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SPECTROSCO'Y LETTERS , 4 (7) , 213-215 (1971) 

VACUUM ULTRAVIOLEl' SPECTH[IDI OF THE SO RADICAL 

Key Words: Vacuum U l t r a v i o l e t ;  SO r a d i c a l .  

R.J. Donovan and D . J .  L i t t l e  

Department o f  Chemistry, 

West Mains Road, 
U n i v e r s i t y  of Edinburgh, 

Edinburgh, EE9 JJJ 

A B S T F X T  - Previous work on t h e  vacuum u l t r a v i o l e t  spectrum o f  t h e  

SO r a d i c a l  i s  r e i n t e r p r e t e d  and s e v e r a l  new t r a n s i t i o n s  repor ted .  

The p h o t o e l e c t r o n  spectrum (P.  E. S. ) o f  t h e  SO r a d i c a l  h a s  
1 

r e c e n t l y  been repor ted  

g iven  as 10.34 eV. Previous work on t h e  vacuum u l t r a v i o l e t  spectrum 

of  t h i s  r a d i c a l  had i n d i c a t e d  a n  approximate i o n i s a t i o n  p o t e n t i a l  

i n  reasonable  agreement wi th  t h i s  and had al lowed a r e i n t e r p r e t a t i o n  

and t h e  first i o n i s a t i o n  p o t e n t i a l  ( a d i a b a t i c )  

2 

of  two  e a r l i e r  r e s u l t s ,  a l l  of  which now a g r e e  w i t h i n  experimental  

e r r o r .  However, t h e  assignment of  t h e  s h o r t e s t  wavelength 

t r a n s i t i o n  i n  the SO spectrum now r e q u i r e s  r e v i s i o n ,  i n  view o f  t h e  

more p r e c i s e  photoe lec t ron  d a t a .  We h e r e  d i s c u s s  t h e  reassignment 

1 9 2  

2 

and r e p o r t  some new t r a n s i t i o n s .  

The SO r a d i c a l  w a s  produced by f l a s h  p h o t o l y s i s  o f  SO, i n  t h e  

presence o f  a large excess  o f  d i l u e n t  

PHe = 53.2 kNm-'). 

descr ibed  previous ly .  Only a small f r a c t i o n  of t h e  SO2 was 

gas (PS02 = 13.3 Nm-'; 

The experimental  arrangement used,  has been 
2 
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R. J. DONOVAN AND D. J.  LITTLE 

photolysed,  however, t h e  spectrum o f  t h i s  molecule  i s  l i m i t e d  t o  

r e l a t i v e l y  narrow r e g i o n s  f o r  wavelengths greater t h a n  I 3 0  nm, and 

t r a n s i e n t  s p e c t r a  could be observed without  undue i n t e r f e r e n c e  by 

t h e  p a r e n t  molecule. In a d d i t i o n  t o  t h e  spectrum o f  t h e  SO r a d i c a l ,  

numerous t r a n s i t i o n s  a r i s i n g  from atomic su lphur  (PP ) were observed 

and presumably r e s u l t  from secondary p h o t o l y s i s  of  t h e  SO r a d i c a l .  

T r a n s i t i o n s  a r i s i n g  from a tomic  oxygen would be obscured by  emiss ion  

l i n e s  from our continuum s o u r c e  and were t h u s  not observed.  

The S O ( D c X )  t r a n s i t i o n  has been d e s c r i b e d  p r e v i o u s l y  

a t t r i b u t e d  t o  the promotion o f  a -n*jp e l e c t r o n  t o  a 4s Rydberg 

s ta te  a s s o c i a t e d  w i t h  t h e  s u l p h u r  atom. 

f o r  t h e  i o n i s a t i o n  p o t e n t i a l  from P.E.S. 

d e f e c t  o f  6 =2.06 i s  found,  which i s  c l o s e  t o  t h a t  observed f o r  t h e  

same s e r i e s  i n  a tomic su lphur ,  and t h u s  confirms t h e  p r e v i o u s  

assignment. 

i s  v e r y  s imi l a r  i n  appearance t o  t h e  ( D t X )  t r a n s i t i o n  and was 

a t t r i b u t e d  t o  t h e  second member o f  t h e  n s  Rydberg s e r i e s .  

