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Correlative scanning electron microscopy (SEM)-Raman 

 

   Some basic notions… 
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 MRS reveals U4O9 caused by oxidation 
of UO2 -> in agreement with EDS 
results showing higher amount of O  
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Is it always benefecial to work with a SEM-µRaman instrument ? 

 
• Laser beam-sample interactions (e.g. fluorescent bleaching and 

beam damage) might be different due to the lack of oxygen in 
vacuum.  
 

• Laser-beam damage affects organic samples in vacuum more than in 
air. 
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Why cryo SEM ? 
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Correlative SEM-Raman is evolving quickly… 

Cryo HR-SEM with Raman 
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On axis and Off axis design for a correlative Raman-SEM (Schmidt et al., 2019). 
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On axis and Off axis design for a correlative Raman-SEM (Schmidt et al., 2019). 

On axis cryo Raman-SEM.  

Cryo SEM-Raman 

Last few years 

SEM-Raman 

Early 2000 

High resolution SEM 

~ 1973 

LN : Liquid nitrogen 

Sample 

Correlative SEM-Raman is evolving quickly… 

~84 K 
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Cryo SEM-µRaman on biological samples ! Some studies… 

 Cryo SEM-Raman used to identify the distribution of 
lipophilic micronutrients in plant based food systems 

Carrot skin 

       + 

Sorbic acid 

       +  

Olive oil 

 Successful characterization of sucrose in a cryo SEM-
Raman instrument 
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Cryo preparation chamber 

With focused ion beam (FIB) the internal structure can be revealed… 



Liquid nitrogen dewar 

Cryo stage 

Cryo preparation chamber 

With focused ion beam (FIB) the internal structure can be revealed… 

Internal structure of calcium phosphate/gelatin 
mixture along the electron beam axis 



3D constructed volume of CDHA/gelatin mixture 3D distribution of gelatin 

With focused ion beam (FIB) the internal structure can be revealed… 



 What about problems associated with cryo SEM ? 

 

            Plunge freezing in particular !! 

• Plunge freezing can 
lead to the formation 
of ice crystals 
 

Cooling rate ~ K/b2 
K: thermal diffusion coeff 
b: thickness depth 
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Is this the real internal structure ?  

Vitreous or crystalline ice ? 

 
What is the depth of vitreous ice  ? 



 If only there is a way to know the crystalline structure of ice ! 
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Translational modes at low frequency 

Low frequency Raman spectrometry can reveal the crystalline structure of ice 



The SEM-FIB-µRaman can be used to 

assess the crystalline structure in depth  

 If only there is a way to know the crystalline structure of ice ! 

 

   



Preparation of a CPC/gelatin sample 

used as injectable bone substitute 

 Let’s test cryo SEM-FIB-µRaman on a hydrated biomaterial… 
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Cryo fixation of the hydrated sample 

By plunge freezing 

FIB milling of a trench of tens of µm 

Investigation of the crystalline structure at a defined depth 



Trench with a depth of 20 µm and 

zone of MRS analysis.  

Measurements performed at 123 K 

  

Forzen CPC/gelatine mixture  
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Trench with a depth of 20 µm and 

zone of MRS analysis.  

Measurements performed at 123 K 

Absence of sharp peaks suggesting a disordered liquid-like structure of ice 
 
 
 

  

Forzen CPC/gelatine mixture  

 Let’s test cryo SEM-FIB-µRaman on a hydrated biomaterial… 

 

   

Raman spectrum (red) in comparison to that of 

crystalline hexagonal ice Ih (black)  



What if we heat the sample above the water Tg (i.e. T > 136 K) ?!  

Raman spectra at 123 K and 153 K in 

comparison to that of hexagonal ice Ih  

Trench with a depth of 20 µm and 

zone of MRS analysis.  

 
Formation of a crystalline structure after heating 
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Is the downshift a 

temperature effect ? 
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Trench with a depth of 20 µm and 

zone of MRS analysis.  

What if we heat the sample above the water Tg (i.e. T > 136 K) ?!  



 
Translational modes in acqueous solutions shift to 
higher frequencies when the temperature decreases 
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Effects of temperature on the Raman signal of ice 



 
Translational modes in aqueous solutions shift to 
higher frequencies when the temperature decreases 
 
 
  Not Hexagonal Ice 

 
 
 
 

Hexagnol Ice  

If not hexagonal ice 
then what is it ?? 

Effects of temperature on the Raman signal of ice 
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Effects of temperature on the Raman signal of ice 

Possible scenario… 

 
Translational modes in hydrohalite crystals shifting to 

higher frequencies at lower temperature 
 
 

   
 
 
 



Can we validate the temperature dependence of the Raman band ?! 

  

Not possible to warm the sample up to 253 K and verify 

the shift of the translational mode shift 

Ice sublimation of the sample above 180 K 



Can we validate the temperature dependence of the Raman band ?! 

  

Not possible to warm the sample up to 253 K and verify 

the shift of the translational mode shift 

Ice sublimation of the sample above 180 K 

What about cooling the sample ? 

A shift to higher frenquencies of ~2 cm-1 is 

observed when cooling back the sample to 123 K 



A bonus : FIB can be used to reduce fluorescence emission 

 

 Local removing of metal coating while maintaining conductivity in the rest of the material  

 

 Decrease of the fluorescence background for Raman analyses inside the FIB trench 

 

 

 

At 123 K 



Conclusion 
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