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      
    νννν  νννν  


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
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 
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Introduction
       

         

         

          

        



          







     



          




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

            

        

         







           

νν

          

          



           







 
        



             



                
          









        



 

  



             

             



              

           

         



             







Chapitre 1. Généralités
       

           







     ω ω− = − 

 ω  ω 

              

             



     ω ω>        

 ω ω< 



µ
 

 µ α=


 

     α    

           

 ω 



 α 

           

   α α=  µ α=
 

 







δµµµµ








δµµµµ  
δµµµµ








δµµµµ  






            

           







 
   

 


α

α α

α

⊥

⊥

 
 

=  
 
 




 α 

 ⊥α 

           

 γ α α⊥= −      α α α⊥= + 

       



 α

       µ

     

 

          

           







 

θʹ′ θʹ′
ϕʹ′


 

θʹ′ θʹ′
ϕʹ′






            

           

 



   




  






α α α
=

= + Δ 

            

 α      

        αΔ






  ν −=

  ν −= 
  ν −=

  ν −=
  ν −= 

  ν −=






 ν 

 ν  ν 



         









           

          



    





          

           

         

      λ<< <<          

 λ 



          

 

          δ α= µµµµ    

        δ     

  α δΔ = µµµµ    α δΔ = µµµµ 

 δµµµµ 

              

   Δ + Δµ µµ µµ µµ µ 

α 


 α − 

   

            µ αΔ = Δ

  

            

       α −       

           α σ   σ   









     





            




            

         

         



   

           

           



   

               









       µ      



    

             

          µ  







   



 





Chapitre 2.  Le montage expérimental et les méthodes
d’enregistrement des spectres RICI.

2.1 Montage expérimental








             

             




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Cuve et montage hautes pressions.




             







            







            

                





             

±
             





            















Double monochromateur
          

    



             

         











        

 

           

            

  

            



CCD et PM
            

             

  







   

              














Filtre holographique
          

            



              







          ν   



















2.2 Méthodes spectrales


     

 

           

            



, , 
             

              

            



Détermination de la densité des gaz à partir de la pression mesurée.






++++= 














 

              






=ρ 

  

               


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
  

 


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++=


  



           



 






  ⋅=⋅= 




            




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νρννν Δ+Δ+Δ+Δ=Δ  

  νΔ 



ρν  Δ            
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


ρ

νΔ          

 ρ  ρ 








    νΔ 



    νΔ 

    

         


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  + + Δ
Δ =    + +   

 

ν 

    
          

 

     β ±×    

              

  






 

 ν  ν 



            





   
 







  
 



        
   




  


    
   

ν
ν πν β

  + + Δ
Δ =    + +   







Les spectres isotropes et anisotropes.
             

  





               

          


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

°
    


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 

  

    





    


               ν ν ρ ν ρ ρΔ = Δ + Δ  

  
  − 

   −  ρ  ρ 


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Chapitre 3.  Les résultats expérimentaux.

3.1 La bande νννν2.
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           

  





   

             







          






ν






   


    
    


    
    
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
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



3.2 La bande νννν3.


            

            



            

     



  



 
 
ν ʹ′Δ

= −  

 ν ʹ′Δ 

CO2 pur.


  



           

             

  
       ν ν ν ν+ 





             

              







               

   





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



          

              





Le mélange CO2-Ar


          





  



         


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3.3 Détermination de la concentration des constituants du mélange
CO2-Ar par les spectres de diffusion Raman induite par les
interactions.
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

   ρ ρ= 

             

                 





       




   


   


  


  


   

   

ρ
η

ρ
η

= +

= +



    η 









η 


η η

ν  

ν  

     ρ 

       ρ       

 ν 

 η  η 

             



          

            





         

          



          

            

      ν         



            



 ν 



           

         


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

Chapitre 4. Calcul de partie à longue portée de la
polarisabilité induite.
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



             



4.1 Calcul quantochimique (ab initio)
           



            

  



         




