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T h i s  work began as an ex tens ion  of previous s tudies  on the c!!~lt;c,~i 

r e a c - p i v i t y  a t  d e f e c t  r e g i o n s  o f  a c r y s t a l .  (1,2,3) The r eac t iv i ty  s>nci f- 

i c a l l y  studied was t h e r m a l  decomposition and the  system was IlaRrg3 >:ilic!l 

thermally deconposes a c c o r d i n g  t o  t h e  equation 

N a B r O Q  -+ NaBr + 3/2 O2 

I t  is known t h a t  r e a c t i v i t y  v a r i e s  markedly from one c rys t a l  t o  enathcr 

of  t h e  same subs t ance  and t h e r e f o r e  a comparison between a norm1 cr*:;tdl 

and. one containi.ng a l a r g e  number of de l ibera te ly  introduced defects  is  

f r a u g h t  with u n c e r t a i n t i e s  e s p e c i a l l y  s ince the a c t  of studyin$ th* dc- 

c o m p o s i t i o n  d e s t r o y s  t h e  c r y s t a l .  

The motivatLng i d e a  behind t h i s  work was a d i r e c t  coa~a r i san  l:,?twcc:. 

r e a c t i v i t y  of a no rma l ly  s i t u a t e d  brornate ion and one tha t  i s  place:! c:t ,: 

v e r y  disorderec? r e g i o n  of t h e  same c rys t a l .  In t h i s  way an in-rttc c ' . - -  - - - -- -- - 
p a r i s o n  is made for normal and defec t  regions. T h i s  has been a c l : ; ? ~ l ~ ~ '  jr: 

. . 
*he following tray. A sample. of polycrystall.ine fiaBrO j.s i1,rc:. :~.f.,:.: i!. i 

3 

n u c l e a r  r e a c t o r .  The nuclear r eac t ion  

81-Ijp + neutron + 82~rf: + gamma ray 

o c c u r s  (amongst o t h e r s  1. (4  1 The emission of the gam:?E! ray rcsultq, i n  

m o s t  cases ,  in an energetic recoil of the 82Brf: (of the ord+>r of ht!::fl !'*' ''J 

e l ec t ron  v o l t s ) .  T h i s  r e c o i l  a) is radioactively laDrl - t b  i:l : . . 
d e n o t e d  b y  t h e  as tep isk  and b )  r e s u l t s  i n  a h i g h l y  ? ? ~ ~ 7 ~ r : e . ~  ?'';:?:I ln t ' '  

v i c i n i t y  of its resting place. The exact nature  of tlln rbqcr) j '  -"' '.'' ' ' J '  

not ye t  been b u t  i t  is kno~,rn th-.t t i l e ~ l l i , 7 l  t l '  1 -  
"* ' ' 

t}:r !' 3 ,  , .' ' ' ".' ' *  

i r p a d i a t e d  m a t e r i a l  r e s u l t s  i n  t h e  formation of R I " O ~ - *  

with t he  B~ l a b e l l e d   hi^ re-foripafion of parent  it^'!'^''! '''''"' "' 
' I  

temperatures w e l l  belovr t h o s e  a t  
which thermzl decc..Pq : i : ?(I:! : 



2 ' 

- the temperature is now ra i sed ,  the deconposition of Spo and B r < : ~  - 3 3 
s i ~ i i u l t a n e ~ ~ s l y  and because of " c h p  fac t  t h a t  the  bromate ion . a t  

t he  damaged region is l a b e l l e d  One may obtain decomposition rates of 

n o r m a l  bromate and bminate s i t u a t e d  a t  darnased regi0n.s i n  t h e  SAME 

c r y s t a l  under i d e n t i c a l  condi t ions .  

The exper imenta l  procedure was as fol.lows. About 100 mgs. llaBrOB 

(A.R. Grade - po lyc r -ys t a l l i nehe re  i r r a d i a t e d  i n  an evacuated  quartz 

ampoule f o r  one hour i n  t h e  Rrookhaver! Graphi te  Research Reac to r  (flux 

2 approximately loL3 neut rons /cn  / s ) .  This sample ?=,as then opened and 

d i v i d e d  i n t o  e i g h t  approximately equal port  ions, each port i o n  being 

p l a c e d  i n  a q u a r t z  boa t  mounted on a ' m e t a l l i c  s lug.  All e ight  boars 

were placed a t  the end of a long quar tz  tube. T h i s  end of t h e  tube was 

provided with a ground g l a s s  s topper ,  The same t u b e  t h e n  passe6 through 

a 24" combustion t y p e  furnace .  A t  thc o t h e r  s ide  of t h e  furnace the ru5e 

Cor-iriected up with a high vacuum system. In t h i s  way it could be cvacuate3 

l e av ing  t h e  sanpies i n  a vacuuTn ~n.i?i:-onnent a t  room tenpeziaturr. The 

boats, being s i t u a t e d  on m e t a l l i c  slugs c o u l d  he rnagneticillly nsn ipu la t ed  

into and out of t h e  furnace at w i l l .  In p r a c t i c e ,  t h e  tube was evacuated 

