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2 .  

I n  radiation c h e m i s t r y  the cus tomary  situation is that  a charged  
par t ic le  with energy i n  the MeV range is slowed down in m a t t e r  and, i n  
the  course  of such dece lera t ion ,  exci tes  some molecules  and ionizes  o thers .  
The ult imate fa te  of t he  ini t ia l  charged par t ic le  is of l i t t le  consequence 
compared  to the many p r o c e s s e s  which i t  in i t ia tes  but that ini t ia l  par t ic le  

< 

I 

I 
l i s  actually respons ib le  f o r  ini t ia l  exci ta t ions and ionizations which amount 

to  about one-quar te r  of the total number,  of such processes .  The coro l la ry  1 
I statement  is tha t  about t h r e e - q u a r t e r s  of all the effects observed  a r e  

attr ibutable to  the act ion of secondary (and, to a very  s m a l l  extent, t e r t ia ry)  
charged par t ic les .  Roughly, these  pa r t i c l e s  have  in i t ia l  energy,  ti, averaging -, / 
about 75 eV. 

addition to excitations) only so  long as they have energy,  L, i n  excess  of 
the  ionization potential, I ,  of the spec ies  which they t r ave r se .  A convenient 
value f o r  I is about 10  eV. When E becomes < I, the  only p r o c e s s e s  which 
can  occur  significant fo r  radiation c h e m i s t r y  a r e  e lectronic  excitations to  
s inglet  o r  t r ip le t  s t a t e s .  
the excitations a r e  optically disallowed (i. e . ,  main ly  t r iplet) .  
chemis t ry  about ? x 
with about that  amount of energy. 

the electrons s t a r t  wi th  about z e r o  energy and r a r e l y  at ta in  a n  energy i n  
excess  of 5 eV and much m o r e  r a r e l y  in  excess  of the  ionization potential. 
It has been one of t he  important  problems of e lec t r ic  d i scharge  chemis t ry  
to de te rmine  how molecules  a r e  exci ted to  chemical ly  act ive levels  and 
how ionized spec ies  a r e  produced. According to s o m e  theore t ica l  views 
most  of the e lec t rons  cause  optically forbidden excitations o n  the f i r s t  
opportunity and i t  might  appear  that chemica l  effects  s imply could not be 
observed.  
significant number of molecules  a r e  exci ted to sufficiently high s t a t e s  so 
that  c h e m i s t r y  resu l t s .  F u r t h e r m o r e ,  some of them, in  number  adequate 
fo r  maintenance of the  discharge,  a r e  excited up to  ionization potentials. 
Thus,  in this  c a s e ,  ~i i s  initially approximately z e r o  and might  appear  not 
to exceed v e r y  low energ ies ;  e. g . ,  E ~ ,  corresponding to  the  lowest t r iplet  
state. Yet, high exci ta t ions and ionizations do occur .  

Two views m a y  be employed to  account for  this  di lemma.  
presented i s  oversimplif ied and e lec t rons  i n  significant quantity attain 
energ ies  i n  excess  of 7 eV. Alternatively,  it  w a s  suggested initially by 
Magee and Burton' t ha t  e lec t r ic  d i scharge  chemis t ry  is c h a r a c t e r i z e d  by 
a s e r i e s  of s u c c e s s i v e  excitations by low-energy electrons in  optically 
forbidden s t eps  to higher  and higher leve ls  with u l t imate  a t ta inment  of 
levels  adequate fo r  production of a chemica l  effect - or even  of ionization. 

In discharge c h e m i s t r y  a local  t e m p e r a t u r e  m a y  be r a i sed  as high a s  
1000°C, whereas  the  usual  dosage leve l  used i n  the  basic r e s e a r c h  of 
radiation c h e m i s t r y  is so low tha t  the  t e m p e r a t u r e  i n c r e a s e  c a n  be of the 
o r d e r  of a few d e g r e e s  C even i f  the  en t i re  energy input is converted to 
t h e r m a l  energy.  T h i s  difference is not a t r i v i a l  one,  because t h e r m a l  

The secondary charged par t ic les  c a n  c a u s e  fur ther  ionizations (in 

When 6 becomes < 5 eV the  m a j o r  portion of 
F o r  radiation 

o r  5% of all the  phenomena a r e  initiated by par t ic les  

I n  e lec t r ic  d i scharge  p r o c e s s e s ,  i r r e spec t ive  of the voltage employed 

4 75 

Never the less ,  they a r e  observed  and the  fact  m u s t  be that  a 

The  theory 

The ro l e  of t h e r m a l  energy  is somewhat  different  i n  the  two fields. 
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energy and electronic .energy .(in t,he f o r m s  of excitation o r  ioniz,ation) do 
not exist a s  independent sourc-es of energy for, chemical  react ions;  the ! 

