
Direct Measurement of the Isomerization Barrier 

of the Isolated Retinal Chromophore 

Jonathan DilgerA,B, Lihi MusbatC, Mordechai ShevesD,  

Anastasia V. BochenkovaE, David E. ClemmerB and Yoni Toker C,
 

 1 

A 
Spectrum Warfare Systems Department, NSWC Crane Division Crane, IN 47522 (USA) 

BDepartment of Chemistry, Indiana University, Bloomington,  Indiana 47405, USA 
CInstitute of Nanotechnology and Advanced Materials, Bar-Ilan University, Ramat-Gan 290002, Israel

DChemistry Department, Weizmann Institute of Science, Rehovot 978007, Israel 
EDepartment of Physics and Astronomy, Aarhus Universi-ty, DK-8000 Aarhus C, Denmark 

Synopsis Energy barrier Heights for isomerization of the isolated retinal chromophore were measured using two 

stages of ion mobility spectroscopy (IMS-IMS).  

Ion mobility spectroscopy (IMS) allows one to 

differentiate between different isomers of a giv-

en molecular ion according to their collisional 

cross-section. Using two stages of IMS (IMS-

IMS) one can select a specific isomer, collision-

ally heat it and follow its isomerization path-

ways  (See Fig. 1). Recently it has been shown 

that this technique allows one to determine in-

ternal energy barrier for isomerization [1]. 

 Here we apply the technique to the important 

case of the retinal protonated Schiff base 

(RPSB) [2]. Photoisomerization of the RPSB is 

the primary in animal vision. We find that the 

energy barrier for a single cis-trans isomeriza-

tion is 0.64±0.05 eV, which is significantly 

lower than that observed for the reaction within 

opsin proteins. Thus the protein has a signifi-

cant role in increasing the barrier energy for 

thermal isomerization relative to the gas phase 

which lacks interaction with the RPSB counter-

ion and steric constraints. High barrier energy is 

mandatory for efficient vision processes, other-

wise thermal noise would overwhelm the signal 

originating from the photochemical isomeriza-

tion.  

Figure 1. Results of selection and activation when 

the selection is applied to peak A (the all-trans iso-

mer), and activation is performed for different acti-

vation voltages, Vact. The dashed line corresponds to 

the IMS of the RPSB with no selection. 
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