 −Θ−−= αβαβααµ  

           Ψ  αµ   αβΘ   



   α  αβ   




    

  

   
      

          

          
α α αβ α β αβγ α β γ αβγδ α β γ δ

αβ αβ γ αβ γ αβ αβ γδ α β γδ αβ γδ αβ γδ

µ α β γℵ = Ψ Ψ = − − − −

− Θ − − − −




  ΨΨ= αα µµ   ΨΘΨ=Θ αβαβ 

 αβα  αβγβ  αβγδγ   βγα   γδαβ   γδαβ     









  

           

           

  



               



         

 

          



          

        







              



          

    



           



        

           



4.2 Modélisation classique de la polarisabilité induite.
          

           











 α  ν  ν 





              



4.3 Méthode des diagrammes de Feynmann.
      

          



Absorption et diffusion d’une molécule.

         

 

           



      









      

     

       

        =
     

     



             





           

  − 

  =
±=


  

ωω     −=ω 

      ω >      



 ω±             

   
 



            

  µµµµ −= 

µµµµ  

             



       

           



  ʹ′ 

  

  

                

    

          

  





ω





ω


ω





ω



ω

  








    µµµµ−=           

            





           

 ∗−−=
 

  


 µµµµµµµµ ωω    −+=
 

  




 µµµµµµµµ ωω   



Processus induits par les interaction entre molécules.
       

   







             



         

   

            

          

 
 ω ω

=
− ± 

             

            



       
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     µµµµ   


































 

































 








               

          

        



   

      ʹ′ ʹ′ 


 


 ʹ′ʹ′ 

             

           



ω



 









              



 







   










  

           



ω

 

 

ω



             



 ( ) ( ) ( ) 
   

          α α α −∝ Δ ∝   ( ) αΔ 

           α   

       

           

αΔ 

 αΔ 

             



              

              

        αΔ      







            

  µ

         
   β    

 ( )     
          α µ β −Δ ∝ 

ω

 

 
ω



           



  


   

 
  β 

4.4 Séparation des caractéristiques intermoléculaires dans les
amplitudes de transitions.

         

         

      



          
 ϒ

   



       
 ΔΓ        




   





        

    
  = 

             

           
  ϒ =  

     
      ∗ϒ = ⊗   = 

    
 ϒ 





           

         
    = − ϒ ΔΓ 

           





        


 ΔΓ        



   

           



{ }      
      

   
 

 
     λ

λ λ λ λ λ
λ λ λ

Λ
Λ

Λ

ΔΓ = × Φ ⊗ Ω  

 { }          
    λ λ
λ λ

ΛΛΦ = Ω ⊗ Ω            λ λ λ=     

   = Ω Ω Ω        

      



    

      λ λ λ+ +− = −           

  Λ=+


 λλ   


=+Λ λ       

        
  λ λ λΛ       





   Λ=+


λλ  


=+Λ λ       ΔΓ    

         
λ λ λΛ
     

   


 λλλ Λ          



   == λ   Λ=λ  λ 



 =λ 





Moment dipolaire vibratoire induit par des interactions.

           

   µµµµΔ−=  
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 =µµµµ    
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
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     

 

 
       

 
   ω

∏
Δ = − − ⊗

∏µµµµ  

  
  



 ω 

            

{ }            
   

      − −= ⊗ Ω       =     

       
     



      = − ∏ ∏     

      

       =  

  
 





  = 



       

 
 

   
  ω      

   
        

     

 
        ω − −Δ ∝µµµµ 

         


      ω ω ω≈ + 


  ω =            

         



   
      ω ω=     

   = 
 

  
 ω 



         

    
     


 
     = Ω 

        
     = Ω             

              

            
 

      



  
  = 

   γα 
 =−==   αα 

=    ααγ −=

 α 

 
         = = − =          = +  


       = −         







         

   
λ λ λΛ
 

Duffusion Raman induite par les interactions.
 