ef fec t  a r i s ing  f r o m  a combination of the  two.,forms ,of energy is not a ,, .. . 
simple sum of the two effects when each  s o u r c e  ac ts  a lone ... $'he detai l  
Of the interact ion between t h e r m a l  and electronic  energ ies  is not known. 
The qualitative picture ,  however,  i s  fa i r ly  wel l  understood. 
r a t e  of energy conversion f r o m  the electronic  to the t h e r m a l  form (radiation- 
l e s s  t ransi t ion o r  energy degradation) i n c r e a s e s  as the t e m p e r a t u r e  
increases .  
chain reaction. 

i n  the spacial  distribution of excited and ionized spec ies  initially formed 
in  each field. 
uniform as a na tura l  consequence of the high penetrating power .of the 
impinging radiation and highly random nature  of the energy  lo s s  processes .  
The local  inhomogeneities of energy deposit ion a r e  submicroscopic  in  s ize  
and cannot be conveniently conceived as local  regions of abnormal  
tempera ture .  
theor ies  of the  u s u a l  radiat ion chemis t ry .  
discharge tube, e lectronic  excitation and ionization a r e  somewhat  confined 
to  cer ta in  pa r t s  of the  tube (negative glow and posit ive column).  
e lectronic  excitation p r o c e s s e s  a r e  general ly  accompanied by vibrational 
excitation (because of the  Franck-Condon.principle), the  t e m p e r a t u r e s  of 
these  regions a r e . a l s o  expected to  be higher  than those of the  r e s t  of the  
system. 
t ranslat ional  motions of molecules  can be ignored. 

density of excitation is not rea l ly  unique to  e lec t r ic -d ischarge  chemistry.  
Under ex t remely  high dose  r a t e  with cer ta in  charged spec ies  (par t icular ly  
heavy par t ic les  such a s  f i ss ion  f ragments ) ,  it is probable  that a similar 
situation has  significance in  the  radiation chemis t ry  of unusual  sys tems.  

A r a the r  obvious fea ture  of radiation chemis t ry ,  which cannot be 
found in  discharge chemis t ry  i s  the fac t  that  the impinging energy  is 
theoret ical ly  sufficient to exci te  the molecule  to a level  w h e r e  multiple- 
bond dissociation and mult iple  ionization a r e  possible.  
have indeed been observed,  but the i r  contribution to  the total  chemica l  
e f fec t  of high-energy radiat ion tu rns  out to be negligible. The role  of 
highly excited s t a t e s  o r  excited ionized s ta tes  i n  the physical  aspec t  of 
radiation chemis t ry  (energy o r  charge  t r a n s f e r  processes)  is f a r  f r o m  
being negligible. 
alone a r e  the ini t ia l  products  of excitation i n  e lec t r ic -d ischarge  chemistry.  
In the la t te r  c a s e  higher s t a t e s  appear  to  resu l t  f r o m  success ive  excitation 
exclusively and, under ce r t a in  conditions of chemica l  react ivi ty ,  any 
presumptive substant ia l  ro le  of such s t a t e s  i n  the c h e m i s t r y  of discharge 
p r o c e s s e s  can be completely excluded - at leas t ,  .on a speculat ive bas i s .  

Radiation chemis t ry  m a y  be studied i n  s y s t e m s  of any degree  of 
aggregation f r o m  highly attenuated m a t t e r  (as in  in t e r s t e l l a r  space)  to 
liquids o r  sol ids  under high compress ion .  

Namely, the 

Thus,  the process  has  the  cha rac t e r i s t i c s  of a n  explosive 

The m a i n  reason  for  th i s  difference is at t r ibutable  to  the difference 

In radiat ion chemis t ry  the distribution is m o r e  o r  l e s s  

The "hot spot' li idea has  l i t t le  significance in  modern  
On the  other  hand, in  a 

Since 

The d i rec t  t r ans fe r  of e lec t ron  energy  to vibrat ional  o r  

On the o ther  hand, the  coexistence of high t e m p e r a t u r e  and high 

These,  effects 

By cont ras t ,  it would appear  that  lower exci ted s ta tes  

Studies in  e lec t r ic -d ischarge  
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chemis t ry  s e e m  l imi ted  essent ia l ly  to  g a s e s  o r  to  interface.s involving 
gaseous  s y s t e m s .  In radiation chemis t ry  a major ,quest ion.  is why, i n  
spi te  of the init ially high energ ies  involved, t h e  chemica l  effects a r e  as 
specif ic  a s  observed .  In e1ectri .c-discharge chemis t ry ,  by cont ras t ,  a 
v e r y  important  ques t ion  i s  why chemica l  effects  a r e  a t  all observed  and 
why they a r e  observed  in  the high yields  reported.  
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