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FE2E E)lu—RADdn/dc

2-1 HRE

dn/de it (FEA ORISR (ZEEOREZITT RO RITROLE{b2£D L,
BELIIEIZ L0 B0 ML OHe 5 T B A2 RO D - DI NERETH 5, — I dn/de i
VLTI & 7 3R 2 ST SRR g CER L7 EE2 v 5, L., Br—AZ® LICI/IDMAC
2 O LICUDMI I8 @ dnlde o 32l % AV SEC/MALLS HIE 21T 9 & RSk o148
ENDHFEEIFRESBERDHERLRD, ZHUE—BEORE D FERARICIZ A Sy
B4 Tho, £, dn/de MEOREITIZIEMRIREDWKRNBULETH D13, ZNETOEL
B — AFROTRGIE T, BHERZ R BT 2720, ERERQREO L 0 — X EIRD
FRUTEE LW 2 &0 i FEDPBEF O /L r — ZFEHERE A 2D | 4B 6 dnide fE
EEHHTHZENTERNIE S, BAr—20 dn/de EORIE %2 N#Z LT\ 5,

AECIE, TROFT ) 74 T I b — 2% S SLICEERED T A F—FE L, W
R 2 R U7z, PIEEBROK R, TOREINERET I FRIEEICERET D 2 &2 Rl
L7z, & 2 CLIEMERIRE DO b v — AP OFELTT ik 2 et L LICHT X FEEER T O dn/de
EIZ DN TRF & 1T 2 72,

2-2 ER
2-2-1 BERAEK

o —25EE L TR OSEEREM L7 2 FEE Lz 7 40 7 ) vk ra—2&
(MFC, Celish KY100G Daicel FineChem, Ltd., Japan) % X 7 o 7 ¢ 7 U IABALERIC 0 FHEL L
T IMERHEIR £ v B — 2 (F-MFC) % iV 72, MFC ORI T PERE AT OSSR, 7171 > 96.2%.,
T 12%, XU T 22%, T T EF U 03%ThH o (HIEREAT T 4.2.3 28), MFC
(BRI Z R L, 05% wiv O 1L OREIRZ R Lz, Z ORMBIRE @EARE YA
' — (Star Burst Mini, HJP-25001S, Sugino Machine, Ltd., Japan) ~C 10 [FJZLEE L (245 MPa, / X
JVES 0.1 mm), BkME(L L7=F 7 4 7 U bk n—R (F-MFC) iRzl L=, Z o
ki (40 mL) % FRoOi L/ BRI E HAE TR L C, BRI 21T o 72, 1m0 BEA L
BRI K DMK, w05 B (12,0009, 10 43F) & HV Tk & 0B L, Rk =00 Bl
War AW Ty — VEEBERZ 3[E] (% 30mL) . X DI =7 F T L a— LR E# % 3
[ (% 30 mL) 17\, SERIIKERET D, B)— U CEIKGEE TR LKy &t
= —2A (DP15, DP7) ' & RIARIC, im0y BEA IR L TR, BRSRR LT, R A&7 2
0 — AR (DMAC A[¥87 2 o — A (DMAc—amylose) 3 ffifH & 8% LiCI/DMAC A[{A7T X 1 —
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A (LiCl-amylose) 3 fifH) 1IB&IAC 2+ (JAMSTEC) 76 TRt L TW i, £
AT D B =3k H KD a-5 F > ¥R (Chitin P, Dainichiseika Color & Chemicals Mfg. Co., Ltd.,
Japan) & AEEIK R TR AL U, Do BRI E AL Tk, BRI L, (R0 F &%
F > (A-Chitin) ZFH# L7, AEEMKEIZ, 5 (100mg) % 1M HCI (100 mL) &%
H1C 85 °C, 2 WL, =00 BERE (12,000 xg, 5 7)) ZHWT EEAZREL, 55
7= % 0.05M NaOH ([ZiR{E %, DBz v, PRI D £ TR 21T o7, 7
VT AL — R (P20 My 22,800, P200 My, 212,000, Shoko Science Co., Ltd., Japan), /L&
—Z2 MU 77—k (LT-35 My, 138,000, Dainichiseika Color & Chemicals Mfg. Co., Ltd., Japan)
ERVZF L RAHZ K — R (PS30k My 30,000) , =& B4 — & (Wako Pure Chemicals, Japan)
s /Lo — A (MCC, Cellulose powder C Advantec. Toyo, Co., Ltd, Japan) 1%, ik fh % ELZ2
Wi LW, HiEY Fo A (LICH, PAFATE FT IR (DMAC) B X OMLORERE
BT EER AR £ 1T E R IR 7 n~ 7' Z 7 ] (Wako Pure Chemicals, Japan) % L7-,