         ω   ω  


  ω 

  ω 





             

           

   −
  ωω            

             
         
                              ω ω ω ω ω ω ω ω− − − − −+ + + = 

            



          

   



   Φ−=Φ 

  −+  





{ }{ }

 

       
 

 
        

     

 
 

 
   




 


   



   

λ λ
λ λ

λ λ

α

λ λ

Λ
Λ

Λ

Λ −

 
 

Δ = − ∏ × 
 Λ 

× ⊗ ⊗ Ω


 

           

  

          

          













( )( ) { }            
 

 


    

   λ
λ λ

λ λ λ

α λ λ λ Λ

Λ

Δ = Λ Φ ⊗ Ω  

 ( )      λ λ λΛ 

     =   



{ }{ }

 

       
 

 
        

     

 
 

 
   




 


   



   

λ λ
λ λ

λ λ

α

λ λ

Λ
Λ

Λ

Λ −

 
 

Δ = − ∏ × 
 Λ 

× ⊗ ⊗ Ω


 

  

            

  

( ) 
 

       
     

 


  λ λ λ λλ λ α

λ λ

Λ −
Λ

 
 

Λ = − Π  
 Λ 

 




λ 


λ

α           

            



 



{ }

{ } { }

   




     
 

      

    


   

   

 

   

       

   

       

  

    

α α α

α α

α α

−

−

Δ = ⊗

Δ = − ×

 × ⊗ − ⊗  

 







        

            













( ) 


  
    

  


   
 λ

λλλ β
λ

Λ −Π  
Λ = −  

ΛΠ  
 

   = 

  

λβ 



       







              

           

           

     



( )    
    

   


   


λλ
λλ µ

λ
Λ+Λ+ −Π  

Λ = −  
ΛΠ  

 

 µ            
   µ  

         λ      

  





       

      λ           =     



             
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Chapitre 5.  Théorie des moments spectraux.

5.1 Bande 3

Cas « molécule – molécule »
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     

        

        
 

 

    

   

   

   




 




 


 



λ λ
λ λ λ λ

λ
λ λ λ λ λ λ

λ

λ

Λ Λ

Λ ΛΛ +

Φ ⊗ Ω Φ ⊗ Ω

Λ  
= Π − Ω Φ ⊗Φ  Λ   


 


 


 

λ λ   

             


 
  


    =  




                   
                π λ λ λ λ λ λ= Β Λ Β Λ  

  

     

  
 

  
 

 
     

 
 

 
   

 

   
 

 
 





  

  

λ

λ λ λ λ λ λ

λ λ
λ

λ λ
λ

Λ ΛΛ +

Λ 
Π Λ  

= − Π Λ ×  
ΛΠ   

 

×

 







       = = =        

              λ λ λ λ λ λ λ λ λ= = = = Λ = Λ = Λ = =     


   λ λ λ= Π Π 

  
 

 


  λ λ λ= Π Π  

  

 

  

    ( ) 



 




αΔ        



           



= ∇ + ∇ + ∇ Λ ΛΛ ΛΛ ΛΛ Λ  

   ∇   ΛΛΛΛ  ΛΛΛΛ

 ∇  ∇ 

     Ω Ω         

             



        ( ) 


αΔ  

           

            ΛΛΛΛ  

ΛΛΛΛ 

   ΛΛΛΛ  ΛΛΛΛ 

        
  
  

   = +    


    



    

          







  




( )     
        
 α α= ∇ Δ ∇ Δ  

          ( )    


α∇ Δ   



( ) { }      


     

 

   
 

 
λ λ λ

α + +

Λ

Π
∇ Δ = − − ⊗

Π  

 { }       
 

 

   





 

  λ λ

λ+ + Λ 
= − Π ⊗ Φ 

Λ 
  

{ }       


  λ= ∇ ⊗ Ω 





             

 { }  
 


      δ µ −⊗ = −   µ − 



( )      
        


 

   


+ +

−

= −  

        ( )   
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     

  


 

     
     

