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Abstract
Lecithin can self-assemble into reverse spherical micelles in organic solvents due to its amphiphilic properties. With additives
such as D-sorbitol and water, the reverse spherical micelles are transformed into reverse cylindrical micelles by the morphol-
ogy change of lecithin molecules. In this study, the rheological properties of lecithin/D-sorbitol/water mixtures were
investigated. In addition, the small angle X-ray scattering (SAXS) technique was used to examine the shape and size of the
formed nanostructures related to their rheological properties. Such mixtures are expected to be used in drug delivery and oleo-
gels because of their high viscosity and viscoelastic behavior.

Keywords: Lecithin, D-sorbitol, Water, Rheology, Small angle X-ray scattering

LM = 23] of nloldl E& 0)5% T2 ©f YxFo] B
[ —
ol #AIEe Ak Felo] WstE duE 5 ol £7180 Al

HARE QS st Sl IAAE] @ FRolvh dAES A T8 o wieldo] g4 o ARl o A FHE AYL
Fd B wEel 89 AolM oleT FE Tl Atk 7M. Qlal glARe] e Fte] Wao] Soluy F2
el B 2 2E, {7180 Adelr GdS 720 5 vwev]E o vl are] Fe] o] ZolEA) Ho, Fl of 4% dH 2 o 49
ojd® A|ERE Ut EAE FUTHL2. drReRE A Y ez dAE ool viskd ), o AT d vio]d 52 o g
T & PaEge Al fAMY wiel vkt Hiole & FFo] et ol2dk o Ay § vield &2 o gxEe
I Ay A Alaglel Egua glow, At oiA FRAE A 9 ] A Wl S8 Aol Bk 1 A5t H
M e vlole dd AFel AFHI JIEH1-7]. A e TH17].

F718H el & dAES AR F2AE FsheT, 2 B dTelse drRS dedaEe] o F7F D-sorbitol©] 8=
=9 W&ol R widE7] wite] 732 o vlo]d® Az of =& F7kste] Fiet oR oyl Hshrl doju=AlE dold
1,2 = 2574 A Faol f7]8mie e, X v FE th glollA gt nhe} o], f7]8v o] "ol e 52
o] Wiz o] 7]z ie B doh o]y d gAd & o] H7H w, o A-U¥ wloldo] FAAETH11]. o] W o A
Noll &, ¢, ¢FE WIS WA Hd, 7R o mlolale] AyiH %@ wloldo] Mz ¢8l wE &3] HoAA 2 u, Frrt 543

WAL, e AAe Ad FAE #sHA dck 2 AFelA s, 9

T Corresponding Author: The Kumoh National Institute of Technology AJEl T Trol5 0 FFFELO Az o 3R §]> 2 02 sl
Department of Chemical Engineering, Gumi 39177, Republic Korea 1=l EJTE :‘ s AlEste] A —'_ 1‘ = A ‘}EOLL’
Tel: +82-54-478-6792 e-mail: Ihysshr@kumoh.ac.kr o7lell =& Hrtste] =o] UL TE 32 A%, Hedel

pISSN: 1225-0112 eISSN: 2288-4505 @ 2023 The Korean Society of Industrial and
Engineering Chemistry. All rights reserved.

247

ofmgt Y= 71A=A A1



248 200 . 7} -

2.4 o
2.1. A M2
Z HARI(95% purity) Avanti Polar LiquidslA G-3k3itk
D-sorbitol(> 98% purity) ! EIAI21(99%)- Sigma-Aldricholl A 7+
3tk WE-2(> 99.99% purity)2 MerckollA] 78kt & go)
24*(deionized water)E ©]-8-33itt.

2.2, AE 4

IAIE13} D-sorbitolS HIERS Aboll 50] 100 mMS] AFgAE &=
nlgit}. #AIEZ} D-sorbitols 2} AFNX eFtehs w2 E3st
T Ax 71AE o] gete] H'kE S AAS o)F thA] dixAlolE
ol 24AEr 7} FEE] AAEESE ok Srj7 A"
MZo] HIAIQIS ¥l 55 °ColA] 300 ipm O 2 FE3] wylale] A=
ERgA 2 sitt. sl Uk w5l MEEL
2 SAXSSAME B3 B4 A Ha 2447 B9 by st

>,

o

2.3. REEH oix

Steady-shear$} dynamic rheology 5735 $1&llA4l TA instruments,
Discovery HR-2 2@ 5717} AHEHSITE A& 57 Al 40 mm A
5 7 BB olgsto], AEH HAT Abol] 1140] 1.0 mm
7 HEF SI¥tE BE AE2 20 °Collx] S =0 aL, Peltier-based
temperature controllers AME-3te] &5 ZHsIglow, gujo]
< FHaskslr] S8 EWE ERE ARSIt Dynamic rheology =
o, BE AMES dynamic stress sweepoll X SAE A3 HekAd

Frell Héh= o4 ool S

=1 X

2.4. Small-angle X-ray scattering (SAXS)
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Figure 1. Steady-shear rheology of lecithin/D-sorbitol mixtures with
different concentrations of water in decane. Lecithin concentration is
fixed at 40 mM.
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Figure 2. Zero-shear viscosity (n,) for lecithin/D-sorbitol mixtures as

a function of water concentration. Lecithin concentration is fixed at 40
mM.
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Figure 3. Dynamic rheology data (elastic modulus (G') and viscous
modulus (G') as a function of the frequency (w)) of 40 mM
lecithin/(a) 5 mM, (b) 10 mM, (¢) 15 mM, and (d) 20 mM D-sorbitol
mixtures with 80 mM concentration of water in decane.
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Figure 4. SAXS spectra of 20 mM lecithin/(a) 2.5 mM, (b) 5 mM, (c)
7.5 mM, and (d) 10 mM D-sorbitol mixtures in decane as a function
of water concentration. The solid lines through the data are fit to
suitable models.
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Table 1. Fitting Parameters Obtained from SAXS Modeling in Figure 4

Lecithin/ . Radius Contour Kuhn
D-sorbitol/ Fit type (A) lenogth leanTh
Water (mM) (A) (A)
20/2.5/0 Flexible cylinder 16.0 395 359
20/2.5/10 Flexible cylinder 16.3 405 356
20/2.5/20 Flexible cylinder 16.5 430 398
20/2.5/30 Flexible cylinder 16.7 445 424
20/2.5/40 Flexible cylinder 17.1 437 413
20/5/0 Flexible cylinder 16.2 405 371
20/5/10 Flexible cylinder 16.4 421 379
20/5/20 Flexible cylinder 16.7 436 393
20/5/30 Flexible cylinder 17.2 458 406
20/5/40 Flexible cylinder 17.2 447 420
20/7.5/0 Flexible cylinder 16.7 435 391
20/7.5/10 Flexible cylinder 16.9 474 425
20/7.5/20 Flexible cylinder 17.0 520 466
20/7.5/30 Flexible cylinder 17.2 510 475
20/10/0 Flexible cylinder 16.9 447 393
20/10/10 Flexible cylinder 17.1 457 410
20/10/20 Flexible cylinder 17.3 536 484
20/10/30 Flexible cylinder 17.5 430 400
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