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Outline 

Natural fibres 

• Use these probes to study the effect of chemical processing and 
mechanical loading on the mechanical properties 

• Sustainable development 
("clean" production, non toxicity, biodegradability, 
biocompatibility) 

• Variable mechanical properties 

ANR funding (2008-2010) : "Nanosoie" 

Raman spectroscopy of Silk fibres 

• Find structural Raman probes in silk 
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• Sensitivity to bonds vibrations 

  amorphous/low crystallinity solids 

Bottom-up approach 
to fibre mechanics ! 

Why is µRS suited to study fibres (mechanics) ? 

• Non Contact Technique 

  in situ analysis through translucent 

  matrices or liquid solutions  

• Optical microscope 

  probe targeting (spot ~1 µm  < Rfibre) 

  skin/core discrimination on cross-sections 

IM7 (3 fib) 
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Bond Vibration Disorder 

• Stress measurements 
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polyamide chains (silk = spidroïn ; hair = keratin) 

Silk structure 

Hair

 = 80 µm

Cortical cell

 = 2-3 µm

Macrofibril

 = 0.4 µm

Intermediate filament    = 8 nm

Helix dimer

 = 1 nm

-S-S-
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Chem 3D (force field calculations) 
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Mechanical Testing  

PBO poly(paraphénylène benzobisoxazole) 
PET poly(ethylènetéréphthalate) 
PA  polyamide 
PP  polypropylène 

fibre 

Gauge length = 30mm 

Load/Strain controlled UFT 

(0 to 100,00 g ; Dl=0,001 mm) 
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• Fluorescence + Acquisition time ~ hours 

• High number of bands (superposition)  
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Raman signatures-2 

• Common set of components 

  Fit validation 

  Different phase proportions 

• Assignments 

G (1650) = alpha 

G (1675) = beta sheets 

L (1665) = intermediate 

   Random coil  
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PA66 fibre 
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Hair (white) 
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Bombyx Mori silk-1 
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Strong variability ! 
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----- Conclusion ----- 

• Multi-scale nano-structural/mechanical 

Raman probes available 

 

  T' modes 

  Amide I 

  N-H 

----- Future work ----- 

• Statistics on mechanics-governing factors: 

  conservation (age) of the sample 

  straining speed 

  animal species (GM silkworms) 

• Analysis of the structural changes and related mechanical effects occurring between 

silk secretion and its final application (clothing, ligament , silk/silk composite …) 
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