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Today’s content is:

Imai, T., Naruse, M., Horikawa, Y., Yaoi, K., Miyazaki, K., & Sugiyama, J.

Disturbance of the hydrogen bonding
in cellulose by bacterial expansin.

Cellulose, 30, 8423-8438 (2023).
DOI: 10.1007/s10570-023-05402-6
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Georgelis, N., Tabuchi, A., Nikolaidis, N., & Cosgrove, D. J. (201 1).
Structure-function analysis of the bacterial expansin EXLX1. Journal
of Biological Chemistry, 286(19), 16814-16823.

FATHHF CITONZ D) — TR MEEHIED T —5 LR

P -TREDUEERE, S
e 2 PSRITEUTER o AB(E L — 3L
TLVZ,

FEH

» NOZ7BLUNIFU7REDT ZELETIERNS. T
DA 2h )l 0—-AORRRESHEIER L O0-R
faamD/KREEZEL I MR EFF OEN RSN,

= =

o F&BE. KD EEEIEEHDON ?

« SEIOE MITOEERERZ ., HRBEETOFREL TEDKL
J(IBREIDDN ?

« ZROABERE. AP O-AMB TRASNDEZIE
(CECKI S 2RRPT 2 8T Y —ILCIRBIRND ?




Unlock the hornification by expansin?
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Cellulose 31,1813—-1825 (2024).
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Fig. 10. Different crystallite sizes for cellulose from different sources. R stands for the
ratio of surface chains to total chains.

Frenchetal, 2018
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Picea jezoensis (Wood)
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Fuyjisawa et al., Nano Letter 2023
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(Q:the scattering vector,
described as

Q =|Q| =4msinB /A

@: the diffraction half-angle,
A: wavelength)

Intensity (a.u.)

fi and f; : the atomic scattering factors of the
radiation used
nj - the vector connecting atoms 7 and j

q(nm™)

I(Q)mix = P1 X 1(Q)4 + P2 X I(Q)p + P3 X 1(Q)c '12‘ I(Q)p
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Liquid bridge v

+(0.381 ms

https://fyfluiddynamics.com/2022/03/liquid-bridges/ 2
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Electrospinning v
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Melt electrospinning with different heating systems \/
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Laser-based melt electrospinning

Strip Feeder

Strip

Strip Holder

Laser System
High Voltage
Power Source

L
ju W o _

2 diresds

» 1: Jet Whipping
h 1§ R

L ]

16 1 ¢ & i
S g By
.'f, ® 7 Il: Jet Bend-whipping
»
W12y e -
8 u

450 500 550 600 650 E=15kV T=525K
T [K]

Xu, H.; Yamamoto, M.; Yamane, H. Polymer 2017, 132, 206-215. DOI: 10.1016/j.polymer.2017.11.006. 47

Fused deposition modeling (FDM) \/
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Near-filed electrospinning v
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Nazemi M M, et al. ACS Applied Bio Materials, 2022, 5(2): 394-412.
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Melt electrowriting (MEW) technology
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Features of MEW constructs
(») 1. High resolution
2. High porosity 8

H. Xu, et al. Advanced Materials Technologies 2022, 2101676, 50
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MEW scaffolds with complex patterns

H. Xu, et al. Advanced Materials Technologies 2022, 2101676,
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The effects of structures on mechanical properties
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MEW stents
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The effects of print seeds on pattern shapes

H. Xu, et al. Advanced Materials Technologies 2022, 2101676, 1 mm
15
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Ashour, S.; Xu, H*. Polymers for Advanced Technologies 2022, doi:10.1002/pat.5755.
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Jet diameters and Jet speeds along the spinline v

Zhou, Zhiguang, et al. "Development of an intuitive visualization system for measuring the melt electrowritten 17
(MEW) jet diameter along the spinline." Polymers for Advanced Technologies 35.1 (2024): €6280.
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Poly(lactic acid) MEW scaffolds \/

(1) Meng, J.; Boschetto, F.; Yagi, S.; Marin, E.; Adachi, T.; Chen, X.; Pezzotti, G.; Sakurai, S.; Yamane, H.;
Xu, H. Materials & Design 2021, 210, 110063.

(2) Meng, J.; Boschetto, F.; Yagi, S.; Marin, E.; Adachi, T.; Chen, X.; Pezzotti, G.; Sakurai, S.; Sasaki, S.;
Aoki, T.; et al. Biomaterials Advances 2022, 135, 112686.

