u r r c .’ s.l pr ion t o 1)SC ana l v s  i s  • dur  I aig t h e  I i It rat ion
at  8S~’ ’ , or by t h e  cuss.’ ot  a p o l a r  s O lv e n t  s i te - I ;  .IS aa ’ e ’ t O n e’ .

I i i  o r d t ’ r to te st i - ’ r  i l l ’ . i’ a s~’” lhs l t’ d l s s a ’ &  i t - I  j e ’ i i , cb ~ 1a ’r u ’t  ott ’.: w’sls etsed
as  a an t  it i e r  cur Ic!. ing sd v on !  . l ’l ae ’ so m b  f l i t  v ot  i’S’! I n  c l i i  s.~ro! ar m at 20 °C
I s  lower han t a t  ‘ a s . s . ’ t s ’ne ’ . (.‘h l ot a t  ci an a iso l . a  s ta i t t - a s  i t  1 u ’w e ’r  d I t ’  1 e’c t a I c

a ’ s. ’ t t s t . a a t  t han  a s. t ’ t a ’ta e’ , P5( ’ r c - ’ . i i l t  s. a’, i i a ”..s.’aI ( h a t  ( l i e ’  , c n s . ’ ; a i t t  o f  I 5’I l e f t  In
t h e ’ e’alr  I f a t a l s.eit p i s . ’ v a t  I cal , .tne f ( l i e ‘ t i  c r c  1 - c t  ~ s.l c a c r i p  i c .’. e e a r n f ’ a a s  II l s. ’t;  s . l t ’c t’ e’~lS esJ
ac t : , e w . c t - ! .  I tug I, l t ’ : e -  i i ;  e’ h i s .  - t , - a rI:: l a s u t • a , ‘ s.! ( I di I t  I

1- 1. 1 
- 

1

1 s F  ( l i i i  ‘~~i~~F~i ,a ’a } : h I a . 1’ 12  r.

a’~a s h a  lur e ’ - ,a - ‘ - 5 s l , ~~’ Sat  i s . ’ , - : I ‘ s. 51I, n u t ’ . )  - u : , .5 - -

I 2,00 ‘ 0.s ’ t ’ I • 1— .

0 . 1 1  11 • 3

5 1 .~~ “e ‘ (LaS ‘ • .‘

30 
- 

1 , 7 7  ‘ D C ’  11 1

l ’ s -  j ‘ 0 , 1)  9 •

In  t h e ’  1 1 gilt ~I I hi. - s t  r . ’ ’. a a l  t ’. , we . a ’ .s. I gn I he \‘a h i t ,’ a ’ !  2 I a ’  this r - c ’ l , c r
r a t  I c , m a k i n g  t b ,  s a ’irp l t ’X ( 15” i  ) - . i l l s - . s. . a ’ . ! s . i s . g  t o t  c - x t , ’n d e d  pe r iod s w i t h
c hl o r s .  1 - n ” - , .a ’ . in g  a - - -

~~ • - r  s e t i v u r i t  S a B a  I s a s  . 1 c c - l o t t e  or r t ’r i a & ’v i n g  t he  b u l k  of
1St’ ‘. f r ” . ”  t h e ’ c s ’rr-;’lex ~~ S T  m fxt tare’ by I I P r a t  I a ’:; at 1~Ya , a l l  s ’ , a a a s e  p a r t I a l
di cco c l e t  i on  a’. the cs. ’—’p l ex. The c ’ t l t i . I I I’v ‘1 s f l s s o c  i , i t  ion  i t  t h e  com p l e x  was
s. ’ a l ~~t i I c t s . ’ l  at .T~ ~.J it’s.’] (its t r i g 1~1—I r e s e c l t  s 01 r e c l d i a , ’  f r u i t  1 m I n u t e  c h l i ’ n a ’—
f s . - r r’ w . a s f s i n g )  . H i t s  ‘.‘ s i l ~~e’ is  m u c h  l ower (lie n t i e -  t r a n s f o r m a t i o n  e - n t h i a l p ics
r . - p a ’ r r s . ’ s.! f u r  t h e ’  d i s s o a ’ i , a t ion a ’t ’ a range ‘‘I o t l sa’r asa ~ ] Id hISS cort p ic ’xes  (19).
In • t a i s !  it I ott • I l i e ’  C a ’i’t’ p lex r c ’qu I red on lv  a ’rse DSC S c a t  Ing scan ha rou g ha t he
end,’t l’ , ’r ss . i s. 1’e’ . tk  I s ’ c . I t a c c  f u l l  d i s s o e  f at ion. a it her complex es may undergo
rep eated I-c’ .’ lag- ’ ool ing c v i  Ic’ . on t 1s .s . ’ DSC wIth l i t t l e  or no dissoc I . a t  ion
(21 .23) . f’ r’ s ’r r t P t ’ s .-  two ol’ccrv,i r ions we prod le t a r e  lat l v c ’ l y  l os’ therma l
c t , i h i l i t v  1 - -i i ’a T ) - u  . hISS .