3rd t h e  desired furnace tenlperatupe set .  The furnace was capable of being 

c o n t r o l l e d  (by a Lee& and h'opthrup C.A.T.  c o n t r o l l e r  - pr~g2'~%nir) to 

0 

2 0 . 1  C. fo r  long  periods (weeks). A 1 1  e i g h t  szr?ples were then quickly 

i n s s ~ t e d  into that portion of the quart:! tube  s i t u a t e d  i n  the f l a f  m n c  

of t h e  f u n a c e ,  the  system heinp; open t o  t h e  pumps d u ~ i n g  the  e n t i r a  e:c?12r'- 



I 
3 .  

g e n e r a l l y  around 15 minutes.  

I The e i g h t  samples weTe pu l l ed  o u t  o f  t h e  fu rnace  one by one t o  f r e e z e  

t h e  reaction a t  d e s i r e d  t ime i n t e r v a l s .  Af te r  a l l  samples weri! removed t h e  

system was opened t o  atmosphere and each of t h e  e i g h t  .samples d issovled  i n  

I 1 cc o f  a n  approximately 0.001 M KOH. Each s o l u t i o n  w2s then  analyzed f o r  

1 3 
(5) B r 2 O  -/BP*- r a t i o  u s ing  a paper e l e c t r o p h o r e s i s  technique  a l r e z d y  descr ibed . 

Br ie f ly  this technique s e p a r a t e s  bromate and firomide ions on a p iece  of 

c h r o r n a t o g ~ a ~ f ~ i c  paper, lcm width (moistened wi th  d i l u t e  e l e c t r o l y t e  s o l u t i o n )  

across which 1000 Vo l t s  is placed.  Af te r  about 1 h r  of t h i s  t rea tment  t h e  

2 p a p e r  is  d r i e d  and c u t  up i n t o  1 crn sec t ions .  Each sec t ion  i s  counted f o r  

82 
the gamma ray  a c t i v i t y  from B r  on a s c i n i l l a t i o n  we l l  counter .  Figure 1 shows 

- 
.a t y p i c a l  h i s t ~ ~ r a n ( ~ ) .  The r a t i o  B@O /~rf:- is simply t h e  r a t i o  o f  t h e  a r ea  

3 

of t h e  firs.t  peak t o  t h z t  of t h e  second. By d u p l i c a t i n g  t h i s  procedure f o r  

- 
each of thc e i g h t  s anp le s  one can fol low t h e  Brc:O concentrat ion a s  a func- 

3 
- 

ti0n of t i m s ,  i . e .  t h e  k i n e t i c s  of t h e  By% *decomposition. I t  must be 
3 .  

- - 
poin ted  out no?? t h a t  Rp3 and ~ $ 0 ~  from any g iv in  sample t r a v e l  at. 

3 

t h e  same r a t e  on t h e  chromatographic paper of  cou r se .  By s i m ~ l y  allo-ding 

82 t h e  Br" a c t i v i t y  ( h a l f - l i f e  35.5 h r s )  t o  decay t o  zero and then  r e - i r r a -  
J 

d i a t i n g  a l l  t h e  s e c t i o n s  2nd re -couat ing  for 8 2 ~ r  it i s  poss ib le  t o  ob ta in  

the o~iginal BrO - /RP-  r a t i o s ,  it beiirg borne i n  mind t h a t  t h e  o r i k i n a l  
3 

nunber 3f bi.oni:le atoms a c t i v a t e d  by t h e  f i r s t  one hour &rad ia t ion  i s  a 

ne.@i,oab&e llumber compared t o  t h e  t o t a l  bron~ine atom concent ra t ion .  Thc 

i second i ~ r a d i a t i o n  is e f f e c t i v e l y  an ac-tivat i o n  asal-ysis  and measures 
- - 

Bi?CI3'/~r-. T h i s  latter r & i o  is t o  be co~tpared  with t h e  Byfi03 / B r L  and 

co r r e sponds  t o  t h e  i d e n t i c a l  c r y s t a l  with t h e  szme thermal t r ea tmen t .  In 

p r a c t i c e  the  r a t i o  brol;i.a-tc t o  bpomate p lus  hro~;li.:!-? was used i n  or6er t o  

I confor-1;, to c u r r e n t  practice i n  t h e  fie1.d of hot-aton ciiainis.i-TY. I n  order* 







4. 

t o  compare t h e  decomposition of a bulk hromate ion and a brornate situated 

I at t h e  s i t e  of an original recoil, it is only'  necessary to plot, as a 

function of time, the quantities R and Rfi where 



RESULTS - -- 
The r e s u l t s  are c o n t a i n e d  i n  t h e  R vs. time curves, S p n c  r,m.; :,t. 

showing t h e s e  c u r v e s  f o r  a l l  t h e  temperautres studied, but foo r  t!,:): ,: 

ones, from t h e  l o w e s t  t o  t h e  h ighes t  temperatures a re  shoen i n  !.iru:t-:.? 

t h rough  5. Each f i g u r e  Feppesents a n  isothermal run and in cazh ti.c::~ts .:.. 
\ s e t s  of e i g h t  p o i n t s .  The open c i r c l e s  a r e  the R" values and f o r  c x ! ,  if 

t h e s e  the re  is a co r re spond ing  R v a l u e  (diamond siraped) a t  the sa- n ti:. 