2-2-2 8% wiw (8.2% w/v) LiCI/IDMAc BI&REB LU 8% wiw (9.2 % w/v) LiClI/DMI BIRD

8% wiw LiCI/DMAc ¥%i&1%, —Wf 105 °C HE22z8 L 7= LiCl (16.49) & DMAc (200 mL) %
WIE (4°C) TLIMGB A%, ~ 732 F v 7 A X 5 —TDMAc ZH## L7275 5 LiCl 2% .
1 REIRIE TR, 30°C T 1 BafiHR, el L CGRIL L=,

[FkkDF 5T, 8% wiw LiICI/DMI 1%, LiCl (18.49) % DMI (200 mL) (2N FR#d L7z,

T RREHEE LICI Z2H 50 LOMAIL TEL &, BE LIZBORBIRIC L D IRIERO
Bl ENTED, £z, LICHT I FRELIE, LICI &7 X RREBRT OF KR PK
WIEE LICH R LIZK < 720 @IRE LICI IRRORBNREEC /25, —FH, Bre—2
WRIE LTI, BKRENMEVIZEE B0 — ADEIREITE /2D 2 ERHEI R TVA 2,

2-2-3  dn/dc BIE AR OFRR

F-MFC (160 mg). A-Chitin (170mg) % 8% w/w LiCI/DMAc (5mL) 2z, 7 xF
V7 AR T —T1LRMESE L TR L, B —X M) 77—k (400mg), RN ZAF L
> (200mg), ErbEA—2 (400mg) (X1 AFEHE L T L=, 7/v7 2 (400mg) 1%, 8%
w/w LiCI/DMAc  (25mL) Zh1x, 60°C THNE L2235 1 AL C@EM LT, b0
BT & B — AN ERITIEMR L 72 8% wiw LIC/DMAC ¥AiIZ DMAC 2%, 1% wiv
LICUDMAC I&HEICATIR L7z, & 512 1% wiv LICI/DMAC TAR LT, B E M EE 72 al Rk e
AR U7 (Table 2-2), RIRRICHZBEL7=7 /L7 (400 mg). LiCl (600 mg) & /o —
A RYUT7E®7T—1b (430 mg) #DMAc (20 mL) (Zhix., 1 HEECTHEELL AL, &
o EA—2Z (400mg) IE, RBEAK (40mL) ([Zz, 1 HRIETHEHEL AL, bbb
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BEIECATIR U ol B B 72 B UBHIR B DV iR 2 B U 7=, 2 T O IE 0.45 pm PTFE 7 1 A
R—=PFN A7 Z 7 44— (Millex-LG, Merck Millipore Co., Germany) % il L 7-F%, HLpL
DET T, FERERL TS &l LTz,

2-2-4 Sy FERIE AR ORER

SEC/MALLS #I7E D7 VT o P20 ERik 4 3 Tl & P200 Ak 2 FifHA LA N D iE Tl L
7zo 77> DMAC %L, P20 (8 mg) Z DMAc (4 mL) IZiAf# L7 (A:P20-DMAC),
77 D 1% LICIIDMAC ¥&#1%. A:P20-DMAc (2 mL) (Z LIiCl (20 mg) Z ¥ L <. 1% wiv
LiCI/DMAc &R E L= D & (B:P20-DMAc—1% LiCI/DMAc). P20 (16 mg) % 8% wiw
LiICI/DMAc ¥R (1 mL) Z¥f#E#% ., DMAC TAVBR L T, 1% wiv LiICI/DMAC ¥k E L7 H D

(C:P20-8% LIiCl/IDMAc—1% LiCI/DMAc) %L 7=, CiIt/Lm—2Z D SEC/IMALLS HIE
k& A USR5 ECTH D (Figure 2-1), 7 /L7 > P200 (16 mg) 1% DMAc (4 mL) (ZAf#
L 7= P200/DMAc & P200/DMAc (2 mL) (Z LiCl (20 mg) % iz 7= P200/1% wi/v LiCl/ DMAc
L7,

MCC (20 mg) 137&K% /K, 7 & b, DMAC DIEIZKIAEES (A0mL) T 1 Bk, =i
Oy BiERE 2 FO C AR CIABEEHR 3 1] (4% 30 mL) 17\, #&%IC DMAC ZB&% LT 8% wiw
LiICIIDMAc Z# /Il x &% 5g & L7z, 2115 DK 0.4% wiw MCC/8% wiw LiCI/DMAc (F5241Z
W9 2 ETHIFEL 72, S 51T, DMAc THMR L, 0.05% wiw MCC/1% wiv LiCI/DMAc % i
B 7= 34, [AEEIC DMAC % DMI (2% %2 T 0.05% w/w MCC/1% wiv LiCI/DMI ZFHHRi L 7=, (X
sy fiEt/lm—A DP15 & DP7 (4 90mg) |3758/K, =4 / —/ L. DMAC DJIEIZ IR E 1%
1TV, DMAc ZBrZ%E#%. 8% wiw LICI/IDMAc (2 mL) #inz., 1 » AM@E#HELE, 2oz
DMAc TAR L &5 F &L 11— 2D 1% wiv LICI/DMAC Z i L 7=, T OEREIE 0.45 pm
PTFE 7 4 AR—PNRA LT T 07 4 VE—%il LTERFCS BRI X D IFIA TR, 58
BRI LT D EHIT LT,
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Pullulan (M,,: 22800)