Ci
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1 , 5 Me’ch an i a , s . t  1 ~ ‘.t  I ;;~

I~~~e ’ ca l  t h e ’ s ta I d  i t  ly e ’  1155 In  l l a I - ‘ l . t ’ . e’ al a a s t  l ag’.-. i s  known t~~ p r o d u c e  an
inc  t ’ e’dse ’ i n  rr~e c  f a a a s  I c a l  t a  e’i ug t h . I n  a ’ r s . I c ’r I a’ c o a a l  I rut t f i a t  t he comp lex
ext r ,ec ted f roan 1155 / I N ’! i ’ r a ,’a ,luce ’s I I s e  same y r a  t a t  r et  ineme ’at t  in ‘i N’l ’ as t l ie ’
s. ’ v s .  le ’- ca ’ .t  me ’th od . p re— produced  c omple ’ x was  added t o  m o l t  oa r  I ’l~i durin g
c , l s t  ing . “ Is. ’i t o t ;  15 1  l ilt rat ion was used t o  l s r s . u s l ; ; c e  ( t i e ’  our  j o l ted  couip le ’x In
s . ; s s . l a l t  i t  y t s . r  t h i s  exper  ime~n t a  1 .1st l u g .

Ta l i e ’ .T ~ h i ’w s  t h e ’  i t ’ s t r l t  s ot  c a s t  15 1 w i t h .  p r o — p r o d u c e d  comp lex c ant —
pared  w i t h  ar c ’rr ra l c a st  TN’!’. l i s t ’  mech a n i c a l  ‘.t na.’ ng t h  I s  I r s a r e ’ .cse ’d t o  t h e
st-r ;t ’ d~’gr e ’e ’ as  c a s t s  p rodu ced  l ay  t he’ cy c l e - — i  .1st r : ; t ’ t l i o c l  ( 1 6) ,  ‘rite m&dified
s . i r . a i n  s t , r u c t s u i - s .  ‘s tt - ’r~ l a s  F ’ i g e i r s . ’  7 ( 1’ ) and I l i e ’  ‘ . t r e ’ a t g t  hr ~a !  t h e  r , s i s a h i f  led ‘1 ST
c a st  c oar I Inn t 1- c t  t h a t ’  e’nr Ic  h e - s . !  ma t  or  Ia I is he ( I  I e’c t ly e  g r a i n  mod if icr
p a  s . s icacc.’al d ; a r  i- ;g (It- ’ c rc  l e ’ — c s c ’ . t  m t ’t h ex l  . l i i i ’ r ; .a ad I I  t ed c ’ . t u .  I consi st s of v e r y
I l i - u t ’ , r a n d o m l y  o n i e n t t ’ d  5 g i - , a i n i - a , l~ s t .  i n  I l s e ’  c h i l l e d  la ’,’ t ’n r e g i o n  and

h s r s . ’ su a ’ l : s . - i s t  1 St’ h u l k  a t  t h e ’  151  matrix. I~~~l~~ I s  In  co t l a p l e ’t e ’  c on t r a s t  t o  the
151 c a s t  w i t ! ;  i t s  , : , , a l , o  t c ’r i ; ~t I a  ‘ -i !t- ’n i l  I t e ’  s t r u c t u r e  in  t i e -  chi lled

l , ive ’r  ( 2 ” )  ant i  i t s  l a r g e ’ , c i  l g r i t ’ a ! 1 S  ~‘ r , a I n s  In  t h e -  h u l k  cif t h a t ’  r , . , t t ’rj a i
(Figure 7 ( a ) ) .

I A I 1. u -

‘ I i  5 h .’s . l .  i t  .\ I  i t - I ’ , .  I;’: ‘.5; ‘~ - : - i i- :~~: : ~~ A l 1