(3) Meng, J.; Boschetto, F.; Yagi, S.; Marin, E.; Adachi, T.; Chen, X.; Pezzotti, G.; Sakurai, S.; Yamane, H.;
Xu, H. Materials & Design 2022, 219, 110781.

A52-il£™

Ashour, S.; Du, L; Zhang, X.; Sakurai, S.; Xu, H.
Unlocking the print of poly(L-lactic acid) by melt
electrowriting for medical application. European
Polymer Journal 2024, 204. DOI:
10.1016/j.eurpolymj.2023.112675. 18
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Low-cost MEW device \/

Motor translation system

Xu, H.; Fujiwara, S.; Du, L. Liashenko, I.; Luposchainsky, S.; Dalton, P. D. Accessible melt electrowriting
three-dimensional printer for fabricating high-precision scaffolds. Polymer 2024, 309.
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top view

5 layers

High-resolution MEW scaffolds 61

Wound dressing \/
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H. Xu. et al. Journal of the Mechanical Behavior of Biomedical Materials 2022, 132 62




Wound dressing with directional water transport feature \/

Du L, XuY, XuH, Ye X, Li Y. Colloids and Surfaces A: Physicochemical and Engineering Aspects. 2022, 641, 128486. 21
Du, L.; Yang, L;; Xu, B.; Nie, L.; Lu, H.; Wu, J.; Xu, H.; Lou, Y. New Journal of Chemistry 2022, 46 (28), 13565-13574. 63
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C12 = Lauroyl chloride

08[

0.6

DSS

04[

0.

02_g

1 T T T T T T T T T T T

©

1| ® ca 7]
1l W cCs
1| ® c12 ]
o ca T
O ce

¢ -

1l o c12 |

HD

PE

O el o
' 1

02702 08 0E

Reagent / mL

DSS : REEHE

Yokota, S., et al., Carbohydr. Polym., 225, 117342, (2021).

\_

] OBAD LT

HD% = YVEEE D E
PE% = HALLEREDFE

Vig# (PER) 87 5 5EROKF

*Reagent =1 mL

PERTIIXYVERWTZILFILES
BALXYTLAlEEH

~

J

PERTRTILIZEWLTHELWLDSS (0.7)

Lauroyl chloride = %+ X MRFAR, bl

80

60

40

20

Water contact angle /°

100

KA#HF+ R ME
X p<0.05

Glass = CNF* v R MED
—— 5 P ps MV

i S U

i M7 EiRikFEH Y
B 1 La-CNF* % 2 Mo

L BALE

27| 7 - U
i EiRfkFHEL L
0.2

0.6 0.7 I=>DSS

CNF

La-CNF

10

96




La-CNFOEF L7 At X

SO - HIRIC X DIEFAK ?

<RFERF—L>

EiR

BR7K 14 BB i

\

La-CNF

287K 1 2R T

DR EZ DT LICK Y IREL

La-CNFF¥ ¥ X FIE (AXH V)

160 La-CNF
- : ; A & ) 1B L5 B
B e ] R
~ 120l = 1 % I\ TR
2 = +7—7
2100 |- N.S. I aqg. : Water, hex. : Hexane
© S. M
g %1 L. ~T7°1| | 1 La-CNF(0.7)_Glass hex.
S 60 !
O
% 40 | NS.
gl
N.D.
0

aq. hex. aq. hex. agq. hex

DSS= 0.2 0.6 0.7 WCA =116.2 +4.2°
EIRDE Vs s 3 BRAERRD SNED > 7 h
Nt 5

a8




La-CNFF¥ ¥ X FIE (AXH V)