———————— DMAc <------ 8% LiCl/DMAC
v \ 4
A: Pullulan solution Pullulan solution
in DMAc in 8% LiCI/DMAc
———————— Licl <------ DMAC
v v
B: Pullulan solution C: Pullulan solution
in 1% LiClI/DMAc in 1% LiClI/DMAc —
v A\ v
SEC/MALLS/RI analysis

Off-line dn/dc measurement

Figure 2-1 Procedures to prepare three pullulan solutions (A,B,C) for SEC/MALLS analysis and two
pullulan solurions (A, B) for off-line dn/dc measurement. Reproduced of image with permission from
Elsevier (OElsevier 2017)

2-2-5 F-MFC ® 1% w/v LiCI/DMI B DR

F-MFC @ 8% w/w LiCI/DMAc &K & [FlIkED 514 TE-MFC @ 8% wiw LiCl/DMI &K % 5 L

L7z (2-2-3 M), DMIEHEF TiL DMAC I L 0 IRl LIZ <, BRIARIZ L »
A% L7z (Figure 2-2), DMI % /1% 1% wiv LICI/DMIIETRIZ AR LT,

Figure 2-2 Celish solution in 1% w/v LiCI/DMI (left) and 1% w/v LiCI/DMAC (right).
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2-2-6 A7 74 nERITREIES: (Off-Line RI) 12X % dn/dc #IE

— AR O dn/de 1L, JREZE 272 4 FEEL EOEKEZ R L, RERITRIER

(Optilab, =658 nm, Wyatt Technologies, USA) % AW IET %, dn/de EIFHIERK FIZ L > T
LA D20, SAECHERTEZE (DAWN HELEOS-II, A=658 nm) & [F U & CHlE %
ITHOWMENRDH D, WEIX045 pm O PTFE 7 4 AR—PNRA LTI T 4 N E =55 LT
HERE DA 5T ) v D% B R AR RN ER ISR L. > U PR 7 (Econoflo,
Harvard Apparatus, Physio-Tech Co., Ltd., Tokyo, Japan) % FVTiiti# 0.5 mL/min T{To> 7=, %
50 dn/de fEVRHIERS R B FIREDE BHRE (aV — oaVasline) & Z DI H ASTRA
Y7 U =TI KRB L, o 13 RURHERZEEEEL V1T RURHERO1E 558 | Viaseline 13
RIFEHERDOR—Z T A A58, dn/de fEHIE 1T, IEMERIRE DUSIEA LI TH 5720,
WKL R L Tt 5720,

2-2-7 SEC/MALLS AIEIZ X 25 FERER X O dn/de HIE

K Odnldefids L OV &AL, AERITERRESE (R 2/ EGHGELR TS
(MALLS) ##AGboEet A Xbr7 v~ 277 1 — (SEC/IMALLS) % W CHlE
L7z, SECOfERkIX, A>T A4 7 vH— (DGU-20A, Shimadzu, Japan) ., HJER > 7
(LC-10ADVP, Shimadzu, Japan), 4 — kA > = 7 #— (SIL-20AC, Shimadzu, Japan). 77 7
LA —7 (CTO-10ACVP, Shimadzu, Japan), #/— K# 7 2 (KD-G, Shoko Science Co., Ltd.,
Japan), YA XHERRA 7 4 (KD-806M, Shoko Science Co., Ltd., Japan) . 254 Bk ELiR g
(DAWN HELEOS-II, A = 658 nm, Wyatt Technologies, USA) . ~Z=EITRMHEZE (RID-10A,
Shimadzu, Japan) 72572 %, YA XPEH 7 2 KD-802 (Shoko Science Co., Ltd., Japan) %
SfEELR—RETIn—REFRETDHEREICEM L., 7— % —0OIfGE L OMITIX
ASTRAIV Y7 o =7 (Wyatt Technologies, USA) Z 7=, KU =F L U A X X — F (My
30,000) % Il E AICARAEREL & L CHIE & 36 2 78 o 7o, JIESLEIL. VAR 1% wiv LiCI/DMAC,
FEHO.5 mL/min, 7 LA —7 40 °C, {EAEIL00 pL, =i{E25°C& L7z, HIERIEIZ0.45 pm
T A4 AR—P AT T T 4 L% — (Millex-LG, Merck Millipore Co., Germany) (238 L 7214,
HAIE L7z, 50 Odn/defE i ZSEC/MALLSHIERS R 7> 5100%FICRE X (2—1) 2 M,
ASTRA V7 7 =7 TR L7z, 100%[EIREC X Ddn/defEfllE Tk, EAREE N IERME
THHZLENVHATHY | BRI LI 20 T BERE 2 D722 ide 720,
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dn a
dc Vvinjected

