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Effect of lonic Salts on the Structure of Electrospun Gelatin Nanofibers
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Abstract: The fabrication of gelatin nanofibers by electrospinning has been examined using the
TFE/DW co—solvent system. It has been found that no beads—on—string structure was formed for the
solution containing ionic salts. The resulting fibers exhibited a uniform diameter ranging from 110 to
125 nm. As the concentration of ionic salts increases, the beads become smaller and more spindle like,
due to the increase of viscosity and conductivity. The addition of ionic salts induces a higher charge
density on the surface of ejected jet during spinning, leading that higher elongation forces are applied
to the jet. The higher enhancement of viscosity and conductivity was observed in gelatin solutions by
the use of divalent salt. However, the concentration of ionic salts scarcely affected the variation of
fiber diameter. While very low crystallinity was observed from XRD pattern for the sample containing

no ionic salt, which increased with increasing the concentration of ionic salts.

Keywords: electrospinning, gelatin, nanofiber, ionic salt.
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ZEv AATRARE Al vlEi ARgTEsSE gart Als
Zolal 718 oM A dsE o] HolHEE A7 AP L.
2 FUF Al ARt g oY g e e AduEa)
FAME A7loln TP 2T Wol AR QI AEls o]
S Ao Azl digh AlEE Wl AlgtEe] .

A7PEALl o8k Uil FEiets] 5ol e viX= ¥
WHERE I AR e v kzE & 5 9low, o]
AU o= AR R AR RS Zdeh= o] A
FAR) vl ] AlEE 218l vk Seskk

A 718991 2,2,2—trifluoroethanol (TFE) ¥} formic acid
ol st Akl L Alfre] Alxol B ®arEle] ek o]
] et TFEE o8-8 749 aszelxe] Aetel vheid
o] Az7} E7 sk, formic acids SviE ARG A9 Gvle]
Aol 2Jaix] ARG Aelx o] Az el mE Aetd 222 7}
Tt HEEQE 53] ke AepRl st waE W
ARG AZATIO] HoArE 7Rl o] Wo| AR 2F
A71ARE At veidf-2] BAS AsAE 7 do] EAlsitk

Al - AelxE oS St TFE/ S5 E3-80iE ©]
g3tod, ARk A el M Al o] 7l=EaEiehgo] glor IEE
NME A7 AP} 7Fs s AL S Alxetal, olF o83 gt
e Adre] Azl ato] 2ARsISick 58] akgole] A 9 A
=% (conductivity) 8] WSS S73te] o299 S Y kel w
S Wed7e 2 2 S0 disiA HESIICH
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AleF 2l f 2. A2l (type A powder, 250 Bloom) $-3] (calf
skin) ol w23k Zs () AElex] Jate] ARgsIglom, 2,2,2—
trifluoroethanol (TFE), sodium chloride %! calcium chloride:=
Sigma—Aldrich Co. AJ&S ARSIt

YAIBH M= AEElS TFES 5559 5 :5 EFEHIE o]
g3l 12 wiv%2] ARE e AlFSISiT el @Adel miAl=
o24e] Fiel W JEke ZARP ek 71l (monovalent)
Ql AP EFNaCD - o]7to]& (divalent) @1 9325 (CaCly) ©]

TR PG AzSG 0N, T 0] 299 ] BE JF
& <ohur] slald 0.01-0.2 Me] Tl 5120 o] 251 Akga
of pAHgLS ATk

HE Y ¥EE &Y. o]2% TF ¢ w0l wE g 3
EW3E LVDV I+ Pro Viscometer (Brookfield) & ©]8-3}¢]
Zs o, WAl gle] M WIh= SevenMulti Conductivity
Meter (Mettler Toledo) & ©]g3to] S43IQlct. gt o] #
Zhel] whE Adehgl ko] 3 (aggregate) B8-S B HAk
(Dynamic Light Scattering, DLS—6006US, Otsuka Elec—
tronics Co., Ltd.) & ©]-&3}o] S35t

HI[YAL A AlZsE] S8l ARSgE A7 IARERE 0—
40 kVY Agkaaol] 7Fsst 4% 35734 (high voltage DC
power supply unit, 3 EMT), 38 (200 < 200 mm, stain—
less steel) & F@3H(collector), IEAENS A BEEH =
= Q)= AP (syringe pump, KDS100), AP ] (gastight and

20|, 43298 #A5%, 20089

needle lock type 10 mL, Hamilton), %A 8= (22 G,
Hamilton) 2= 773a5lth Wi ire] Alxzds ixbAeE] 12
cm, SZFAT 15 kV, FAIBE 1.0 mL/h, HAREY 55 12 whhE
TAA7) AL AR o] SR o] 29 FH U TR RIS
HA AR AlESET

