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In this work we theoretically show behaviors of ring currents in a non-planar 

Chiral aromatic molecule with two phenol rings combined with a single chemical bond. 

We remark that this talk is a continuous one of previous talk (3E06):  

Quantum switching of –electron dynamics in optically induced nonplanar chiral 

aromatic molecule (P)-2,2’-biphenol, and use the same molecule.  

 The electrodynamics induced by a pulse laser ( )E t


 can be calculated by 

solving the equations of motions of the density matrix:  
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 is the transition dipole moment operator. 
 is angular 

frequency difference between two electronic states  and. The angular momentum 

and ring current are given as the expectation values in terms of density matrix elements: 
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electron operator. The angular momentum is calculated with the operator 
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 with d dS   where Kn  is a unit vector 

which is perpendicular to a ring K, dS represents an integral over a surface S. 

The electronic angular momentum and the resultant ring current are created by 

a coherent excitation of two electronic excited states using the pulse laser. These 

electronic states belong to C2 point group which have A and B representations. As is 

similar to a previous talk, in this molecular system we have three electronic excited state 

a(A), b1(B) and b2(B), and by changing the laser frequency we obtain two coherently 

excited states a,b1 (b1,b2) which belong to different (same) symmetries. The created 

ring current at each chemical bond oscillates back and force by a periodicity which is 

given by the inverse of the energy gap between two coherently excited states.  

In Fig. 1 we show the directions of initially created currents by shining 
( )

1ab
e or 

( )
1 2b b
e  where two coherently excited states are “in-phase”. From this figure we find that 

current or angular momentum transfer through the bridge chemical bond C1-C7 only 

occurs if two coherently excited states belong to a different representation as is shown 

in Fig. 1(a). In this case the directions of ring currents and angular momenta on both 

sides of phenol rings are toward opposite direction. On the other hand if two coherently 

excited states belong to a same representation B shown in Fig. 1(b), the directions of 

ring currents and angular momenta on both sides of phenol rings are toward same 

directions i.e., the created ring currents and angular momenta on both sides behave in a 

same manner.  

(a) a, b1 excitation       (b) b1,b2 excitation 

 
Fig. 1 Behaviors of the ring currents are plotted where the two coherently excited states 

are “in-phase”. 
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