
        
    
        
            
            
                
            

            
        
    

        
    
        
            
            
                
            

            
        
    


        
    




        

        
    Skip to main content

    

    
    
        
            
                
                    
                        
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    




    
        
    
        
            
                
                    
    
        
            	
                        Home




	
                        Technical Physics

	
                        Article

Effective Rotational Potential of a Molecular Ions in a Plane Radio-Frequency Trap


                    	ELECTROPHYSICS
	
                            Published: 16 September 2019
                        


                    	
                            Volume 64, pages 1379–1385, (2019)
                        
	
                            Cite this article
                        



                    
                        
                        
                    

                
                
                    
                        
                            
                            
                                
                                
                            
                            Technical Physics
                        
                        
                            
                                Aims and scope
                                
                            
                        
                        
                            
                                Submit manuscript
                                
                            
                        
                    
                

            
        
    


        
            
                

                

                
                    
                        	I. A. Vasil’ev1, 
	O. M. Kushchenko1, 
	S. S. Rudyi1,2 & 
	…
	Yu. V. Rozhdestvenskii1 

Show authors
                        
    

                        
                            	
            
                
            121 Accesses

        
	
            
                
            3 Citations

        
	
            Explore all metrics 
                
            

        


                        

                        
    
    

    
    


                        
                    
                


                
                    Abstract
A model of rotational potential that represents an analog of the pseudopotential for localization of a model of diatomic particle with rigid bond in a plane quadrupole radio-frequency trap is considered. It is shown that the effective rotational potential can be used to describe dynamics of various diatomic particles with different centers of mass and charges. Comparison of the model of pseudopotential for localization of a single ion and the proposed model of the effective rotational potential for diatomic structure is used to determine additional positions of quasi-equilibrium for the center of mass of the diatomic particle and orientation angle of the molecule. Additional positions of quasi-equilibrium substantially affect dynamics of charged structure localized in the field of a plane quadrupole ion trap.
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EQUATION FOR EFFECTIVE ROTATIONAL POTENTIAL IN SPHERICAL COORDINATES
EQUATION FOR EFFECTIVE ROTATIONAL POTENTIAL IN SPHERICAL COORDINATES
We consider coordinates of the compete separation of motion (expression (10)):

                  $$\begin{gathered} x = X(\bar {X},f({{\epsilon }_{x}})) + {{\epsilon }_{x}},\quad y = Y(\bar {Y},f({{\epsilon }_{y}})) + {{\epsilon }_{y}}, \\ \alpha = \psi (\bar {\psi },f({{\epsilon }_{\psi }})) + {{\epsilon }_{\alpha }}. \\ \end{gathered} $$


                As was mentioned, general secular motion of trapped charged particle (\(\bar {X}\), \(\bar {Y}\), \(\bar {\psi }\)) is described using a combination of the slow component of motion related to the interaction with dc component of electric field (X, Y, ψ) and additional force induced by fast oscillating components (f(\(\epsilon \)(x, y, ψ))) (analog of pseudopotential (9)). When a particle is localized in the presence of electric field at zero dc voltage across electrodes, terms (\(\bar {X}\), \(\bar {Y}\), \(\bar {\psi }\)) are zeros. Thus, the secular motion of a diatomic charged particle is determined by resulting force of fast oscillations (  f(\(\epsilon \)(x, y, ψ))). Substituting coordinates (10) in original equations of motion (6)–(8), we derive new equations of motion. Without loss of generality, we consider only the equation of motion along the OX axis written as

                  $$\begin{gathered} \frac{{{{d}^{2}}}}{{d{{\tau }^{2}}}}(X(\bar {X},f({{\epsilon }_{x}})) + {{\epsilon }_{x}}) + \cos (2\tau )({{\beta }_{1}}(X(\bar {X},f({{\epsilon }_{x}})) + {{\epsilon }_{x}}) \\ \, + {{\beta }_{2}}\cos (\psi (\bar {\psi },f({{\epsilon }_{\psi }})) + {{\epsilon }_{\alpha }})) = 0. \\ \end{gathered} $$