[ RSO - HIEIC & 5 IRZL
&R

KRR

BRI R ' 21

RO FREA IS MU 7= BRKESBAL + MY
= FENEAIRR S hf-mThelE

EyhYvsIeilsaryRizsids

LtA—RF/ 7 7ANN—0RFANZ 704 I1L{IckY
PRI TE 0).‘—7«1’2*%1.“3%' B3N Ta 70y
BLUEKESREZRIE L 7=,

DY P > DTN nal BN EalaNg| — Gy
Qs Y O o) T Ul i ey Ui g ¢
< o




A  ®ECOILNEXT 2720

AL VITIOE GLL

COI-NEXT

LINVO—R D 7A=Y — F OBRERSH

101

BE I NAX=2T Y PVORRMEDAE &5 roos

AH - R EREDEDRE
Y i

L0 —AEE FB I RR—2FT Y ol BEX T OHROBE
| EE - R AGRONEN PRENRASENER
(ZR—v - BRER C MENEM L 2 ERRRROKSE

CEERE R ey o
BBz & 2MBEM L >COBEB I

(124 BREL. 2BRT52F v /b bokER
HARBIIZLZREERF v 738 K—CO2HR

B BB HRNYPHABLERPRTIAF v 2 ~DEHE

5@ : eNO—R(F/)ZPAN—DIRZBZ L WVWHBRIZO IS,
YOrl iz LT I 5EZI¥RI-2T3

102




, Ok*{0 A #mCor-
K% JST COI-NEXT (##5%, 2024-2033) Y AA v roR
o E ¢ https://akita-sozonomori.com/

[(FofBEE#REBL:. BRLIZELIORBHSR

o

PL gIPL gIPL

& RE ® F& #Bo| H¥—8p
(FKBRIIK) Qo (SuMPO)
DANERFEN . @ xita Prefectural University o AN %%}\;’;
@A I Axe A BN A P =
konr)) 18 7 K F R . “ @ BT A A
A K KOBE UNIVERSITY e S ‘gﬁ k ? E? I‘Ej X ?

AHEamAR

R S WER o) ek

MoprBI READEL KeFs. keErT,

22 [Tl Il sumpo  #sei J3ERSt Q@ TAKENAKA AFIFT=|M  HASEMAN

wwwwwwww TOYOTA AUTO BODY

B & 4&

i HOEME o) HEERT

103

bt A HECOI-NEXT
?&2 JST COI-NEXT (A48, 2024-2033) Ad VY0

WaEeys v

AoOMEXREBL. BRLIEZSEHIORBUR

2—Hy k] 2=y k2 2—5y k3

(X1t - EEOBER) (=M - BIFOBR) (A - HDIEE)
HoEOFTREB L RIBHRIBEAMTRIZL 3 IR ERER
Y —A v ITDBR #ish o i R =1L ITOVRT LOBE

BrARrAHE EFEEZEICLIAREDOUSRELBLI-HEES

F 2R LEV(:#bHREE ML) 38 h0
BLAM  AERFRM L HOSOHIRE
Fribv AEMAESE BHOHIRE
Hri EBEAIZEZOMALETS
HrL A HIBEREROBH

S5 oDHREAFRBEEFICH T T J
ey oK@ TRIBT N

104




A KHECOI-NEXT

EReNO0O—R D2 PANRN—Y— FDRE AL V0%

N T HS52a3=F4v7 PUIFESIH—F

L/ s

K- I NNIR105H P =BS5S 22E PrvIiF—7(E330um,
AKE 500mL CSF (A —D—FDR)* A—H—fDR) %
CF1 mt Cl vt - A N5 AN IS FE R 2 RS T32g/m?2 72 Y WREEF TRET
B3 0.60mm 2%

- [REZE 0.84 g/cm3

AR A

K= I VNIB1505 PN =D S RER FiF—7(E330um,
AIKE 150mL CSF (A=—D—FDR)%* A—h—FDR)%*
CF2 |-R3BA-BETVRER | N trr L RO 7 2 Y v Ri6EH CRET
«[E 3 0.62mm 2H

c [EFE 1.24 g/cm3

105

FEME SRR (- & 2 PAEEMESTED o Qo

L D& RS R
BEEEL BREER
K SEHE O I

()FTE D hoEBSRIA T

BREHE SMJ/m2LLT
TR 209 R
ERBRME 109 R
SRR 598

L Q)RBERBRES0WEL

T200kW/m2%#8 2 % v

Fh B0 S ER
(o—vpoY—x—4%-)

B A DT —- ‘
2= b mgimong
T\ ok

(¥97007C) 1%

(A LTHEELEB & T
BT RRPALL

HARAKRE ¢85 THRL
BERZECEEXN,S
(ISO 5660-1)

106




LNO—RIT PAN—— F OBREEZEE) &0

B 158

FECOI-NEXT
VAV AN

LI HS5SRD—F4 T PNVIBESIX—F
BRI 9 BKERE 128 HX05/ - & L(3008)




