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Peptide fibers: Electrospinning from solutions, molecular vibrational analysis




Syringe 

Needle 
Droplet (1000 µm) 

 
Taylor cone (100 µm) 

 
Jet (501 µm) 

 
Whipping jet (10.01 µm) 

+ 
+ 

+ 
+ + + + + + + + 

+ + + + + + 

+ 
+ 

+ 
+ + 

Electrospinning (standard) 



Substance Selection 
   Aromatic peptides 
 
 
 

      
   
  
        Fluorene derivates 
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H-Phe-Phe-OH Fmoc-Phe-Gly-OH (Fmoc-Cys-OH)2 

9-Fluorenemethanol Fmoc-NH2 Fmoc-Gly-OH 

Phe-Phe Fmoc-FG (Fmoc-Cys)2 

9FM Fmoc-NH2 Fmoc-G 



Extremely long, coiled or straight fibers, 400-700 nm wide 

Phe-Phe/HFIP 

Electrospinnability: Long fibres 

Con. = 16%wt 
V = 15 kV 
H = 15 cm 
Q = 0.5 ml/h 

  Solvents selection 
  Name Vapor pressure (atm. at 25oC) Results 
  Dimethylformamide : DMF 0.036 +++ 
  Hexafluoroisopropanol : HFIP (C3H2F3O) 0.158 ++ 
  Dimethyl sulfoxide : DMSO 0.008 +++ 
  N-methylpyrrolidone : NMP 0.004 +++ 

Fmoc-FG/HFIP Fmoc-FG/HFIP  

V = 15 kV 
H = 15 cm 
Q = 0.5 ml/h 

Con. = 18%wt 

Phe-Phe/HFIP: µl-ES  



Two-parameter approach (Gutmann, 1976; Malavolta et al., 2006) 

AN : electron Acceptor Number 
(electrophilic) 

Electrospinnability: Short Fibres 
Fmoc-G/DMF 

Con. = 20%wt 
V = 10 kV 
H = 25 cm 
Q = 0.5 ml/h  Fmoc‐G/TFA 

Solvent AN DN Electrospinnability 
DMF 16.0   26.6 Droplets/short fibers 
DMSO 19.3 29.8 Droplets 
HFIP 88.0 0.0 Long fibers 
TFA 105.0 0.0 Long fibers 

DN : electron Donor Number (nucleophilic)  

ES needs a strongly 
electrophilic solvent. 

AN  ≥ 88  
Good acceptor!! 

Fmoc‐G/DMF 



(Fmoc-Cys)2/DMF 

Con. = 20%wt 
V = 10‐30 kV 
H = 10‐15 cm 
Q = 0.2‐0.5 ml/h 

Electrospinnability: Solidified Droplets 

(Fmoc-Cys)2/DMF 
Two-parameter approach 

AN  ≥ 88  
Strongly electrophilic solvent!! 

(Fmoc-Cys)2/TFA 

Only some substances (Phe-Phe, Fmoc-FG, (Fmoc-Cys)2, Fmoc-G)                        
can form fibres, when dissolved in an electrophilic solvent at high concentration. 

Solvent        AN DN Electrospinnability 
DMF      16.0 26.6 Droplets/short fibers 
DMSO      19.3 29.8 Droplets 

HFIP     88.0 0.0 Long fibers 

TFA   105.0 0.0 Long fibers 

Fluorene derivates substance  

Con. = 10‐19%wt 

V = 10‐30 kV 
H = 10‐15 cm 

Q = 0.2‐0.5 ml/h  Fmoc-NH2/DMF 

Con. = 10‐18%wt 

V = 10‐30 kV 
H = 10‐15 cm 

Q = 0.2‐0.5 ml/h  9FM/HFIP 



(solidified droplets) 

Vibrational IR/Raman 

o.o.p. CH ring bend. 728vs/m 

i.p. CH ring bend. vw/1610vs 

IR downshifted Raman downshifted 

(1) str. OH  (3) i.p. CH ring bend.  

(2) i.p. CH ring bend. + Roc. 
CH2 + bend. COH 

(4) i.p. CH ring bend. + bend. CH 
+ bend. COH 

Vibrational spectroscopy of 9FM 



Vibrational spectroscopy of 9FM 



Vibrational spectroscopy – complete assignment 



Vibrational spectroscopy of FF 



Comparative powder X-ray diffraction 

Role of π stacking vs. hydrogen bonding 
 

 amyloid fibril aggregation? 

Structure of FF 

H. Görbitz 



Electrospinning of monomers is possible for aromatic 
peptide (derivates), which are able to assemble (in 1D?) 

The solvent should be strongly electrophilic (AN ≥ 88), e.g. HFIP, TFA. 

The upshifted/downshifted vibrational frequencies 
are related to H-bonding (and to π-stacking). 

Resume 

Protein spinning is straightforward, but 
the analysis is a major problem (solid state NMR?) 

 
 

“µL ES” and “ExFFES” are simple and effective techniques  
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