( t h e  ,time of w i thd rawa l  from t h e  fu rnace ) .  Note t ha t  i n  a l l  tho ru:;,;, t!.,~ 

temperature dropped a b o u t  2OC. when al l  the eight samples >:erle intro.!z;rc! 

i n t o  the  f u r n a c e -  It t ook  about 15  minutes f o r  the set tt:;?cr.it~_r.-~> t:. 

b e  a t t a ined .  All t imes  were recorded  a f t e r  t h i s  temperature eqzi lit.rL.t :* -. 
occurred. 

Figure 2 shows r e s u l t s  f o r  t h e  lowest temperature (319.3'C.). 

diamond shaped p o i n t s  r e p r e s e n t  s imple thermal dccosposi ton of bc:k 1.r. - 1 ' 1 1  

- .  
and show th'at t h e  r e a c t i o n  i s  very slow a t  t h i s  te;n;:~rctz: . , , L s  : i- i 4  : *  ! 

is l a rge  f o r  t h e  last t h r e e  po in t s  owing t o  the poor countin,-: -9: : c . t  : ( 1 1  

run l a s t e d  more t h a n  a week). The R:': values sh0r.r an i n i t i a l  str+-:l rir+* 

and what i s  p robab ly  a pseudo-pla teau  This curve i s  i n  f ~ i ~ t  :: .I 

standard S z i l a r d - ~ h ~ l ~ ~ ~ ~  annealing, curve. The l a t t c r *  .F,L'I::" -1  !:' : " A 

a sharp i n i t i a l  r i s e  and a subsequent  pseudo-plateau. !!as: * A  

. , 
S2ilard-chalmers a n n e a l i n g ,  i. e ,  t h e  formation of Br23 3 

f 1.c ', t : d s '  ! ;*'" 

species ,  a p p a r a n t l y  occurs during t h e  1.5 minute Vr2r'r:-"i' t i r n .  
I t  ' I L v  ' 

, 1 '  & 

mentioned here t h a t  a t  2 0 0 0 ~ .  , which i s  t h e  hir,bcot t f " d ; ' " ! ' . . '  

, , . , 

heretofore(5),  t h e  pseudo-platcau ~ 2 1 ~ '  of Rs: V ~ L S  5?:. 4 

* - 

i :  

shown in t h 3  figure represents a p l o t  va. time of ~ ! I P  f':: s:,' i * i ! ' (  

The puppose of t h i s  plot is t h e  f o l l o v i n z :  
If it j: r ' ' .  . ! ' $ 1 '  ' 



FIGURE 2 

R and @ vs. t i m e  (319.2OC) 





I - 
re-formed.Br::O ions  i n  t h e  c r y s t a l  a r e  s u b j e c t  t o  t h e  same ( the rma l )  3 

1 - 
decomposition a s  t h e  normal bulk Br03 , one may obta in  some idea  o f  what 

1 

t he  c l a s s i c a l  Szilard-Chalmers annea l ing  curve would have looked l i k e  

i n  t h e  absence of decom?osition a t  t h e s e  temperatures  by adding t o  t h e  R* 

I va lues  t h a t  amount of decomposition t h a t  has  occurred,  i . e . (LOO-R) . The 
I 

dashed cu rve ,  shown i n  t h i s  Figure as wel l  as Figures  3 ,  4 and 5,  may thus  

be r ega rded  a s  a s tandard  Szilard-,Chalmers annea l ing , cu rve .  The o r i g i n a l  

mot iva t ing  idea  of t h e s e  experiments,  i . e .  a poss ib l e  d i f f e r e n c e  i n  decom- 

- - 
p o s i t i o n  r a t e  o f  B r O  and BrC:O is thus  ignored i n  t h i s  ana1ysi.s. 

3 3 

~ i g u r e  3 r e p r e s e n t s  a temperature of  322.8OC. (The i n s e r t  w i l l  be d i s -  

cussed l a t e r ) .  Here t h e  thermal decomposition is  more i n  evidence. After 

about  20 hours both R and R* appear t o  f a l l  on s t r a i g h t  l i n e s .  Despi te  

I t h e  s c a t t e r ,  it i s  c l e a r  t h a t  

This  r e l a t i o n s h i p  held f o r  a l l  t h e  o t h e r  ( lower)  temperature runs  no t  

shown. 