l’l a ’ a l s . ’  i ,t  T c - s - .  t
• A

1.451
- e r ; ’ . ion 1 s i-”~ ’i -  e -  I on

- 4  - -‘  
~~~

- - - . ‘ - -  -

0. 1 ‘ 1 i  2 , Q 
~1l’ a

(B)  “‘ s. ’~! i f  1 0 5 1  - ‘ , 1.5 ‘‘Lc 10,  ‘a ‘‘ l . a

-

*
a x , ’’. of  a’’,’l  l a s h - a ’ . ma ci I r u c ’ s. : p a m - a  ls.- l t o  ax i t . of a ’as t

l a s ! , - : a t  ,‘0 ” ( , w i t h  - - t r a i n  T a t e  s . ’ I  ~~~ mm n~~ l s ’ r

‘ ‘ i - I s  I e ’ t s  l i - i s !  () . 4 tar in lea r 5 5 ‘n -p r . ’ ‘-i s t ots ,

7

a, - W’ ~~~~~... -.“~~~~~~~~ —— -



4 .  C~~- i . s  I s .~ i ’ l l  5;

I t  at ; now ho m o t e ’  c, I e ’a t l v u nd e a st~ a~aal w h y  .c t e - l . l  e - a ~ a t a a r t ’  a v a i e ’ .  Is
( a ’ ~‘ t a 5V i s .~ e 1455 w i t h  I t s  e x c e p t i o n a l : a i ’ i l l t v  t s . - i ;ue ’ l e ’ a t e -  I N’! . The

n u t ’ I cdn t  , a cam p lox s. ca, ampos I t  j a r ;  ( i 5  ) , 1155 • o a i -:s its  se al t i t  I oai . a h i~~’ t- a t -,
i - r e - i t  ing poi n t ~‘ ! ; S . . I~ e’ 1 l i s t  S e a t  l i - i g  t’rs. i t ’  0! t he’ e v s ,le—c.a s( mc, ’tfi aid is

e~qu i i -  e s . !  t ii J I s  so 1 V e  5~~ ’ i t - , ’ , i i -  h a s  1 c e -  - I a 1 ~- a  I e s . I  a t v  l s  ‘a s s ,  1 ~ - ( .‘ , ‘s . )  ha t
t i r e ’  a ’ s.’r p  I s . ’ X ~‘t c ’ s. I p I I  a t  a~~ J u t  I i  g t l .a so! Id I f  I s .  a t  I a ’ a a  c u t  1 51  • as a ‘w’a ; l i v  I h u t ’
sIr t.tte’ci .a l a ps. .ar .ai - a s. s. t a t  ( i r e ~~~s h t ’p s . ’ s i t .  l i s t s  l a t e - c  i p u t a t  i c a a s  d u r i n g  t i a t ’  I l r s t
a’ o e ’ l u i - u g cyc le’ a l  l ow’ ’-. .e w i d e ’ d i s ~ - e - a  s .d ci Sad  Ii!  s s. ’L’si ’l t ’x  w h it -h , on 1 as r t l ; t ’ r
c’ y c l u : ,~~, e ast - !  it ’ :. nuc l eat  1. -ui to e~a a a u r  a t a l arge ’ s u n - h  e r  o t  s i t e s .

I L t ’ t’ o:t: ’~’l e ’x .. a s , a l I t - a ;  ~~l . !  l v , a low t , , - t r - a i S l a b  t l l t v .  A s  at ;  c - i - U

:: . I xt u r e ’  w~~t h  1~ , it. d i ssi ’s 1 . a t e ’ ’, . i l , ’.’~i 1 i u ,” ( . A~. at ;  ø d d l t i v t ’  t o  a 1 . a r g e ’
q u a n t t t v  ‘‘i - ura ,’l t en S’~ it, , a 1 5 ’, e . t r s  “Ve ts l e s S  -~~. a b  it’ , as’ i n d i c a t e d  i -v  t h e -

c o n’.  t n - a i i - u i -  s. ’i -  ~~ “ “ & on t ‘ - a - i- e ’ — i - u t-  i t  ( a  ‘
~~~~

, a a I :1 a - a - !  I b e -  a y e ’ I c - - s :a s t  iu , e’ t b a d
l ss. ’ t l , e - a r t , e l  e’X ~ ’ , t  i r :,e - ; : t s  I. - t r - a ’ a r I ( a ’t t . ,  dj s ~a~’a t . a t  i s - i - :  a : c t e ’  u a i - - r e q u I t e d  t a s

. t ’ ., u - a  t . i j n  t i c ’  t ; e ’ r : ’ . a i  st . al l i t ’ ,’ c i i -  t b .  a s .’rt -] i i t ’ X .  I i , ’ — ; - l a ,sd i R  l I on ‘1 t Lt’

( I N , )  . b: ’. : s ’ a ’mp l t ’x s !  N i - s . c  ‘-. i ; : g i a  ‘.1 cC , , s. . au - .~ sag ; - N ’ s c ’ s - i  c i : : rn~a v  c i tab l e’ a
r~’ l . a x , c t  t~~• i - ; - - :  I - a : : s ”. j u r a ar  n - t i !  ‘. e r ; , - ; . a t r e - .