ZIVO—RT PpANR—Y— F DBREEZEE) & ons

F2 NI HS5R3=F4 7 PSS I5H—F

12085 0% 12080 %

O EILBE B EMIIBE RBLEHLT
RENAE 46 MI/m2  REAE 87 MI/m2  HBEHE 025 M)/m?
—AREY (2. SEFIMRRIL DO RFFR A G IT CEMEE L@ L
SEFNMERFEOF 7 I BHRERE L. CFORE LR &3]

BINO—RT PpANR—Y— F DBREEZEE) & T00ns

R, BLNVO—RT7ANRN—— FORAHATRIZH T 2 R ESH

109

NG | BERE| BARR | EABN| RE0Ba
A2
RS Iy | o) e | )
CF1 120 3.5 226 14.9 HhH (GLERIKEEL)
mane
CF2 120 4.6 215 8.9 HhH (HEr{EEEL)
) CF1 120 /7.3 215 15.8 HH GLERIKREESLR)
HS5SRIDI—FT 4 V7
CF2 120 8.7 234 12.4 HhH (GLERIKEESL)
CF1 300 0.1 1.7 - ZL
PINIBESIF—F
CF2 300 0.25 2.7 - L

Q[ kMK D BMY (BEELLSE - BRBER)

REEtrEt 209/
ETREE 1027
B 59

(PR D hEERA T Q) RBFEBRE H108E QIskLTEELRB®E T
BRHRE 8MI/m2LLTF T200kW/m2 % # 2 &\ BBT28RPALL

XEBRIZ, BEHEFAZ T TL . EERALIRAAES L EHIRRTE I N « BFFD




Akttt LTRIABT 31213 Py Qo
P 3B 658

JDJ—vhHhO!) —X—&— bﬂ?’ﬂ'?&
- 8854 2450kW/m? * 854 2450kW/m?

(B 50.6mm) £ENIL - 55 BECF

v PN IBE

/\ 45HBIC PV IRBEERRORB
100 5
% ~ 80 RERE | , o
:\i 60 3 =
i S
S 40 2 ¥
Ol #®
i 20 @
0 EEHOE| |
0 15 30 45 60 75 90 105 120

hoEeER) ()
. CF2oFEEFIRICE T 22 HDE CBEAS DRFEE)

MRBERE 0.6~ 1mm/D DRE T, BEB*PHCICIZI ESI3~5mmrE
—SIBFHIME 4.6 x3~5=14~23MJ/m IZEE (- FES

111

R RE ¥ RETE o Qo
P 3B 658

D—vHol—x—2— hoFAtR
. 353 2.50kW/m? » $353 #,50kW/m?

PNVIi%S5IA—FCF

v PN IWE

: ~ 80 4 &
'ﬁ' R N FEMoE &
- = KDFFCFEBOBE——1 ; 3
% 0 ﬁ 2
e 1 &
i 20 1 8
prag %

0 0

0 60 120 180 240 300

POEBERY ()

B PViBESIF—FCFOEERPVRLRENS DRFEDH
—HERIRFEFE 5 (6008 H0EN) 14, ARIEER TIZART.
EMOEIRPBGEER, I HFIIL2XETDIZER

112




#HECOI-NEXT

i o AA¢ VI 07

LIVO—R D 7A=Y — F OBRERSMH

e
* REOBHFRICL 2R TIIRO, IZHEEL 2.

*HIRDI—FA VI ICRIBLCHREIEBOShGh oI, \
SBECAIMAY R O EBMHDRILRE. O

s PINISIZ— PV ERMENLRD S AT,

iR
SHEARRFI LS VBB OB & BHESD.

LO—2RR2FEMEFRAVEBXBEIZ@IG T

« B o BIRNB(BROKKCHE, EHRGHELE, AL R IZL 2FR)

- BB o (RBE P FE2L)
- ERDTFTH (ERHXZR - v— toilaEHe)

ESPR (FH It LB Q0 -0 3 F7H( YEU)DEUTOIEITE

SEEIRFTHEZ 2L TLEVER~NORG (2K - 295 - BARALY)

MAEE - PO —RAZZEMEZAX o DHERIE

113

A  #ECOINEXT 27250

AdVTTI0K OGL

COI-NEXT

o &

AW IE. JST COI-NEXT. JPMJPF2215

(Fo@EXEREBL:. BRLIESEHLIDRBAR]