EHEM AR DA 9 s 28] $18) Field Emission
Scanning Electron Microscope (FE—SEM, S—4800, Hitachi) 2}
G471 (TDISE V3.1.73, TECHSAN Co., Ltd.) & ©]€3}53th
WA FE-SEMS %3l dofxl vied12] ARl ofn|AE At
7] ZRIHS o] gsto] HA, AR}, AR 55 Foldl
T} HESE UAdRdellx ) Alebel bz wiskE ER1s] 9
3f14] ATR—FTIR (Nicolet 5700, Thermo Electron Co.)< ©]8-3}
Som, ol Atdl #xpe] AATx Wl nAE 9T
X—ray Diffractometer (XRD, D/MAX—2000, Rigaku) & ©]-&3]
o] ZARSISIE XRD #40ll X—ray tubetr= Cu KoE A3}
40 kV, 30 mA2] 2712 FARISITtE Diffractogram-e 10—40°
o] W919] 205 109/ming] L& F73Ack

dit A EE

LI=Me ®MZ= 2,2,2—Trifluoroethanol (TFE) % 1,1,1,3,3,3—
hexafluoro—2—propanol (HFP) ¥} 2& &3¢ 23} I35 s
FeHllo Aepela) 22 chile. =2 gaS Helth Tevt
TFEel 83iA17]1 Aepdl &g o] &3lo|= 715738l A
RIS A Tl "olr R A7 ALE o] 85t Aehd the
AHE Alxsls Ao] oStk wlebd Aelele] 534 5
= WAX717] QlsiF @A TRAE AR gttt 53k TFE/Z
5 (distilled water, DW) Z3-8mA1E ]88 79 8- Ao
A Aepdel] Q= obil7 |9} TR 17 ZREallell sl olesh =
ARSI (polyelectrolyte) o] 5482 of-8-afe] Aehel v
2 Az 5 ok Base] gk Tev TFE/SH59 5:5
E3rulelM= Fds eAdRe Azt BrFssklon vlE
(bead) &] HALE FA=TH(Figure 1). Hbdol A2jel gollo] I35}
UEFENaC) F= 9325 (CaCly) ¥ 22 o]&dS et 2%
FAet WALz ANE A7 110-125 nm 3139] 43k v
5 AT = ATk olF o]RE AR HEEE ST
A A7HARI 8t A AIZRE 71ssiAl 2 Bt oz} wh
A 2 (intramolecular) B= #2F Hintermolecular) 274 7
& &8-(hydrophobic interaction) & 43 sl A&7 72 Al
%2 7FssHA sk A o® waEe] Akl

Ol2Y == Hsjof w2 HelEl 8% 54, o]l Ayt At
B e Azl vXE ks gokiy] e WA o]y F
7 9 w5 Wslel whE Arp 8ol 5495 ARSIt Figure 2
oM B 7 3= FAF o] FETt molda s Ak §-49)
AT%7F 04904 5.2 mS/em 2 7.3 mS/cm7HA] oA AE
ok = qlgler, 53] Y7ol (monovalent) )l SPHERHL} 0]
7tol& (divalent) Q1 fspzHge] ARgo] Awree] F7tel o aab4
]l AE & QST

o4 T Wisle]| W& g0 AE WislE SHS A o] 24
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Figure 1. SEM micrographs of electrospun gelatin nanofibers by the use of TFE/DW as a solvent containing (a) no ionic salt, (b) 0.1

M NaCl, and (c) 0.1 M CaCls.
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Figure 2. Conductivity of gelatin solutions dissolved in TFE/DW
as a function of the concentration of ionic salts.
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Figure 3. Viscosity of gelatin solutions dissolved in TFE/DW as
a function of the concentration of ionic salts.
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Figure 4. Variation of aggregate size for gelatin solutions
containing different concentration of ionic salts.
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Figure 5. SEM micrographs of electrospun gelatin nanofibers with different concentration of monovalent salt (NaCl). (a) 0 M, (b)

0.01 M, (0) 0.02M, (d) 0.05M, (e) 0.1 M, and () 0.2 M.

Figure 6. SEM micrographs of electrospun gelatin nanofibers with different concentration of divalent salt (CaCly). (a) 0 M, (b) 0.01

M, (c) 0.02 M, (d) 0.05M, (e) 0.1 M, and (f) 0.2 M.
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Figure 7. ATR—FTIR spectra of electrospun gelatin nanofibers
containing (a) no ionic salt, (b) 0.1 M NaCl, and (¢) 0.1 M CaCls.
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Figure 8. X—ray diffraction patterns of electrospun gelatin nano—
fibers with different concentration of monovalent salt (NaCl).
@ 0M, (b) 0.01 M, (c) 0.02M, (@ 0.05M, and (e) 0.1 M.
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