A somewhat h igher  temperature is shown i n  Figure 4. Again t h e  i n s e r t  

w i l l  be d iscussed  l a t e r .  The cu rves  j o in  up a f t e r  about  20 hours and, 

w i t h i n  exper imenta l  e r r o r ,  r ena in  jo ined  f o r  t h e  r e s t  o f  t h e  run.  This is 

I 

1 ARRFIENIUS PLOTS -- 

I t y p S c a l  o f  t h e  h igher  temperatures  where t h e  curves always joined and never 

It i s  d i f f i c u l t  t o  choose a p a r a n e t e r  t o  o b t a i n  Arrhenius p l o t s .  One 

< 

needs a n  idea  of  t h e  a c t i v a t i o n  energy f o r  t h e  decomposition o f  normal bulk 

c r o s s e d  over .  Figure 5 i s  f o r  one of t h e  h i g h e s t  temperatures  s tud ied .  

b r s n a t e  as w e l l  as t h a t  f o r  t he  pr-ocesses r e s p o n s i b l e  f o r  t h e  annea l ing  of 

1 82~rfi s p e c i e s ,  i .e . t h e  Szilard-Chalmcrs annea l ing .  For  t h e  bulk  deconposi- 



FIGURE 3 

R -  and R5 vs. t i n e  at 322.8OC. 

- - 
(The i n s e r t  is for t h e  simple Br /Bra3 exchange at 325.0°C) 





FIGURE 4 

R and R?: vs. time a t  336.B0C 

- - 
(The i n s e r t  is  for the sinple Br /S r03  exchance a t  3 3 p ~ 9 O C )  





FIGURE 5 

R and Rc: vs. time at 31~2.2'C 





tion, the parameter ki was chosen. This is -dR for srnalS t which colrforni 
dt 

(1) tp the study . These experiments were not designed to obtain 

accurate values of the activation energy for bulk decomposition but rcther 

to obtain an in-situ ;omparison of this quantity with the corresponding 

- 
quantiti.es for Brf:03 . Figure 6 shows that at the lower temperatures the 

bulk decomposition occurs with an activation energy over 100 kcal/mole. 

Figure 7 is an Arrhenius plot for two parameters associated with Szilard- 

Chalmers annealing. They are 1) the reciprocal of the time to reach the 

maximum value of Rc:, and 2)  the reciprocal of the time corresponding to the 

beginning of the pseudo-plateau on the dashed curves of Figures 2 through 

5. Both parameters yield some idea of the activation energy of the Szilard- 

.Chalmers process toward the end of the annealing. As stated before the great 

bulk of ,the annealing occurs first and is extremely rapid. In fact the latter 
, . 

is conl~leted within the warm-up period (15 minutes) and it is estimated that 

the activation energy for this process is well under 10 Kcal/nole. The parti- 

cular technique employed in these experiments does not make possible the 

measurement of an accurate value for this quantity. It is clear that the 

plots in Figure 6 and 7 display the same general form but that the activation 

for the bulk decomposition at the lower end of the employed tempera- 

ture$ is at least a factor of 4 greater than the processes involved in the 

Szilard-Chalmers annealing at these temperatures. 



FIGURE 6 

5 Arrhenius plot for the bulk decomposition ki (hr-') vs 1/T 'x 10 . 





FIGURE 7 

Arrhenius Plots for Szillard-Chalmers annealing 

(Closed circles are r~ciprocal of time in hours to reach the pseu2o-plateau) 

-Open circles are reciprocal of time in hours to reach rnaxirnun R* x 





8. 

DISCUSSION - 

Before proceeding t o  a d i scuss ion  of these r e s u l t s ,  it is  we l l  t o  

p o i n t  o u t  some of t h e  f e a t u r e s  of t h e  NaRrO thermal d.ecomposition. I t  
3 

is be l i eved  t h a t  t h e  whole s u r f a c e  becomes nucleated immediatily upon 

a t t a i n m e n t  o f  decomposition temperature(1).  This a p p l i e s  t o  v i s i b l e  

SurfEtces a s  w e l l  a s  sub-gra in  boundaries ,  e t c .  The nuc lea t ion  t h u s  c r e a t e s  

an i n t e r f a c e  between r e a c t e d  and un-reacted m a t e r i a l  and it is t h e  advance 

i n t o  t h e  ~ r y s t a l l i t e  of t h i s  envelope ( t h e  so -ca l l ed  con t r ac t ing  envelope)  

which d e t e r n i n e s  t h e  topochemical k i n e t i c  f e a t u r e s  o f  t h e  decomposition o r  

t h e  o v e r a l l  observed f r a c t i o n a l  decomposition vs  t i m e ,  These k i n e t i c s  

u s u a 1 . 1 ~  y i e l d  l i t t l e  infopmation about t h e  u l t i m a t e  a tomic  mechanisms in -  

volved i n  t h e  decomposition. The presence of t h e  product  NaBr i n  c o n t a c t  

wi th  u n r e a c t e d  NaBrO i s  be l ieved  t o  cause a e u t e c t i c  t y p e  of me l t i ng  above 
3 

about  3290~1, but  t h a t  t h i s  mel t ing  and decomposition occur  s imul taneous ly ,  

