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Using a free electron model for the s-electron system in aromatic hydrocarbons the s- 
electron susceptibility due to Langevin diamagnetism and Van Vleck High frequency para- 
magnetism (H. F.) have been calculated. The H, F. term has been found to increase rapidly 
with the ring size. 

Mit Hilfe eines Modells freier Elektronen f/Jr das ~-Elektronensystem in aromatischen 
Kohlenwasserstoffen wird der Langevinsche diamagnetische Antcil und der Van Vlecksche 
paramagnetische Beitrag zur ~-Elektronensuszeptibilit~t berechnet. Dabei finder man, dab 
letzterer mit der RinggrSBe schnell w~chst. 

Au cadre du module de l'electron libre, la susceptibilit6 z-61ectronique des hydrocarbures 
benz6niques due au diamagn6tisme de Langevin et au paramagn6tisme de Van Vleck (H. 1+.) 
a 6t6 ealcul~e. Le terme H. F. s'agrandit rapidement avec les dimensions de la mol6cule. 

F o r  a po lya tomic  molecule wi th  effective spin q u a n t u m  number  zero the  
magnet ic  suscept ib i l i ty  is g iven b y  [5] 

Ne2' Z ~ +  ~e2 v I P(~',~)l 2 - -  �9 (l) 
Zmol --  6 mc 2 6 m 2 c 2 ,~,~ h v (n', n) 

The first t e rm  is the  Langev in  con t r ibu t ion  which is responsible  for the  dia- 
magne t i sm of all molecules while the  second t e rm  is the  Van  Vleck High  Fre-  
quency (I:I. F . )  con t r ibu t ion  and  is responsible  for the  t e m p e r a t u r e  independen t  
p a r a m a g n e t i s m  of  molecules.  F o r  most  organic  molecules the  H.  F.  t e rm  is ve ry  
small  b u t  is no tor ious ly  difficult  to ca lcula te  theore t ica l ly .  Recen t ly  the  Free  
E lec t ron  model  of  RV~Dr=~B~G and  PA~R [3] has  been used b y  BAsu [1] to  
calculate  the  double t  sp l i t t ing  in hyd roca rbon  ions. This model  is ve ry  well 
su i ted  for the  calculat ion of bo th  the  Langev in  t e rm  and  the  H, F.  t e rm  in the  
u-e lec t ron  suscept ib i l i ty  of a romat ic  hydrocarbons .  

The  unsa tu r a t i on  electrons in a romat ic  molecules are assumed to move  in a 
circular  orbi t  of rad ius  R (A) in an axia l  po ten t i a l  field given b y  

V~ = �89 ~ 

h 2 1 
V r  - 8 z 2 m 4 R 2 a 2 [ (R / r )~  + ( r / R ) 2  - -  2] (2) 

and  Vv : 0 

where k and  c~ are  two pa r ame te r s  to  be de t e rmined  f rom expe r imen ta l  da ta .  The  
al lowed energy levels of an electron in such a po ten t i a l  field m a y  be given as 

E : E z  + E r  + E~o (3) 
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w h  e r e  

h (k/m) } nz = t, 3, 5, etc. (4) Ez = (nz § � 8 9  

(since z-electron wave function must  have a node in the molecular plane) 

h 2 
E r =  (nr+ 1) 8n 2mR ~a ~ ' nr=O,  2,4, etc. (5) 

and 

where 

~b 2 
E+- S~mR~12 ! (~2 l  2), l •  _+ i, _+2, etc. (6) 

i.~- 2 C~ 212/ (~2/2) = (1 - -  4~212) 2 (7) 

The wave function of an electron in such a system is given as 

H ( ~ z )  being a Hermi t  polynomial  and F ((Cr)  is also a polynomial  given by  

0~r 

F (V~r) = (V~r),)2 a~ (V~r)~ (9) 
u=0 

where 

~ ] 2 = _ _ §  1 2 , K _  a n d C =  (t0) 
4 a 2 h a 2 R ~ 

Assuming tha t  the long wave length absorption spectra in aromatic  hydrocarbons  
arise from the electronic excitation in the E~ levels [3], ~ was est imated to be 
about  0.0925. Similarly associating the absorption band  near i000 A with the 
excitation in the Ez levels k was est imated to be about  10 -18 gm/cm 2 expressing 
the f requency in cm -1. 

Since ~ is small it can be shown tha t  r 2 ~ R 2, which enables as to estimate the 
Langevin term in (t) very  easily f rom the radius of  the ring. For  the g .  F. t e rm 
in (1) it can be shown tha t  

P~ (n, n) = Z P (n, n') P (n', n) = Z I P (~" 3) ]2 

where n = nz § nr § 1. The separation between the Ez and the Er levels are 
much  larger than  those between E~ levels [1]. So in most  cases of  interest to us, 
the lowest Ez and Er level will be occupied and the E~ levels will be filled by  elec- 
t rons progressively two per level, from l = 0 onwards, in the ground state of  the 
molecule. 

The variable denominator  ~ (n ~, n) in H. F. t e rm was replaced by  a constant  
ul, where ~1 is a sort of  mean absorpt ion f requency [5] which was est imated from the  
7~-eleetron polarisability using the relation ~ - e2/4n 2 m u~. I n  the evaluat ion of  
the expectat ion value of  p 2 =  

the integrat ion over the z and ~ were performed analyt ical ly bu t  t ha t  over r was 
carried out  numerical ly (approximately).  The radius of  the ring was determined by 
usual area approximat ion [1]. 
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In  the table are summarised the calculated values of  the various terms in the  
equat ion (i) for rings of  various sizes. 

Table. Magnetic susceptibility o/aromatic hydrocarbons 

number of 
rings a= [4] 

one 4t x t0 -2s 
two 77 
three 125 
four 153 

v, (Rydberg 
unit) 

0.36 
0.27 
0.2i 
0.t9 

R (A) 

t.32 
1.78 
2.18 
2.58 

Langevin 
term 

- 3 9  x 1 0  - 6  

-143 
-300 
-457 

It. F. term 

2.2 x t0 -6 
26.t 
69.4 

160.2 

Exp. Zmol 

54 x 10 -6 
146 
223 
218 

Although we m a y  not  a t tach  much  importance to the absolute magni tude  of  
the susceptibility values calculated the present analysis shows tha t  the H.  F. 
te rm increases ra ther  rapidly  as the ring size is increased thereby reducing 
considerably the diamagnet ism of the molecule calculated b y  the  Langevin te rm 
alone. 
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