   

  
    

 

      
 −

 = +  λ λ  

 [ ]                   λ λ λ λ λ λ= + + + − +   
 


     

 


    



 
       



            
  


           π λ λ λ λ λ λ

∞

= Β Λ Β Λ  

         



           
  

      
      

 
λ λ λ λ λ λ

π
∞ ∂Β Λ ∂Β Λ

=
∂ ∂  





              





  


 



( ) ( )( )     
     

    α α= ∇ Δ ∇ ΔΛ ΛΛ ΛΛ ΛΛ Λ  



{ }  
 

        
 




  


   

    


 
    

 
γ+   = Π − ⊗  
  

   

 { }{ }
        

 


  λ

λ λ
Λ= ∇ ⊗ Φ ⊗  { }     

  γ = Λ ⊗Λ 

     
  

             

    

     
  γ = −   

( )      
 

    


    
 



      + += = −  

         



 
 

    
  

 
     

     λ λ=   

             

 
γ     Ω 

          

    
     
  = 

          



 
     

  
 

     
     λ λ=   





Les moments spectraux dans le cas « molécule – atome »
           





      








 π
Ω

Ω = −
  



   


 Ω


                

     
 

       θ ʹ′Ω = = Ω Ω   

 ( )αΔ 

( ) { } { }     
     

     αΔ = Β ⊗ + Β ⊗  

  λΒ 

          

          λΒ   

  ← 

{ }     
 λ ⊗ 

  

 



 

 
          

 


   
λ λ

λ λ λ λ=   

      λ λ 

       
 

 
     

    


 
     

 


λ λ λ
λ λ

λ λ
+    

= − ∏    
   



               = ≡ 

 λ λ λ= ≡        

        

         λ λ       
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 +++ λ          



  

 

  

   



      



= ∇ + ∇ ΛΛΛΛ  



  


 



 

 
                   

  
  

       
λ λ

λ λ λ λ λ λ
µ −

 = +  

   λ λ = 



   = ≡   λ λ λ= ≡  
 

 
 

             
  

  


  

          
λ

λ λ λ λ
µ λ−

+  = + + + +  

             

           



  


 



 

 
                 

 


      
λ λ

λ λ λ λ λ λ=
Ι    

              



 


        
  

 




     
λ

λ λ λ λ
λ

+
= +

Ι + +  
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5.2 Bande 2


           

          



 ξ 

   




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


  νΔ 

          

           



{ }      
        
 

  
      

νν
ν λ λλ ζ λΔ = Ψ ⊗ Ω  



{ }     
      
 

  
   λ

ζλ λΨ = Ω ⊗ Ω 

       θ ϕ ξΩ = 



  

λ 





  = ± ν 

      


          

     λ λ λ
ζ − −= +  

             

        ζ =     

          
 
  

 
λ λΨ    λ 

 

 λ 

           


       

   λ λλ
ζ ζ

+= − −  

− 

      λ     



    λ ζ+− = − − 





       λ λ λ+ +− = − 

    ξ 

          

  

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Chapitre 6. Dispersion Raman - transitions quadripolaire
électrique et dipolaire magnétique.





             



         



     





      

       

             
      χ π λ≈ =            

            



            

           

           



  

              



              

          





            

            









               

              





            

          

  



6.1 L’amplitude de la transition de la diffusion Raman.
    



          

     → −         
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Le cas non-résonnant.
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6.2 Section efficace de la diffusion Raman et sa dépendance en la
polarisation.
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6.3 La nature des transitions permises de diffusion Raman en
fonction du changement de parité.
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

         

   
       πν − −= × ×     ν     



            



           





       
 




   
  − −Φ =Φ = 

       

  
   

    
      ω= ≈ = ×        

           
   = ×  

 



 ν 

       
 




   
  − −Φ =Φ =   

           

            

          

   





                

 
        = 

 

         

            

 
     = − 

           







            











 



               





            



             

      

            

          

              



          

             





         







Chapitre 7.  L’ interprétation quantitative des résultats
expérimentaux.