DEEX»RITI-HDTT,

114




I O—RF /D74 —D LA O —4F54

2024/12/2
FAEH BHBR

115

tjbn_XjT{/{_(CNF)O)l/TD:)— 1 Introduction

1,000 -

Viscosity (mPas)

ATL—H§E

100

RHEOCRYSTA

0 100 200
Shear rate (1/s) (R B—ITEHE RERIVER

LA RO —R O T, SHEMHOK - RETERICRE

116




ZK E 0) I\to\yb 2 Introduction

CNFELUE/ILA—RF /1) ZAZ )L (CNC) DEBEMLLA DD —44
1. CNCE LU CNF 2 &E D [E A $5E[n] (SCRRE)

2. CNC D #5558 £ #2F0

N €& A
3. CNF O #538 {Ei#% (T7 A N—FIDAE A

A TS HRESED

N\

[a HIZEETES ]

GE:CNFIEHMIZS B ECNFERRET D)

N J

117

1. CNCHEELUCNFAERDE R FE[N]

Open Access
https://www.jstage.jst.go.jp/article/rheology/50/1/50_73/_pdf/-char/ja

ﬁ*. Mihon Reorogi Gakkmshi Vol 30, Ne 1, T3-82
I& (Journal of the Society of Rheology, Japan)
22022 The Society of Rheology, Japan

||1Vited Heview DOL 101678/ sheology 50,73

Rheological Properties of Nanocellulose Dispersions in the Dilute Region:
Current Understanding and Future Perspectives

Reina Tanaka

Farestry and Farest Prodhucts Research Institute, Forest Research and Management Qrganization,
I Masunosata, Tinkuba, Tharaki 305-8687. Jupan
{Recerved : September 29, 2021)

The current knowledge and prospects for rheological properties of nanocellulose dispersions in a dilute region are pre-
sented. It i essentiad 1o clanfy the rheological properties of dilute nanocellulose dispersions because they represent the
properties of nanocellulose. This study highlights intrinsic viscosity and viscoelastie relaxation, which are indicators of av-
erage size, size distmbution, and flexibility. While the intrinsie viscosity and viscoelastic relaxation of rod-shaped cellulose
manoerystals (CNCs) can be expluned by existing theories of polymers, those of cellulose nanofibers (CNFs) are not fully
understood because of their Kinks and flexibility
Key Words: Nanocellulose / Intrinsic viscosity / Viscoelasucity ( Relaxation

Tanaka. Nihon Reoroji Gakk., 50, 73-82 2020
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7, dispersion medium viscosity
Nsp: specific viscosity
¢: concentration
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B 7 AR (p<~100) 4> FILD[n]
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E > 1 < TEMPO-CNF 3
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[ A 3 | oNC ] . .
- Pk O© 4 > ]« Simhaz=X
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o T F ] (F—UORWVMERRZERTE, p>> 1)
c C e ] 5
~ u A /,’ - =p_ 1 1 E
= 2k 3 - [l 5(3(ln2p—1.5)+ln2p—0.5 15
: 0 ; Simha J. Phys. Chem. (1940)
[ - fliKep ]
1 -7 1 1 Lol
10 1 2
10 10
p

SAl[n] (FkpTRE) > FE[n]

—— RESFEMESNE (The primary electroviscous effect)

1) Jowkaderis et al. Cellulose 2014 2) Lenfant et al. Cellulose 2015 3) Boluk et al. Colloids Surf- A. 2011
4) Wu. Cellulose et al. 2017
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Tanaka et al. Cellulose 2014

122




BT RRIME (p<~100) 2T D[] ©

10 E T T T

> 1 '« TEMPO-CNF
r m 2 ]
A 3 } CNC ] _ )
- 103 ® 4 ]« Simha=z
! /,_: -~ ~
° T (F—SORVERRERTE, p>> 1)
e
- - > p 1 1 14
S 10 F A 3 =% 3(n2p—15) In2p—-05) 15
P EHY
101 -7 L L Lol
10' 10°
p