Th i s  is t o  be d i s t i ngu i shed  from ord inary  mel t ing  i n  t h a t  it O C C U F ~  below 

t h e  thermodynamic me l t ing  p o i n t  and t h e  decomposition occurs  concur ren t ly  

w i th  . -- p a r t i a l  mel t ing .  Hence, a t  about 32g°C., t h e  decomposition r a t e  r i s e s  

very  s h a r p l y  s i n c e  t h e  l i q u i d  s t a t e  of NaBr03 decomposes much f a s t e r  than  

t h e  bound s t a t e ,  

With t h e s e  no t ions  i n  mind one may examine t h e  r e s u l t s  o f  t h i s  exper- 

iment  w i t h  two p o i n t s  of view i n  mind: a )  t h e r e  is present  an  i n t e r f a c e  

where t h e  r e a c t i v i t y  is centered ,  and b )  a t  t h e  h i g h e r  tempera turesv  t h e  

p r e s e n c e  of a l i q u i d  phase must be included i n  t h e  d iscuss ion .  

SHAPES OF THE R AND Rf: VS TIME CURVES - 
Some o f  t h e  observed f e a t u r e s  of these  c u r v e s  a r e  t o  be expected 

w h i l e  o t h e r s  a r e  q u i t e  s u r p r i s i n g .  The Ii vs  t i m e  curve  is simply a repet i t i .on 



of a .simple t h e r m a l  d e c o m ~ o s i t i o n  s tudy,  but  t h e s e  experiments were not 

designed t o  ~ i e l d  a c c u r a t e  k i n e t i c s  of t h i s  decomposition but.merely t o  

provide a c o n t r o l  so as t o  o b t a i n  a comparison between the  decomgosition 

- 
of Bro3- and Br*O 

3 -  However, one f e a t u r e  is apparent t h a t  was never 

when t h e  k i n e t i c s  were measured by p l o t t i n g  oxygen evolved vs. 

t i m e s ,  namely, a j o g  i n  t h e  c u r v e  near  t h e  beginning of the  decomposition. 

T h e  most l i k e l y  c a u s e  i s  t h e  annea l ing  of t h e  r a d i a t i o n  products but it 

i s  s t r a n g e  t h a t  t h e  oxygen p r e s s u r e  p l o t s  never showed t h i s  e f f e c t .  The 

o v e r a l l  shape  a t  lower tempera tu res  is i n  agreement with previous measurenents, . 

as is  t h e  shape  at  h i g h e r  temgeratures .  

The Rfi v s .  t i m e  c u r v e s  a l s o  show, wi th in  very general  limits, the  

expected b e h a v i o r .  A s h a r p  i n i t i a l  r i s e  is followed by a plateau o r  

pseudo-pla teau.  A t  t h e  h i g h e r  temperatures t h e  occurrence of the thermal 

- 
decomposit ion of Bra0 (newly formed) g ives  r i s e  t o  the  observed drop 

3 . . 
i n  Rn a t  l a r g e r  times. 

The s u r p r i s i n g  f e a t u r e s  a r e  t h e  following: 1 )  dnere the  t e iz~era tu rc  

was h igh  enough, t h e  v a l u e s  of R and F:: -- always merged and within experi- 

mental  e r r o r  t h e  R and R?: v s .  t ime p l o t s  never crossed over a f t e r  be con in^ 

equa l  b u t  a lways f o l l o w e d  t h e  same va lues  u n t i l  t h e  end of the  ~ x ? c ~ i ; l ~ n t .  

Where t h e  t e m p e r a t u r e  and t h e r e f o r e  r e a c t i o n  r a t e  was too low to 0bset1vt? 

this merging,  t h e  s l o p e s  of t h e  R and R:: v s .  t ime curves indicated an 

eventual  join-up a n d ,  in fact ,  an P.rrhenius p l o t  of the  time t o  oer<Q, 

a c t u a l l y  observed  o r  extrapolat.ed, showed apparent activatioll  

n o t  t o o  d i f f e r e n t  from those  i n  Figure  7. 2 )  t h e  dasheJ ~ ~ ~ ' J ~ Y  

which one may assume t o  a t  least roughly r e p r e s e n t  S~ilard-Chalnct's 

a n n e a l i n g  a f t e r  decomposit ion is accounted f o r  is a t y p i c a l  such curvr 

except t h a t  t h e  a t t a i n m e n t  of 100% r e t e n t i o n  i s  Very unuwal. 



