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Electrospinning (standard)

Electrospinning of polymer at 10 kV

Taylor
cone

—
500 pm Solutlon jet lct

moving 76 km/h  instability ARARD

Droplet (1000 pm)
Taylor cone (100 pm)
Jet (5021 um)

Whipping jet (1-0.01 pum)

High voltage power su

|
: .
| X ' N
| )
[~~im Gmm l
O roltage

pply 0-30kV




Substance Selection

Aromatic peptides
H-Phe-Phe-OH Fmoc-Phe-Gly-OH (Fmoc-Cys-0OH),

9-Fluorenemethanol
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Electrospinnability: Long fibres

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

Con. = 16%wt
V=15 kV
H=15cm

Fmoc-FG/HFIP A W Fmoc-FG/HFIP
0 "o ! : ‘ L b =350nm
IS 8 ? 3 ; 3 _ /] ‘%cbzuum
Con. = 18%wt .q ' :

V=15kv VAR . e ‘*\3
H=15cm % - %
Q=05mi/h [ W 4




Electrospinnability: Short Fibres
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Con. = 20%wt _' 1
V=10kV "
H=25cm
Q=0.5ml/h o 1°_l"" Fmoc-G/TFA

(Gutmann, 1976; Malavolta et al., 2006)

Droplets/short fibers

Droplets

Long fibers Good acceptor!!

Long fibers

AN : electron Acceptor Number ES needs a strongly
. electrophilic solvent.
DN : electron Donor Number (nucleophilic)




Electrosplnnablllty Solldlfled Droplets
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Con. = 20%wt

V=10-30 kV
H=10-15cm
Q=0.2-0.5 ml/h
OH O
a0 | &

Con. = 10-18%wt Con. = 10-19%wt
V=10-30kv V =10-30 kV
H=10-15cm {4 H =10-15 cm

Q=0.2-0.5ml/h | 9FM Q=0.2-0.5 ml/h

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




Vibrational spectroscopy of 9FM

(solidified droplets)
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Vibrational spectroscopy of 9FM

Experiments (cm™) Simulations (cm™)

Vibrational Modes (9FM) ™ 5 " 5
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Vibrational spectroscopy — complete assignment

Experiments (cm™) Simulations (cm) i Experiments (cm™) Simulations (cm')

Vibrational Modes (SFM) o
Raman Frg. IR | Raman Vibeational Modes (56M) IR | Raman | Raman Frq. Raman

(Pow.) . | Scaled | inten. (AIST) | (Pow.) | (Sigma) Scaled inten.

str. OH 332 3480 | 378 i.p. CH ring bend. + roc. CH; 1060s 1045 246
3250vs 1043s

ip. sym. str. CH ring ¢ | 3145w 3086 | 1077 i.p. CH ring bend. + roc. CH; + bend. COH 1034m 1035 204
3098w 3554 i.p. CH ring bend 1022s 1025 51.62
ip. asym. str. CHring 3063w 443 1017vs
3039m 39 ip. ring def 1012s 1006 1.07

e 0.0.p. CH ring bend. + bend. CH + roc. CH; 989 10.79
706 0.0.p. CH ring bend. 986 166
0.0.p. CH ring bend 151
1 asym. str. CCO 975 9.57

6.22
0.0.p. CH ring bend 948 205

asym. str. CH; + str. CH ' 53.95
938 1.34

370

866 1.78

sym. str. CH; y 4514
880 6.67

ip. bend. CH ring 1613vs 3.03
1578s 011 i.p. fing def. 852 10.82
0.0.p. CH ring bend. + bend. CgH 797 135
i.p. ring def. + roc. CH; 788 142
0.0.p. CH ring bend 763 216
748 5.13

0.82
0.70
bend. CH; 3.05
ip. bend. CH ring 721

1.02 121 374
2837
5.2 i.p. ring def 698
wag. CH; + bend. COH 5.80 656
ip. CH ring bend. 063 631
Lp. CH ring bend. + bend. CoH 548 i.p. ring def. + roc. CH; 597

0.30 0.0.p. fing def.
i.p. CH ring bend. 026 537

bend. C;H 231 i.p. ring def 510
bend. COH + bend. CH(H) 555 0.0.p. CH ring bend. + bend. CoH 453
2%.42

0.0.p. ring def 432
ip. ring def 412
0.0.p. ring def. + bend. CCO 368
bend. CCO 329
0.0.p. ring def. + bend. CCO 293
tor. COH 240
ip. ring def. 207
tor. CCC

bend. CH(H) 412

twi. CH; + bend. CsH 1.60
i.p. CH ring bend. 238

ip. CH ring bend. + bend. CH(H) + bend. COH 458

ip. CH ring bend.

tor. ring

Table S1. (Continued)

Experiments (cm”') Simulations (cm"

Vibrational Modes (9FM) ’I R R E R
aman aman rq.

(AIST) | (Pow.) | (Sigma) Scaled | inten.
105 083

70 033




Vibrational spectroscopy of FF
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Intensity (counts)

Structure of FF

PhePhe_HFIP_Spherulite [y

PhePhe_HFIP_Powder
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Comparative powder X-ray diffraction

Role of &t stacking vs. hydrogen bonding

—>—> amyloid fibril aggregation?



Resume

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 1r-stacking).

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

“ML ES” and “EXFFES” are simple and effective techniques
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