                Evidently, derivative \(\frac{{{{d}^{2}}}}{{d{{\tau }^{2}}}}X(\bar {X},\)f(\({{\epsilon }_{x}}\))) does not explicitly depend on dimensionless time and the acceleration related to fast oscillating terms is given by the following expression owing to smallness or absence of terms characterized by dc voltage \(\bar {X}\):

                  $$\frac{{{{d}^{2}}}}{{d{{\tau }^{2}}}}{{\epsilon }_{x}} = - \cos (2\tau )({{\beta }_{1}}(X(f({{\epsilon }_{x}})) + {{\beta }_{2}}\cos (\psi (f({{\epsilon }_{\psi }})))).$$


                The rate of fast oscillations with respect to generalized coordinate x can be represented as a function of slow components in the following way (for convenience, we use notation X(f(\({{\epsilon }_{x}}\))) = X and ψ(f(\({{\epsilon }_{\alpha }}\))) = ψ):

                  $$\epsilon _{x}^{'}(X,\psi ,\tau ) = \int { - \cos (2\tau )({{\beta }_{1}}X + {{\beta }_{2}}\cos (\psi ))d\tau .} $$


                With allowance for the equations of motion along generalized coordinates, we represent the total kinetic energy of fast oscillations as

                  $$\begin{gathered} \frac{1}{2}(\dot {\epsilon }_{x}^{'}{{(X,\psi ,\tau )}^{2}} + \dot {\epsilon }_{y}^{'}{{(X,\psi ,\tau )}^{2}} + \dot {\epsilon }_{\psi }^{'}{{(X,Y,\psi ,\tau )}^{2}}) \\ = \sum\limits_{i = 1}^3 {\frac{{{{\epsilon }_{i}}(Q,\tau )}}{2}.} \\ \end{gathered} $$


                Function (f(\(\epsilon \)(x, y, ψ))) that characterizes the effect of fast oscillating components on the secular motion is determined by averaging of the kinetic energy of fast oscillations. The function that represents the effective potential can be written as (see expression (11))

                  $$\Phi = \frac{1}{{2\pi }}\sum\limits_{i = 1}^3 {\int\limits_0^{2\pi } {\frac{{(\epsilon _{i}^{'}{{{(Q,\tau )}}^{2}})}}{2}d\tau .} } $$


                Substituting generalized center-of-mass and angular coordinates, we obtain an expression for the effective potential energy:

                  $$\begin{gathered} \Phi (X,Y,\psi ) = \frac{1}{{16}}[({{\beta }_{1}}X + {{\beta }_{2}}\cos {{(\psi )}^{2}}) \\ \, + ({{\beta }_{1}}Y + {{\beta }_{2}}\sin {{(\psi )}^{2}}) \\ \, + {{({{\beta }_{3}}(X\sin (\psi ) + Y\cos (\psi )) + {{\beta }_{4}}\sin (2\psi ))}^{2}}]. \\ \end{gathered} $$


                To simplify the further analysis, we introduce dimensionless spherical coordinates, where radius R is normalized by the radius of the RF trap:

                  $$X[{{r}_{0}}] = \frac{R}{{{{r}_{0}}}}\sin \phi ,\quad Y[{{r}_{0}}] = \frac{R}{{{{r}_{0}}}}\cos \phi ,\quad \psi = \psi .$$


                Then, the effective potential is represented in the spherical coordinates as

                  $$\begin{gathered} \Phi (R,\phi ,\psi ) = {{R}^{2}}\beta _{1}^{2} + 2R{{\beta }_{1}}{{\beta }_{2}}\cos (\phi - \psi ) \\ \, + {{(R{{\beta }_{3}}\sin (\phi + \psi ) + {{\beta }_{4}}\sin (2\psi ))}^{2}}. \\ \end{gathered} $$
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