1 ARRHE1IIUS PLOTS 
I 
I 

i The a c t i v a t i o n  energy p l o t s  i n v a r i a b l y  sEow two d i s t i n c t  po r t ions .  
. - 

I Whether t h e s e  a r e  two c l a s s i c a l  s t r a i g h t  l i n e s  o r  merely a p l o t  of con- I 
t i n u o u s l y  i n c r e a s i n g  s l o p e  is a d i f f i c u l t  q u e s t i o n  to 'answer .  Much more 

I 
I 

d a t a  would be  r e q u i r e d  t o  y i e l d  an answer. However, it is  perhaps n o t  t o o  

s e r i o u s  a problem s i n c e  c i t h e r  case more o r  less al lows t h e  sameconclus ions .  

f o r  e a s e  of d i scuss ion  it w i l l  be assumed t h a t  t h e r e  i s  a higher  temperature 

/ r eg ion  of l a r g e  s l o p e  and a love r  one o f  much l e s s e r  s lope .  The l a r g e  s lope  I 
reg ion  h a s  p rev ious ly  been observed i n  t h e  NzBrOs thermal  decomposition 

( 1 )  
. 

s tudy  and roughly cor respo~lds  t o  t h e  same sloGc and t e n p e r a t u r s  range 

I .  observed here. Any d i f f e rences  night  e a s i l y  r e s u l t  from t h e  f a c t  t h a t  

I 0 
and t h e  Arrhonius p l o t  a t  about 340 C. s t ra igh- tened  out  i n t o  a d e f i n i t e l y  I 

I d i f f e r e n t  s t a r t i n g  m a t e r i a l  was used. I n  the therma.1 decomposition s t u d i e s  

I 
I mentioned, t h e  temperature range was extended beyonc! t h a t  used i n  t h i s  s tudy 

c l a s s i c a l  one correspcndinz t o  an  a c t i v a t i o n  energy of about 45Kcsl;mole. I 

1 

, 

T h i s  is  t h e  temperature reg ion  of r a p i d  l i q u e f a c t i o n  and w i l l  no t  be con- I 
sidered any f u r t h e r .  The "large slope" r e g i o n  was considered t o  r e s u l t  from 

t h e  m e l t i n g  o f  a e u t e c t i c  type  of mixture formed between t h e  product (bromide) 

and p a r e n t  (bromate) m a t e r i a l ,  The l a r g e  s l o p  was not considered t o  y i e l d  

a t r u e  a c t i v a t i o n  energy s i n c e  the  onse t  of  me l t i ng  must have an enormous I 
1 

enhancing effect on t h e  pre-exponent ial  factor. The l a r g e  s lopes  a r e  quoted 

i n  Kcal./nol.e merely for re ference  sake. 

i 
1 i 
1 It is apparent  t h a t  t he  a c t i v a t i o n  energies f o r  processes  measured by 

82 
t h e  l a b e l l e d  r e c o i l  B r  spec ies  are much lower  than  for  prscesses i ~ v o l v e d  

1 i n  t h e  bulk thermal  deconposition. Hot~cver ,  t he  shapes o f  t h e  h r rhen ius  I 

I 



CONCLUSIONS 

The original purpose of these experiments was to measure the dif- 
- 

ference, if any, between the decomposition rate of normal bulk BrO and 3 
- 

the Brf:o3 at the damaged sites. While the experiments do show different 

dRfi 
values of the linear regions of - dR and - one may not assume that 

- 
the re-formation of Br"03 is complete in this region. Hence it may equally 

dR dR:': well be assumed that - - > - - only because the Szilard-Chalmers 
d t d t 

annealing is not yet complete in this region. In other words, had the 

dR would be equal to annealing been complete before this linear region, - 
dRfi - -  - 
d t but since BrfiO are still being formed, their apparent decon!position 

3 - 
rate is slightly lower than the bulk Br03 rate. In fact this latter argu- 

ment appears to the author to be the more ~lausible one. On the basis of 

this argument however, the fact that the values of [R5 + (100-I?)], (the 

dashed curves) reach 100% is very significant. One may now focus attention 

on the lower temperature region at the time r.ihen[Rc: + 100-RI reaches 100%. 

The crystallites have undergone some thermal decomposition, and if the 

present picture of the latter is correct, all crystallites consist of 

bromate surrounded by the appropriate amount of bromide. However, the 

original recoil sites must have been homogeneously distributed throughout - 
- 

thk crystal. The re-formed Brz'03 originally in the region which is now 

bromide must also have decomposed (to ~r"-). Hence, the remaining unde- 

- - 
conlposed solid must consist of BrOg and Br"03 but no ~rc(since dis- 

solution of the whole system results in equal values of R and Thus 

the picture which emprges is a solid bromate crystallite in which the 

- 
' re-formation of Arfi03 goes to coinpletion well before thermal decomposition 

has disrupted the crystal. If true, this has significant bearing on both 



t h e  mechanisri! o f  thermal  decornpositiion a s  we l l  as Szilard-Chal.mers anneal ing.  

