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Computational chemistry has emerged as an important tool to explain experimental 

observations and develop theories and intuitive concept to predict helping in the design of new 

chemical systems to save reactants and time. In the field of photochemistry the role of 

computational chemistry is of great interest, but especially difficult because in photochemical 

processes different excited states are involved and a good description of them and their 

interactions require accurate and expensive computational methodologies.  

In the work presented here we study the photoisomerization mechanism of azobenzene. This 

mechanism has been widely studied, but some questions still remain unanswered. Azobenzene 

shows two stable isomers (trans and cis) that can be switched through different pathways. Cis 

to trans isomerization can be carried out both thermically and photochemically, while the trans 

to cis isomerization only takes place photochemically due to the higher stability of the trans 

isomer. Photoswitching is not exclusive for azobenzene, it is characteristic for all azo 

compounds. This property gives them a wide range of potential applications.[1,2] 

The mechanism for the isomerization from trans- to cis-azobenzene has been studied for a long 

time, and several proposed mechanisms can be found in the literature (Fig. 1), but the dominant 

pathway is still matter of debate.[3,4]  

 
Figure 1. Mechanisms proposed for the isomerization of azobenzene  
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In this work we have performed an ab initio dynamic study of the azobenzene 

photoisomerization mechanism using CASSCF (Complete Active Space Self Consistent Field) 

methodology, which takes into account electron correlation. We have used an active space of 

10 electrons in 8 molecular orbitals and Tully’s algorithm for surface hopping. 

Our methodology starts computing the transition dipole moment for the five lowest excited 

states of trans-azobenzene in a large number of different geometries. We start the dynamic 

calculations in excited states most probably populated by the initial excitation. After that, the 

system can hop to other states through the Tully’s algorithm until it arrives again to the ground 

state, evolving on it towards trans or cis configurations. After computing a large number of 

trajectories, it is possible to determine accurately excited states lifetimes and to propose a 

reasonable mechanism for the isomerization process. 
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