Z AVi (Vi - Vbaseline) (2 - 1)

peak

o 1T RI R HHEREEE EE, Wineced [FIEAR (ML), YAV (ZK R T A ZOHEME, Vi I RI
*ﬁtﬁ%&@{%%é@fﬁ\ Vbaseline 6i *ﬁﬂj%&@m»—}(?/{yfg%gﬁfgo

2-3 MRLEEBL
2-3-1 Bl

IEfE7e iR DL 1 — AFEHRIR OFHRAEE L 2 & id' e — 2O dn/de 5O HIE % (K
HEZ LT, HERIAREN R S T D MCC T LICU/DMAC 250 LICH 7 2 > RIRBEC 5
BRIRT DX, TR Ry, =¥ )= AF ) —)Ve EORBECIRILE LA 1T > 7-%. &
#\Z DMAC IEEHA A AT O TR B2, LarL, DMAC 72 ED 7 I U SR 2 vl
ICE - TREAIIRET 2HITH L 5, EMfRIREDO L 1 — AR Z TR 5 F0RHIRZR
Dol L LAEL RO o—/v e —2AEGER8@mNF 7 4 7 bk rr—2 (MFC)
EEERET VA P —TE SICHHEL R L MRS F8/E (F-MFC) +5Zkicky, 732

R R E A 1T D9, HolRaEl 2 B4 8% wiw LICUDMAC ([ZIAfiE 5 Z LN Ta=2 L
T, EfMRREEOEL g —AEROTBN I/, T, a2y b —p
S ERLEE MR WA L 7 & R & LTz MFC ISR EE 72 BRI 72 ) ) 7 ¢ 77U VAR ALER
ETHZEICEY, Brr—RI7 117 07 U LNIZ 8% wiw LICI/IDMAc 2377 L7 <
Y EBICHTEMETT2Z IR VIERBEDE L — AR AR CE Il Z L
Zbhd, Fiz, o —2AOEMEIITREIOKSBEEST 572D, F-MFC 2% /) —
e =T FNT 3 — )L CHIE A AT 5 2 LI R Tk T A Z L bk
BT CThotz, Tz, ¥FUHTH ) — L E =T FAT IV — WIREE B SRR LT
iiAK9 2% Z & T, 8% wiw LICI/IDMAC (RS 5 Z LM TE 50, BAr—AEREY b
720 B THRWDIZ W, £ 2T, MK R Z 3 Z 72, AR5y - &1k (A-Chitin)
THZET, REETF U E R LT,

Table 2-1 (KR T 2 IR E OREMMEZ R LTz, Er A — XTI %2 % LICI 237217
X, DMAC IZITEfE L 72V, e —R &7t FufbLizre—RA MY 77— ME
LiCl OF B b b3 BRIEMETH 72, 7T 1L DMAC IZIX=IR TG IR T
%73, LICUDMAC YA\ CVEfRT 5 I INRT 2 MER H - 7= (2-2-3 B),
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Table 2-1 Solubility of various polymers and cellobiose in Water, DMAc and 8% LiClI/DMAc.
Reproduced of image with permission from American Chemical Society (©American Chemical
Society 2015)

Solute Solvent
water DMAc 8% wi/w LiCI/DMAc
F-MFC insoluble insoluble soluble
A-chitin insoluble insoluble soluble
DMAc-amylose soluble soluble insoluble
LiCl-amylose soluble insoluble soluble
pullulan soluble soluble soluble
cellulose triacetate insoluble soluble soluble
poly(styrene) insoluble soluble soluble
cellobiose soluble insoluble soluble

2-3-2 dn/dc fE

SEC/MALLS MIFEETIE, IEA L X 7R 2 E L, B L7z dn/de fEO A1 4 AR
O dn/dc & L7z, Z o dn/de iz FHWEH L= F &7 v > b &5y 8455347 % Figure 2-3,
RIERE R4 Table 2-2 12”7, TNENOREIDOFET 7y MIBTORETERY, o+
BOMAOHEBOIREL —H L), Zhb0dide fEiZRYS Thid EEZLND,