® Ei[n] (EEMATRE) =~ 5TE[n]
—RESHMENRIEZMASZETERE

® 1&7Z’\07I‘ttﬂ->70)b0)7x/\07I\J:tp(j: . S|mhait—c¢g$mﬂﬁj-ﬁg

1) Jowkaderis et al. Cellulose 2014 2) Lenfant et al. Cellulose 2015 3) Boluk et al. Colloids Surf. A. 2011
4) Wu. Cellulose et al. 2017
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1) Jowkaderis et al. Cellulose 2014 5) Tanaka et al. Biomacromolecules 2015 6) Yamagata et al. Nihon Reoroji
Gakk. 2020 7) Iwamoto et al. Polym. J. 2014

*Usov et al. Nat. Comm. 2015; Ito et al. Nanoscale Horiz. 2022
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Viscoelastic Relaxation of Cellulose Nanocrystals in Fluids:
Contributions of Microscopic Internal Motions to Flexibility
Reina Tanaka,* @ yu Kashiwagi,'r Yuki Okada,”® and Tadashi Inoue'®

@ Cite This: Biomacromolecules XXXX, XXX, XXX~XXX

Article

pubs.acs.org/Biomac

"Department of Macromolecular Science, Graduate School of Science, Osaka University, 1-1 Machikaneyama-cho, Toyonaka, Osaka
560-0043, Japan
*Forestry and Forest Products R h Insti Forest R h and M. Or 1M Tsukuba, Ibaraki

305-8687, Japan
© Supporting Information

ABSTRACT: We report the viscoelastic relaxation mechani of cellul
nanocrystals (CNCs) dispersed individually in fluids. Linear viscoelasticity

and flow birefringence of softwood and tunicate CNC/glycerol dispersions in
the dilute regime were measured. The obtained results were then compared
with molecular theories for the linear viscoelasticity of rigid rods and
semiflexible rods at infinite dilution by taking length distributions of CNCs
into account. Although CNCs are traditionally regarded as rigid B i

rods, the viscoel ion was not d solely by the rotational
motions of rods. Alternatively, molecular theories for semiflexible rods well-
described the viscoelastic behavior; the CNCs showed additional relaxation

Expt G'&
Theol G' Pa

way /s

modes derived from microscopic internal motions 'mcluding “tension” and * curvature which originated from the finite flexural

rigidity. Birefringence relaxation of the CNCs was dominated by the

the CNCs were thus calculated from the birefringence relaxation and agreed well with their microscopy-d;

| motions of rods. Length dlsmbunon functlons of

o

11

Tanaka et al. Biomacromolecules 21, 408-417, 2020
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i \ STTEEMEAE B MEER
5o JTEH L
Pd: 0 \/ t o(t) = o, sin(wt + 8)
= 0y(sin wt cos & + cos wt sin §)
\ STEMMEAR = &yocos 8 sin wt + ﬁyosin 8 cos wt
o ¢ Yo Yo
Pd:n/3
) . Op .
=% {— cos & sin wt + —sin § cos wt}
Yo Yo
/\?E'I‘E () G G"
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Shanker et al. Journal of Rheology 2000
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(Gorrotation, Gi,s*:tension, G, *: curvature derived from tension,
Gyt curvature derived from flow)
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pubs.acs.org/Biomac

Viscoelastic and Birefringence Relaxation of Individualized Cellulose
Nanofibers in the Dilute and Semidilute Regions

Reina Tanaka® and Tadashi Inoue

. . V‘Ci(e This: https://doi.org/10.1021/acs.biomac.4c00038 E Read Online
ACCESS [shl Metrics & More Article Recommendations @ Supporting Information
g s Exp. G >Theol. G'
it l (at high w)
23t
<2 : .
Wk iICNFs: non-ideal

'wa' /s_'1 semiflexible polymers
.

Tanaka & Inoue Biomacromolecules, 25, 5718-5728 2024
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BAXELVTHEDTE

10° olpen'lG’l — " TEMPO-
0°F closed: G" .o°. | E)fggm_% Sﬁl\gg SRR
(nm)
g2 0.063 350 gt
Din 1.29 200 60% A 00— A KA MK
= 2.58 200 60% A T0— X IKA MK
=G 2.58 260 60% AT 0— X IKA MK
(EL. BRE-FHE-DBUEDOFHEDEZEWVNTFEERELTER)

HARXBIUREUIEIZEST . BIREA LABIZ DN TG H M

1) Matsuo et al. AALFOS—225#2021 GE:G'INEEDFENEEINT-E)
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1) Huh et al. Phys. Rev. E 2006
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Y. Fan, T. Saito, A. Isogai,
Carbohydr. Chem., 2010.
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