However, i t  i s  now c l e a r  from t h e  P.E.S. d a t a  t h a t  t h i s  t r a n s i t i o n  

J 

2 

and 

Using t h e  v a l u e  obtained 

a v a l u e  f o r  t h e  quantum 
1 

2 
The second t r a n s i t i o n  a t  approximately 147 nm ( E c X )  

2 

i s  more reasonably  ass igned  as t h e  first member o f  t h e  nd Rydberg 

s e r i e s  w i t h  $ = 0.3 ( t h e  corresponding d e f e c t  i n  a tomic s u l p h u r  i s  

6 = 0.3).  

- - -wX3p(3d)  both  g i v e  r i s e  t o  "m e l e c t r o n i c  states,  t o  which 

t r a n s i t i o n s  from t h e  g round  s t a t e  (X ' z - )  would  be  f u l l y  a l lowed.  

The s i m i l a r i t y  i n  appearance between t h e  D c X  and E c X  t r a n s i t i o n s  

may t h u s  be accounted f o r ,  and t h e  prev ious  d i s c u s s i o n  o f  s p i n  

o r b i t  coupl ing  r e t a i n e d  t o  i n t e r p r e t  t h e  observed s t r u c t u r e .  

I The e l e c t r o n i c  c o n f i g u r a t i o n s  --- TI 3p(4s) and 

The new t r a n s i t i o n s  r e p o r t e d  h e r e  are  c o l l e c t e d  i n  t a b l e  1 ,  

t o g e t h e r  w i t h  t h e  c a l c u l a t e d  v a l u e s  f o r  t h e  quantum d e f e c t s .  
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VACUUM ULTRAVIOLET SPECTRUM OF THE SO RADICAL 

TABLE 1 

N e w  T r a n s i t i o n s  o f  SO 

142. 70,403 2.09 

141.37 70,736 2.06 

140.68 71 ,083 2.02 

158.86 72,015 1 .yo 

* e r r o r  i n  wavelength measurements, +O.O5nm. 

The t h r e e  bands between 140-142. nm a r e  most reasonably  ass igned  

t o  t h e  s p i n - o r b i t  components a r i s i n g  fron t h e  second member o f  the  

ns Hydberg s e r i e s  ( n  = 5). 

s i g n i f i c a n t l y  l e s s  t h a n  t h a t  o f  t h e  f i r s t  memberj however such  e f f e c t s  

a r e  commonly encountered i n  Kydberg s e r i e s .  It was not  p o s s i b l e  

w i t h  t h e  r e s o l u t i o n  a v a i l a b l e  to determine whether  t h e  bands e x h i b i t  

The i n t e n s i t y  o f  t h e  t r a n s i t i o n  is 

d i s c r e t e  r o t a t i o n a l  s t r u c t u r e .  The s p i n - o r b i t  s p l i t t i n g  i s  c l e a r l y  

g r e a t e r  t h a n  t h a t  observed i n  t h e  D+-X system and i n d i c a t e s  a 

tendency towards ( R.,w) coupl ing .  s i m i l a r  t o  t h a t  observed f o r  5, 

i n  t h i s  reg ion .  The weak band a t  138.86 mi may be  a s s o c i a t e d  with 

t h e  ( 1 , O )  t r a n s i t i o n  o f  t h e  same system. 

3 

REFERENCES 

1 )  N. Jonathan,  Chem. Phys. L e t t . ,  i n  p r e s s .  

2) R. J. Donovan, D. Husain and P.T. Jackson, Trans. Paraday S o c .  a, 29jO (1969). 

- 66, 1 ,  (1970) .  
3 )  R . J .  Donovan, D .  Husain and C.D.  Stevenson, Trans. Faraday SOC. 

21 5 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
3
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