Off-Line RI JIiE¥ED#E H % Figure 2-4 & Table2-2 (27”3, £ CORE TIEIE R2=0.999 & 72
D EWEREE R LTz,

SEC/MALLS #I7E £ D A-Chitin O 43 1- 8B/ A X IR O v — 7 JEIRIZZE A TV 5 (Figure 2-3
d)o ZHITEREOFF U FRITEDRIEFICE S, 2O E NGB EE s KT L
7oz Th %, Off-Line RI JIEVEDHIE BRI B 4 Figure 2-5 (2777, SEC/IMALLS #IE{ET
I%. Table 2-2 DR TR U 7 VA 2 VABER CTH 30 (5 IC IR LAe BN B RIET 5, £ D72,
SEC/MALLS HIE DER O FZHFEHREE 1X, Off-Line RIJAIE 1 TILHIEBRFLL T O 7 Haik &
72%, F£7=. LICIIDMAC ¥&#Z TlX, LiCl @ dn/dc fEA3FEND dn/de DK 35 L v7e ) K&E W
fED 7=, LICI BEOFRMREDOHEENKE 2V Off-Line RIAIE L CITAKRREZE DM
EILDMAC AR L 0 & & HICNEE L 72 %, Table 2-2 12 2 D ORIE HIEIC K 5 BIRBZH T 5
FWED dnlde EORERRE R"T . EArr—XA NI TET—FERY AT L ATBWTL,
2 OOREFENSLEE L7z dn/de fEIX—3 L7z, F7=. Off-Line RI JHI/EEIZ L % dn/de fE T
LiICl OFHIZ D B PR TEE 720 . 215 OE5 TR O JBITRIZIT LICl ORI —F
L LTR—=RAT A UICEEN @O dnlde [HISIFHE LW 2 L83 b0n D, —15.1% wiv
LiCI/DMAc & 1 T? F-MFC. A-Chitin @ dn/dc &I 2 - Ol E S5 15 TEEH O 5 & ARk —
H L 7o 7z 67,
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Table 2-2 The dn/dc values of polymers, cellobiose, and LiCl in various solvents. Reproduced of
image with permission from American Chemical Society (©OAmerican Chemical Society 2015)

dn/dc, mL/g (concentration range, g/mL)

Solute solvent
SEC/MALLS/RI off-line RI

F-MFC 1% LiCI/DMAc 0.131 +0.005 (0.125 — 1x1079) 0.065 (0.5 —4x107%)
F-MFC 0.5% LiCI/DMACc 0.131 (0.25 - 5x107%) 0.084 (0.125 - 2x107%)
F-MFC 1% LiCIl/DMI 0.104 (0.125 - 1x107%) -

A-chitin 1% LiCI/DMAc 0.138 £ 0.004 (0.13 — 1.1x107%) 0.091 (0.13 — 4x107%)
amylose 1% LiCI/DMAc 0.130 £ 0.003 -

amylose DMAc 0.095 + 0.003 -

pullulan 1% LiCI/DMAc 0.125 (5x107?) 0.069 (0.13 - 4x1073)
pullulan DMAc 0.091 (5x107?) 0.091 (0.02 — 2.5x107%)

0.042 (0.02 — 2.5x107%)
0.04 (0.01 — 1.1x1072)

cellulose triacetate 1% LiCI/DMAc 0.040 £+ 0.001 (0.5 — 2x107%)

cellulose triacetate DMAC —

poly(styrene) 1% LiCI/DMAc 0.150 0.148 (0.63 — 5x107%)
cellobiose 1% LiCI/DMAc - 0.067 (0.125 — 1x107?)
cellobiose water - 0.146 (1.25 - 1x107?)
LiCl DMAc - 0.39 (0.025 - 1.5x107%)
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(@) F-MFC in 1% w/v LiCI/DMACc

(b) F-MFC in 0.5% wiv LiC/DMAGc

(c) Cellulose triacetate in 1% wi/v
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(d) Chitin in 1% wi/v LiCI/DMACc

(e) Amylose in 1% wi/v LiCI/DMAc

(f) Amylose in DMAc

—— 1.1x10-*g/mL
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Figure 2-3 SEC elution patterns and corresponding molecular mass. Reproduced of image with
permission from American Chemical Society (©OAmerican Chemical Society 2015)
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Figure 2-4 Relationships between concentration of polymers, cellobiose and LiCl, and differential
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refractive index determined by off-line Rl method. Reproduced of image with permission from

American Chemical Society (©American Chemical Society 2015)
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method. Reproduced of image with permission from American Chemical Society (© American
Chemical Society 2015)

