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Raman Spectroscopy: Summary 

1. Raman is a vibrational spectroscopy akin to IR 
-  Good for fingerprinting, probing molecular symmetry 

2. Scattering-based, not transmission/reflection/absorption 
-   No need for fancy sample preparation…gas, liquid, or solid 

3. You need to pick excitation energy (laser line) 
-   785 nm:   Fluorescence less probable; Lower Raman signal 

-  514 nm:   Fluorescence more probable;  
                     Resonance more likely; Higher signal 
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The precursor resulting from mixing Bi2O3 and Mo salt was amorphous. An intermediate 
crystalline phase formed after 30 min. Its XRD pattern was refined in the cubic Bi2O3 
fluorite structure. A good fit was obtained for a cubic cell with a = 5.638(4)Å. Bismuth only 
was introduced in the cation site, although the presence of molybdenum could not be 
excluded (see hereafter). After 1 h 10, the Bragg peaks of this phase disappeared while 
those of γ-Bi2MoO6 started to grow.  

Pure crystalline γ-Bi2MoO6 (PDF Cards 76-2388) was successfully obtained as the final 
product. 



XRD powder patterns of the precursor and of samples prepared by hydrothermal 
method at 180°C for various reaction times. In brackets, (hkl) of γ-Bi2MoO6 lines. 



Raman spectra of the precursor and of samples prepared by hydrothermal  
method at 180°C for various reaction times. 



Raman spectra in the range of 600 - 975 cm-1, showing the transformation from  
[MoO4] (characteristic band in dotted blue lines) to [MoO6] in γ-Bi2MoO6  
(characteristic bands in dotted red lines). 



Mo K-edge XANES spectra collected at 160°C showing isobestic points  
(in situ experiments). The features marked A and B are characteristic of Mo(VI) in  
tetrahedral and octahedral environment, respectively. 



Kinetics 

In situ analyses during the hydrothermal synthesis of γ-Bi2MoO6 at 180 °C.  
Evolution of MoO6 content (XANES: ▲; Raman: ● ), and of Bi2MoO6 content  
obtained from XRD (□). 



Schematics of the successive transformations during the formation of γ-Bi2MoO6. 



The message …. 

1)  There are lots of spectroscopic techniques which can help 
       to clarify complex behavior in solids – USE THEM 

2)  Sometimes powder diffraction is just not good enough, 
       and without long-rang order it is not very useful at all. 

3)  Spectroscopy is complementary, since it depends primarily  
      on short range order. OK for liquids, solids, glasses, mud… 


