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Free Electron Model and Photoionization of ~-Electrons 
from Aromatic Hydrocarbons 

By 
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Using the flee electron wave function it has been shown that the propability of photo- 
ionization of a ~-electron from aromatic hydrocarbons should be maximum if the incident 
photon has energy sufficient to ionize and to leave an additional momentum p = 1/5K~/2 
to the escaping electron. This momentum further appears to be independent of the ring size. 

Mit Hflfe der Wellenfunktionen des Modells freier Elektronen wird gezeigt, dai~ die Wahr- 
scheinlichkeit fiir die Photoionisation eines ~-Elektrons aus einem aromatischen Kohlen- 
wasserstoff maximal sein sollte, wenn das auftrcffende Photon eine Energie mitbringt, die 
ausreicht, um die Ionisation herbeizufiihren nnd auf das Elektron ein zusatzliches Moment 
p = ~/5 Kh2/2 zu fibertragen. Dieses Moment seheint unabhangig yon der RinggrSBe des 
aromatischen Systems zu sein. 

Employant la fonction d'onde de l'~lcetron libre, on montre que la probabilit6 de photo- 
ionisation d'un 61ectron ~ des hydrocarbures aromatiques devrait ~tre maximale si le photon 
incident a l'~nergie pour rendre un 61ectron libre ~ ~0 = V5 K~2/2 de moment. Ce moment ne 
semble pas d6pendre du p6rim~tre du syst6me cyclique. 

Al though  the  ioniza t ion  poten t ia l s  of a number  of  a romat ic  hydrocarbons  have  
been de te rmined  b y  photo ioniza t ion  method ,  [4] the  photo ion iza t ion  process i tself  
has  been ve ry  l i t t le  s tud ied  ei ther  exper imen ta l ly  or theore t ica l ly .  Theore t ica l  
analysis  is g rea t ly  h a m p e r e d  because of  the  incompleteness  of our knowledge of 
molecular  wave  functions.  Of la te  free electron wave  funct ions  for the  n-e lect rons  
have  been successfully used in the  calcula t ion of  magne t ic  suscept ib i l i ty  of  aro- 
ma t i c  hydroca rbons  [1] and  the  double t  sp l i t t ing  in hyd roca rbon  ions. [2] The  
objec t  of the  presen t  inves t iga t ion  was to  use free e lect ron wave  funct ion  in the  
analysis  of  photo ion iza t ion  process of  ~-electrons  f rom a romat ic  hydrocarbons .  

The  pe r t u rba t i on  energy of  a charge s of veloci ty  v near  z = 0 in  the  field of  
l ight  wave  t ravel l ing  in the  z-direct ion and  x-polar ized is given b y  

assuming t h a t  the  inc ident  l ight  waves of  f requency  co are so long t h a t  t h e y  are  
p rac t i ca l ly  cons tan t  in phase  over the  in i t ia l  o rb i t  of  the  electron to  be l ibera ted .  
Le t  the  wave  funct ion in t he  ilfitial s ta te  be T~. I n  the  final s ta te  the  e lect ron m a y  
speed a w a y  wi th  a m o m e n t r u m  p in a d i rec t ion  O wi th  respec t  to  x-di rec t ion  so 
t h a t  ~ = p cos O. The ~r/-function of the  final s ta te  normal i sed  to  u n i t y  is t hen  
wr i t ten  as 

~ f  = (vol)~ (2) 
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in a given volume, assuming tha t  in the photoionization process the energy and the 
z-component of the angular momentum is conserved. The matr ix  element of U / 
between the two states becomes 

t 
Uif = f T~ U / •y dT . (3) 

Now pr  = pr  cos 0 (in polar coordinate) = pz  (in cylindrical coordinate). I f  we use 
for ~//i the wave function given in the previous paper [2], i.e. 

1 
~ = N K  ~ z e -  Kz~l~ C~I2 r~ e -oral2 e il~ (4) 

then the integration (3) can be performed in cylindrical coordinate yielding 

7 

The probabili ty per unit t ime of the ionization process is given by the general 
formula [3] 

= t (6) 

where ~E is the density distribution of the final states for free particles of energy E 
and momentum p in a large volume (vol) and is given by 

4g#p 
eE = ~ - -  (VO]) . (7) 

I f  we consider only the escaping electrons in the direction of a solid angle dD, we 
have to replace r  by  d~. The differential probabili ty of the electron escaping with 
momentum p in the solid angle ~D during t thus becomes 

9 
c ~  C~) COS 2 0  ~ 2~+6 ~ ] E o 12/'(~12+1) p5 e-p~/kh~ 

= ~ ( s )  

C F ( r / + l )  h 6 ]c ~ 

The differential cross section for the process of photoionization is ( ~  divided by 
ct I E ~ 12 

the number  of photons incident per cm 2 during t, namely 8-~ ~o~- " The total 

4z  
cross section ~ is obtained by writing ~ -  in place of 5~2 cos ~ O, yielding 

9 
~ 2 ~2 2'~+ez2 J~('~l~+~) P~ e - p ~ l ~  (9) 

3 #~oc C F(~+I ) h~k- ~ 

The probabili ty of ionization, eq. (6), has a rather sharp maximum for p = ~/-~ K h  2, 

tha t  is when the incident photon is large enough not only to ionize but  also to 
leave an additional momentum = ~ K h  2 to  the escaping electron. Further  since 

the the additional momentum depends on K which is equal to ]/4~--~m~- and is 

independent of the size of the ring, this should be constant for hydrocarbons of 
any size. 

From the values of ]r given in the previous paper [1], the kinetic energy of the 
escaping electron (p~/2 ra) is estimated to be about 8 ev. The orbital energy of an 
electron (whose magnitude is equal to the ionization energy) is given as 
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E = E z  + E r  + E~ 

3 h ~ / T  h 2 h 2 

: 2 " ~ V m  + 8 ~ m R ~ o ~  + 8 ~ 2 m R  2 l~f(~l~)" " 

which for the  t o p m o s t  filled level of benzene comes out  to  be abou t  14 ev. Thus 
we conclude t h a t  the  photo ioniza t ion  p robab i l i t y  of an electron f rom the  t o p m o s t  
filled level of benzene is m a x i m u m  when the  incident  pho ton  has  energy sufficient 
to  ionize the  molecule and  leave 4/7 th  of the  ioniza t ion  energy to  the  escaping 
electron as kinet ic  energy. 

I t  is to  be r embered  t h a t  the  free electron model  is stil l  an one e lect ron approxi -  
ma t ion  and the  conclusions m a y  hold a p p r o x i m a t e l y  for the  ionizat ion of a z -  
e lectron f rom the  t opmos t  filled orb i ta l  only.  Fu r the r ,  the  free electron model  is a 
poor  app rox ima t ion  for absolu te  energy calculat ion as will be evident  f rom the  
ca lcula ted  ioniza t ion  energy of i4  ev as compared  to the  exper imenta l  value  of 
abou t  ~0 ev. 
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