26



2-3-3  dn/dc fE L R DR EME~D LICl DL

T BB OBEERB AT IR SN TWD 7 VT % DMAC & LiICI/IDMAC (Z¥fiE L,
SEC/MALLS #IEVE & Off-Line RIAIEEIZ KL 5 dnlde ED ik A 36 Z 72 o 7,

3 FEFHD P20 ik (2-2-4 Z[R) @ dnldc fil & 4> & % Table 2-3 (27”7, P20 (% My 22800 ™
HPLC 7 VT v A% v 2 — Rk CTdh 5, AP20-DMAC % Off-Line RI 4 & 0 HH L 7= dn/de
fi£ 0.091 z v SEC/IMALLS MIEZAT D &, /F &8 (Mw) (X7 VLERROfEE —FH L, FEH
P (Calculated mass) & aEFHBLEE (Injected mass) & —E L7z, ZDZ b, dn/de fi
0.091 L IE72fli CTH 5 Z & 3 n>5 (Figure 2-6) , — 7. C P20-8%LiCI/DMAc—1%LiCl/DMAC
|2 Off-Line RI %X » % H L7z dn/dc i 0.065 % iV T SEC/IMALLS JIEAITH &, /o F &L
BEORERIX, TREIIRE BARSMEE/R L, £2 T, P20-DMAc OERIREICA DY
72856 @ dnldc fif 0.125 Z VT My 2RI L7 & 2 A, My i P20-DMAc O & —E L7z,
ZOZENL, FNT O dnlde fEiE, DMAc %R TlE 0.091, 1% wiv LiCI/DMAc #&#K Tl
0125 THDHZ ENbnbd, WIZT VT AKX H— K P200 (My 212000) @ SEC/MALLS
ERER (dn/de fi£ 0.125) % Table 2-3 & Figure 2-7 (Z7x9°, P20 L [AAE. DMAcC HoD TN 7
LRSS, A ABRRKRENWZ EnbnDd, 72, DMAC H Tl slope fEA R Z W
Be7eoloZ &b, 77 21X DMAC 1 CIE LICI/DMAC 1 & 0 HIEMERIIRE < &
FIIXRDB - TV, 72, My bl IERERERNE LT,

7 VZ @ dnlde X, DMAC ISIEClitELra—2 N 75— kL [REEIC 2 SDORIESH
ET—EH L2, 1% wiv LICI/DMAC I8 CTik 2 S ORIE T EO dnlde fEI:—EH4, £h2
nNofEiZEra—20 dolde [EOFRMEE 72oTzy ZDZ D, LT b —RT
1% wiv LiCI/DMAc H TRl CISfRRREZ TER L TRV . 2 b D 1% wiv LICI/DMAC IR D
dn/dc 25 2 SDOWPETTET =B LRWERKE LT, LCl ODFEDOHEERHELETE %,
SEC/MALLS JEEOHFER, 7 2 1 —% (DMAc—amylose, LiCl-amylose) @ dn/dc £, DMAC
& 1% wiv LiCI/DMAc TH7Z2 0 . 7 V7 > @ dnfde i & ITE & 72> 7= (Table 2-2), Z D X
N, TN a—AEEERFGR ET LR ~v— (Bre—R 7In—X LT FF
>) 1%, LiCl/DMAc HClrl CIRRIREETS L HEZZ T X 5,

A ( P20-DMAc) |2 LiCl #/l%7- B (P20-DMAc—1% LiCI/DMAc) @ dn/dc flix. /L5
> % 8% wiw LiCI/DMAC I[Z¥Af#E L 72#12 DMAC 22 T L7~ C  (P20-8%LiClI/DMAc—
1%LiCI/DMAc) @ dn/dc fif & —%r L 7= (Figure 2-1, Table 2-3), Z® Z &%, LiCl ®¥shnic &
0 77 »IDMAc BT 7 /17 ILICIIDMAC BUc 2o 0 . 717 ILICIIDMAC B D J5 75 K 0
BETHDHZ L ErT,

%72, SEC/MALLS HI5E#: Tk, F-MFC @ dn/dc fE72Y 0.5% wiv LiCI/DMAc H & 1% wiv
LICI/IDMAc 1 C—%3 %723, Off-Line RI AlIELE TIXR L D E 72 o7z, 2D Z L&, Off-Line
RIAIEED dn/de fEIZIE LICI DIRENFEEL TWDHZ EZRLTWVND,

0.05% A-Chitin / 1% w/v LiCI/DMAc (Z DMAc Z 1 LFA%L L 7= 0.025% A-Chitin / 0.5% wiv
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LICUIDMAC [3x F o M L7, 2O Z &b, WRREEZ RS- DIZIE, H2RED LiCl
W SUETH B 2 L8 bhD (Figure 2-8), F7=, 0.05% wiv F-MFC / 1% wiv LIC/DMAC
VAIRIZ DMAC Z 91 L, 0.025% wiv F-MFC/0.25% wiv LiCI/DMAc 8 L TH &/l m—2 0
PritiZH onzinoic, O Lnh, B r—AFEIEFF VIR E D AR LICHRET
BRE L THPREZ R > T2 LR TE 5,