It now becomes i n t e r e s t i n g  t o  examine t h i s  p i c t u r e  i n  t h e  l i g h t  of t h e  

Arrhenius  p l o t s  . The Sz ilard-Chalmers annea l ing  and  t h e  thermal  decomposition 

BOTH show a v a s t  change i n  s lope  of t h e i r  r e s p e c t i v e  ~ r r h e n i u s  p l o t s .  , This - 
r e n d e r s  more than  l i k e l y  t h a t  whatever is caus ing  t h e  s lope  change . . f o r a t h e  

decomposi t ion is a l s o  respons ib le  for t h e  s lope  change of t h e  SziXard-Chalners 

a n n e a l i n g .  In  t h e  thermal  decomposition s tudy  it had been assumed t h a t  t h e  

Pre-mel t ing  p rev ious ly  r e f e r r e d  t o  was r e spons ib l e  f o r  t h e  sha rp  r i s e  i n  

slope. However, t h e  mel t ing  in t h e  temperature range of t h e s e  s t u d i e s  is 

o n l y  p a r t i a l ,  i . e .  t h e r e  is s o l i d  bromate and a l i q u i d  phase always present .  

The fact t h a t  some of t h e  bronate  is i n  the  l i q u i d  s t a t e  is thought t o  be 

r e s p o n s i b l e  f o r  t h e  v a s t l y  increased deconposi t ion r a t e .  This  must then  

a l s b  be  r e spons ib l e  f o r  v a s t l y  increased Szilard-Chalmers annea l ing  r a t e .  

The la t ter  process  however, is  bound t o  be homogeneous s i n c e  t h e  o r i g i n a l  

recoil fragments are homogeneously d i s t r i b u t e d  ( f r o n  the  o r i g i n a i  neutron " 

i r ~ a d i a t i o n ) .  I t .  appears  then t h a t  e i t h e r  t h e  p i c t u ~ e  of a  heterogeneous 

t h e r m a l  decomposition o r  a homogeneous Szilard-Chalmers anneal ing mus t  be 

in e r r o r .  

The quthor  b e l i e v e s  t h a t  the  heterogeneous p i c t u r e  o f  thermal  decom- 

p o s i t i o n  may.have t o  be modified. A poss ib l e  clue as t o  how t h i s  comes 
- 

about Is provided by t h e  fact t h a t  the  re-fomnation of BrCO goes t o  3 

Complet ion.  Such p e r f e c t  annealing is F i r e  and h a s  been d i f f i c u l t  t o  

j u s t i f y .  i n  t e r n s  of cu r r en t  t h e o r i e s . .  An answer is the p o s s i b l e  ex i s t ence  

of exchange r e a c t i o n s .  Suppose t h a t  a t  t h e s e  t e n p e r a t u r e s ,  t h e  sol id s t a t e  

exchange r e a c t i o n  
- 

BP' + R F O ~ -  8 ~ -  + R r O 3  



b e c o m e s  p o s s i b l e *  Such a r e a c t i o n  would eas i ly  explain the at te irzont  cf 
- a 100% re-formation of Br503 in t h e  s o l i d  s t a t e .  One need not even PC:- 

t u l a t e  t h a t  t h e  r e c o i l  s p e c i e s  is . Suppose the  species is nat bFo.:idc 

and i s  denoted by (BraX). The r eac t ion  

- 
(BrnX) f. B r O  -+ ( B ~ x )  + Bp"O - 

3 3 

m i g h t  occur bu t  t h e  r e v e r s e  Mould be unl ikely s ince  the chance of (Br9) 

- - m e e t i n g  a  Br:':O w i l l  be s m a l l  compared t o  i t s  meeting a  B r O  , and the 3 3 

l a t t e r  w i l l  cause  no o v e r a l l  changes. One is of course assuming f a i r ly  

r a p i d  d i f f u s i o n  and a minimal "cage" e f f e c t ,  which i s  not a bad assu-iption 

near t h e  melt ing p o i n t .  

The i n t e r v e n t i o n  o f  such  exchange react ions i n  the thermrll 6cco:;l.- 

p o s i t i o n  mechanism is a l s o  an i n t e r e s t i n g  poss ib i l i t y .  I t  is easy t o  

i m a g i n e  t h e  decomposition of a bromate ion a t  the surface of s b r o ~ ~ t c  

. . 
c r y s t a l l i t e .  It  is a l i t t l e  more d i f f i c u l t  t o  visual.ise t h i s  deca::;:osl?tf~:1 

1 
a* t h e  i n t e r f a c e  formed by t h e  two so l id s  (bromate and bromide). !:c::cvc:, 

one may suppose t h a t  broniide e a s i l y  formed a t  the surface un?,c?>:ces CX::.?:.:~ 

w i t h  bromate beneath t h e  surface. ~h~ net effect of such an excha::;;e iq 

I to c o n t i n ~ o u s l y  b r i n g  bromate  ions t o  t he  surface where s t e r i c  factor:; 

render more easy t h e  decomposi t ion.  Such a  mechanism has ( i n  e f f ec t )  ?ccll 

previously proposed f o r  t h e r m a l  decompositions but bas never been ts!:&n 

s e r i o u s l y  (1 ,6)  . The decomposition may then be described ncithcr as * ~ v : c < ~ : . r - ~ ' ~  