l b s  I s r e ’ ; ’  I lu ,c i - i  : l aa . t a a t  e 1 .1 st !  I . ’. 5 f  e ’ f l t  I s  i , , ;  - I I s I , ; :  I 5u t -  a. wit l a b

S u t -  y e  1 ’c ’ s.’;u u s e ’ 1 o p t  s ”. e ’ ~, he ’ ‘ ‘- I;’ ! :. , t ’ s t t -  1 5 I  h I .  - s s. ’:: i’ I a x . Ti- . ~ r d  :41’

c o r p s .’ I t  i s .  ‘a b . i  s he - c - r u  si I : — a t  a ’ s.1 .15’ 11, . ) , h I S S  .c as.! I I - a I i -  a as  a !  to :;
u i - i t  i s . e i p - . on s.I i s a - t o e ’ I , c t  is ’i- ’ h a s  b ’ e - e ’ i - i  : a i s . - i s  i t - I  at-I .11 . 5 k h r - i  . 1:1. ’ 1’. .a , i s . I , - d  at
.1 s,’ c ’ns . ’ e ’ t t t r . l !  j s ’a d i I~~ - d : :,u a ’ s ’n’ l l e~ b e - a - a  pa  a ’s h s i a  c a l  a t  1 s : i -  I l ’ s.’ ‘‘I .- r c. at t ’ i-

a t ;  ‘~ ( i T l, ,  ‘. : , s . - c . ’ s. I a ’ - c a s t  I t ’ s l r ’ i , ’uc  , .u r ;  s u s ’~ !‘ e ’xp l . a I : - . s :  u r ;  I t  r:’s s. ’I  cs ’rr p l c ’ x
!orutat i~~:; , c ’ ’mp i u ’:’. - t , i h j I i t~ - . a : ; . l  •‘ r . a l r; r. :s.’c s . h j !  l O t - I t o r i  a ’! l’ l v  .i I . 5 ) ~ . 115:- -
a t ; ,  l e ’ , a t  I r u , 1  s~ ,‘ - I c - s .  . a i , s h  :: - t  I l :e ’  115 ~~t , u s  S ‘~ . a -  e a i -  in a i 1’.- ad d e d .  A:; : i l t e - i -  1:. -

l i v e ’ t c ’ s. ’ l u r s l - , - : e - :c e i- t i e - g r a i n  m o t i f !  a .t l o t ;  ~~t :‘ .: , t h e  l i e  _ l h t’ s. s i l t s s  I j a r s  and
a d s ,! i i  Io f l  s. ‘ s.ott’~ ’ i s . . ’ .  j u s t  a I .  i- t o  c - e s . ! it~g , S,a s l e t ’; ; ‘.1 a~’,.’i’s. t ~ b e - I c - a  s i t - I c

S. As. i~ l . . ’ :~ : s b  I ’ l l  1 . 1

T b . , ’  , a a a l ’ : s .  t s ! b ; . a r ; p  t 1 e I N l o s t ’ , .  s F t .  t o t ’ s.’ , b a a  i h~ - r i - i a ’n g ,  l o t  i - b . c  - r  I g I n a l
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p. “1

APl’ I .~’s . L j I X  1

A t  Icr Int e •r pr e ’ Iat ion of t ire a l t - t a  fr o m  )ue PSt peaks of Figure 6(a) and
tu a, l i  t itt ’ s.’ s.~tr I 5  lex a’ .s.*Ta p e) b It ion c t - c u  be e~~t imat  ed

~aS • i- u.s ssa of  I) “1 .11’,: ( ‘  I C ’

i-r, i — r. ;as’. a’! 151 In t 1st ’ s.tr4p lI ’ b e t  a ’ a  e la c a t  Ia sg , F i g u r e  b ( s )

i-r i , 1 ~ 5’ ) ma sa -a , - t  I N’I - I aN  ‘ a s.~lii p he ’  x

~ ,iiss a ’! 115 ;- r e lc ,’at ’ .eal s an  c a ’mp l o x  d i s s a a e ’ t ai l i e ’ i i

~5HS ~~t I S  I t ’  l e a  siec! a ’ts c e~~ p 1 cx d i s ’a s ’ s. 1st ion
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S i n c e  we a ’ s .  u a r . i t e l v  know t h e  s amp l e  mass and the  represen ted  mass of
T N T  meltin g u nd e r  t h e  peaks A and ‘ of F i g u re s  f ’ ( a i )  and ( h ) , we can  easil y
s. ’ I . t a l f l  ,-i ‘.‘ -‘ai auc fs. ’a I h u e ’ comp l e x  s - aaT ~ps ’s I t  Ion .
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