Table 2-3 Molecular mass parameters of P20 and P200 in 1% wi/v LiCI/DMAc and DMAc.
Reproduced of image with permission from Elsevier (OElsevier 2017)

Calc.
Slope  dn/dc
Sample Eluent Mn Mw MwMn?  mass®
value ¢ (mL/g)
(Hg/mL)
A P20-DMACc DMAc 22900 23300 1.01 0.19 - 0.091
B P20-DMAc— ) 22600 23100 1.02 0.18 - 0.125
] 1% LiCI/DMAc
1% LiCI/DMAc 41300 41900 1.02 0.34 - 0.069
C P20-8% LiCl— ) 22800 23100 1.02 0.18 - 0.125
_ 1% LiCI/DMAc
1% LiCI/DMAc 41000 41900 1.02 0.33 - 0.069
5200 1% LiCI/DMAc 210500 215400  1.02 0.97 0.65 0.125
DMAc 200800 216900  1.08 0.10 0.84 0.125
a polydispersity, ® Calculated mass determined by SEC/MALLS analysis,
¢ Slope value of conformation plot
10° T T T T 4x10
— A:DMAc
—— B:DMAc —> 1% LiCI/DMAc
C:8% LiCI/DMAc —> 1% LiCI/DMAc
3x10t
s g
£ >
2 E
[]
§ 2x101 %
5 =
= (0]
= 101
10 0

135 14.0 14.5 15.0 15.5 16.0

Elution volume (mL)
Figure 2-6 SEC elution patterns and corresponding molecular mass plots of P20 in DMAc (A,
dn/dc:0.091) and 1%w/v LiCI/DMAc (B and C, dn/dc:0.125). Reproduced of image with permission
from Elsevier (©Elsevier 2017)
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Figure 2-7 SEC elution patterns and corresponding molecular mass plots of P200 (above). Double
logarithmic plots of molecular mass versus r.m.s. radius for P200 (below).
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Figure 2-8 Gel-like precipitates were formed when the 1% w/v LiCI/DMAc A-chitin solution was
diluted to 0.5% w/v LiCI/DMAc.

2-3-4 MCC LB FEELVE—RADHFE

Trua—R IS FEMEMDO AR A — REBHIEWDS, v ho U X —E2FERINAK S
fifg L= MCC D4y F-BilE, L-~L 7 B4 (LODP) DP200~300 & #i5E ST 5,
B 513 DP7 & DP15 (747 > A 4 57— K AU HPLC 43 TREBIEIAIC & 0 W) 0 2
IO 7oyt /L v — 2 OB EZ ML LTV D L ZHBEEND 1% wiv LIC/DMAC
VIR TR, 2 SO HIEIC & 0 Kb 7- dnide i (Table 2-2) % ATy 7% B L=k
% Table 2-4 1Z7%9, dn/de fi6 0181 & AV TR L7 DPw R PR SRA ML IZIE 5L, &
BRI (injected mass) & FEHIEEE (calc. mass) HIFIEF—FK L1z, ZDOZ &, FvT
v EREE, Bm—20 dn/de fEE SEC/MALLS HIEIEIC L v BH S -EE V5 & T
»HD,
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Table 2-4 Molecular mass parameters of MCC, cellulose DP7 and DP15 pullulan. Reproduced of
image with permission from American Chemical Society (©OAmerican Chemical Society 2015)

Injected Calc.

dn/dc Slope
Sample Mn Mw DPy,? Mw/M, P mass © mass ¢
(mL/g) value ©
(g/mL)  (ug/mL)
MCC 0.131 19400 29800 184 15 0.50 0.46 0.6
0.065 39000 60100 371 15 0.50 0.93 0.6
Cellulose  0.131 1100 1300 8 1.1 0.51 0.52 -
DP7 0.065 2300 2600 16 1.1 0.51 1.05 -
Cellulose  0.131 2100 2500 15 1.2 0.51 0.51 -
DP15 0.065 4200 5000 31 1.2 0.51 1.04 -

aDPy = MW/162, ° Polydispersity, ¢ Sample prepared concentration, ¢ Calculated mass determined by
SEC/MALLS analysis, ¢ Slope value of conformation plot

10° T T T T
< 8x101
\
= ‘* )
g 10* I 4 6x101 £
= . o))
2 <« : £
2 =
@ : S
£ g =
- —— Cellulose DP15 ; - 4x101 g
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@ 10° F =
2 O
— > 4 2x101
102 ] 0
14 15 16 17 18