1 
Or heterogeneous bu t  as between the  two. I t  js a s  if th' fii.rn-w" 

p o s i t i o n  now permeates t h e  whole c r y s t a l  and a  bulk dis jntrrrnt io:  pr 
- 

A t  h iehes t  temperatures, t h e  presence of B r  throu~h.hlut t h ~  c?"F' '1  '..'" 
cause  a general ized bond loosen ing  and/or p a ~ t i a l  illel t i n% This .' i v tbr  "" 

to t h e  sudden increase in *lope  of the  Aprhenius plot  fo r  dccn:'.; mi'-'' .. " ' 
S z i ~ ~ ~ d - ~ ~ ~ ~ ~ ~ ~ ~  anne31inil, Since both processes involve y:*'ric ff.r'' :' 



bond p u p t u x ;  e t c .  

- 
. It is p o s t u l a t e d  t h a t  b o t h  t h e r a a l  decomposition and RF$:O annea l ing  3 

i n v o l v e  t h e  exchange r e a c t i o n .  The decomposition occurs  with much h ighe r  . 

a c t i v a t i o n  energy s i n c e  it invo lves  t h e  a d d i t i o n a l  ( d i f f i c u l t )  S t e p  of 

- 
d i s r u p t i o n  o f  BrOB . The exchange a l s o  involves  bond rupture but t h i s  is 

P a p t i a l l y  o f f s e t  by t h e  a t t r a c t i v e  energy between t h e  ~ r -  and t h e  oxygens 

of the bromate wi th  which it is exchanging. 

- 
The e x i s t e n c e  of a B r - / B r o 3  exchange r e a c t i o n  has been t e s t e d .  The 

i n s e r t s  i n  F igures  3 and 4 r e p r e s e n t  r e s u l t s  f o r  t h e  following exper inont .  

A f e w  mgs. (about  3 )  of ITaEr were i r r a d i a t e d  with neutrons and d i s so lved  

in a s o l u t i o n  c o n t a i n i n g  about  100 mgs NaBr03: The so lu t ion  was d r i ed  i n  

0 

oven a t  about  50 C. and t h e  r e s u l t i n g  powder given e x a c t l y  t h e  sane 

thermal t r ea tmen t  as t h e  i r r a d i a t e d  '"JaRrO i n  t h e  main experiments descr ibed 
3 

above, i . e .  samples a r e  trit1ldpaih.n fronl a  constan"; temperature oven a t  d i f -  

f e r e n t  t imes .  It was ,found t h a t ,  although t h e  s o l i d  i n i t i a l l y  con ta ins  only 

- - 
82~P':- and B r 0 3  , t h e  thermal  t r r a i n e n t  r e s u l t s  i n  t he  f o r r a t i o n  of 8 2 ~ ~ * ~  3 

t h e  f r a c t i o n  of which i s  s h o w  i n  t h e  i n s e r t  as a funct ion of t ime.  Apparently 

the r e a c t i o n  

- - - 
BY:*: + ~ p 0 ~  "3 BP- + Brf:03 

Ocaurs. Mote t h a t  t h e  tempergtune corresponding t o  t h e  i n s e r t e d  graphs a r e  

c l o s e  t o  t hose  used i n  t h e  main experiment on t h e  same graph. 
- 

T h i s  experiment proves t h a t  BY exchanghs with BrO i n  t h e  s o l i d  3 

s t a t e  b u t  does not  proceed as r ap id ly  a s  t h e  r e a c t i o q  of r e c o i l  B r  species .  

Hotiever t h e  hature of t h e  spec ies  is  unkr?o;.in. It may no t  be bromide 

OF i f  it is bpo;nide it nay be s i t u a t s d  at an e s p 2 c i a l l y  r e a c t i v e  s i t e .  It 

may be a bromide con ta in ing  species t h a t  i s  rnuch mcre capable o f  exchange with 

broinate t han  i s  hro:gide i t s e l f -  and yie lds .  brurnide lun upon dissolution. 



15. 

c lear ly  ~ m c h  more work is  needed, but  it seems l ike ly  tha t  :i.,.r ,! 16.c - 

p o s i t i o n  and Szi lard-Chalmers  anneal ing reac t ions  may throw l l c h :  u: .,:. ,...(. , 

o t h e r s  mechanisms. The s imple exchange of B r -  and B ~ o ~ '  is p r c ~ c : : t i ~  i ,.::.;, 

s t u d i e d  i n  t h i s  l a b o r a t o r y .  Probably the  data  on the variatiorl of sur?, $1 

r e a c t i o n  with t empera tu re  as t h e  s o l i d  passes through varioxs s tazry  of F r r  - 
I mel t ing  might a l s o  throw some l i g h t  .on t h e  a s  yet  very l i t t l e  un?cr;tor? 

mel t ing  process .  
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