         

            



 

            

          



           


  

             



7.1 Les spectres induits de CO2 pur.

La diffusion Raman dans le domaine de la bande ν .
       

       



 



        



 

     

               

     









          





           

            

   









           

       

       

       



            

              



             

              

           



         





        






  ν→ 



                

           

           

           

           





              

             



            







   

             



Table 7.3

 












 


 


 





      








 

      

      
  

 
      







Table 7.4.

 












 


 


 





      






 

      

      
  


      







       λ λ= = Λ = 



       



 





     

      λ λ λ= = Λ = = 

             

        

  

   β   

     

          

    







        

           

          

           









           

            

            





            

             

      

  





            

            



ββββ  



        

             



       
 
   
       
   
   

  
   


     

         



             





           



                             


         
                

                     

       

    
                       

               

          
         

         

         

       

   

           
   

  
 


  

 





          
     
      = 

  

 



  λ   λ            

     λ λ +         



 λ = 

         

 λ =  λ = 









          



   

            


























































































































   

          

           

 

                  



             








 

  

  



              
          
       
         








 

 
    

  
   −  ×  ×

  
    =   

  
     

   
    −  ×  ×

  
    =   





           

           



         

            



              

             

            



               

             











   

           

           



Table 7.7


     


 

   


       


       


       



            

              



           ν    

  





             









Table 7.8.
 ν→ 

                           

       

             

                 









     







     



Table 7.9.
        ν    




 




 


 



  

 

 
  


 









 




 


 



  

 

 
   

 













               

         

           

α α 





               

           

    

                

    


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  








          

    



          



          





            

      

           

           

  





             










       



          











   







Chapitre 8.  Conclusion.












           



            


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

          


 
 



            


          




           


 


          
        



           
 


 



            



          









 

 



    

          



            



          

           



        



         





 

 ν 



          



           



   



        



 



   ʹ′   ʹ′ 

 





   «     


 



       



          



            

           



 



          



          

         



 



 



 



 

         



         

      



            

         





 



               

        

          



            





        



         





 

          



         





            





            





         





 

        





        



         



        





  





  



          


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Appendice A
             

    




{ }     
   


          = − Π ⊗  

 { }            
   

     − −= ⊗ Ω { }       ⊗ 

             
  


 


 

 


 

= − 

        Π = + + +    

    = +     = Ω =



Appendice B


( ) ( ) ( )

( ) ( ){ }

     
  


  

  

  

     
   

 

   

            

    

   



ω ω ω µ µ

µ µ

−− −   = − + ×  
  

 
× ⊗ Ω  
 

 
 





        
     Φ = ⊗   ( ) ( )   

  
   

    
 µ µ  

  
  

 

{ }     


    µ µ⊗ = 

Appendice C
 α   

          
α α=      

      µ µ⊗  α 

            





  
   

  = 

        

α    α α=          

           

 
 

  − 

 
   

  
α

α α α α= − = − 



 
 α α=    α α αΔ = −       

       { }      µ∝ ⊗     

  

      


  

 
   

  

 

   

   

  

  

= − +

= −
 


           

             

             

  →   

       = − =         


     = Ω  

  ≠ 

 β 

            

  β   β     





 

              

 β 



{ }{ }
           
 

   β µ µ µ β∝ ⊗ ⊗ = Ω  



( )

( )



 



   


   


 


 

 

 

β β β

β β β β

β β β

= − +

= = − +

= −

 

  

          

    

{ }{ }
           
 

     µ µ∝ ⊗ ⊗ = Ω  

   = 

    = = 



             

         

  

    
     
             = + + + =  

    
    
            = + + +        









  

    

    

   

    

     


   

       

       

  

    

    

= − +

= − − +

= − − +

 

          = −       =  

  



Appendice D




      

( )


           
     

 
               

π

∗ = Π − Φ Ω Ω Ω Ω 
    



  

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