Elution volume (mL)

Figure 2-9 SEC elution patterns and corresponding molecular mass plots of cellulose DP15 and DP7
using dn/dc 0.131.
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2-3-5 JKERE L LiCl OfEAVEAR

LiCI/DMAc H TO & /L 1 — X DEFRHERE IR T2 S v Ty, /1 e — Z/LICI/IDMAC
@D BC NMR DOFERENDS, o —AFFERSCE /LT — A KERE L LICl £ 721X LiCI/DMAC
MOEER-EEITRNZ ERMENREIN TS 48710, F7- LIC/IDMAc F1CiE, Era—2R%y
FJENT LICHRENFE S R DBEARNH D & OGNS 5 7, Alalo Off-Line Rl Il EED
FERIL. MO FOERERKEORE & JEITR L ORRITEWVERMEEL R L, ZOREHERT
DIFPTENELVVETH L HEEZ R LTS, F72 dn/de fEIC LICI OFEN /L2 — R k
V77— REeRY RAF U UATITKEEEMT E A EXITEL N2 & LIClI & DMAC 13Kk &
OBFMERIEFITE T & LICIIDMAC D& KENEWNT EBv e — AT Em< b 2
Clid. e —20OKEEME L LICI Ao —2OBRBIEICBEHE L CVWA Z L AR LTS
2

o

INHDZENL, LFDOX )i o—XADORMEHENE Z bND, KEFRKEICE LR
— 2 D/KEEEEIT DMAC 1T A B LiCl-k /b b — Z KM OFE& 2R L, Fhic &
DWerw—23I7m7 47 UNEOKERE K OCBHKMEREERNIE S D, Rellkr
n—2I7n17 47 YANIZLCIDMAC N2#ETHZ LT, 2707407 UANRIEH, &
Jbi— 2453 F1% LICUIDMAC HIUZ 84 %, Bbm— 20 LTV AIREETIL. LiCl lZ& v
1 — A KEERIEEDICEE > TS (Figure2-10), ZO X HICEZ D &, WRERL I —RE
A VT dn/de il 2 I 2 9 % Off-Line RIFAETE Tk ik ot v o — 2 & B 72 o LiCl
WXk AT/ . LICI OEEAFSIEE 1S/ 5, LICl @ dn/de Xt /Lo— 20 350 1
ThY, Be—RRENEVE LICI OREARIIESR TE RN E dn/de fHIC K& < 8
T 5, BAu—2REOEINILEIL T, iR Trrn—X L EEN 7 IRFEE T O TR MK
T4 572, Off-Line RI Al ERE RITE W EMRMEZ R LIz L HER T D,

Cellulose solution in 1% LiCI/DMAc

Cellulose conc. < 5x10¢ g/mL Cellulose conc. > 5x10* g/mL

& @é@@%%@ﬁ
S S| Lo (YR B

LiCl conc. in surrounding = ~1% LiCl conc. in surrounding < 1%
dn/dc = 0.131 dn/dc = 0.065
determined by SEC/MALLS/RI determined by off-line RI

Figure 2-10 Model of cellulose solution in 1%LiClI/DMAc. Reproduced of image with permission

from American Chemical Society (©OAmerican Chemical Society 2015)
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ZDOREARLZET VI LICI MRk (v —27 EORE AL O EE) &
LiCl Ak (Bm— X LB LK) & 2 SO E AR L, 1% BELD 0.5% wiv
LICI/IDMAc HizBiF 5 —RX @00 mEmEEERD 1 Zva—2a=y 7= D LiCl
O mol #A#X (2—2) & (2—3) IVEH L, VT EXF Ao THIRBRIZEI L
7= (Table 2-5), ZiH D%, SEC/MALLS JIEEIC X DK E & 5> 7 1a#Kk o dn/de fiE &
Off-Line RI JIEIEIC L D EIBE RS TR dn/de [EDOZET, mRER Y FIREO /L e —
A LB AR O LICHRE DK I I W AL TS EE L7z, SEC/MALLS HIE % TIiE
PR DFEE S TR E IR D720, @ FICWE LTS LICl e 0& 72 LTz,

doff—line RI
1+a

(2-2)

a a
Miicl = 75 % 162 (for cellulose and pullulan ); my;c = 24

% 203 (for chitin) (2-3)

ott-tine 1% F-MFC, 7 /L7 > P20, A-chitin ® 1% wiv 3 L1 0.5% wiv LiCI/DMAC A&+ o
Off-Line RI /&2 & % dn/dc fE. dwaLis 1% SEC/MALLS HI7EE(Z X % dn/de fi. diici 1 LiCl
@ DMAC ¥EEH T dn/de i (0.390 mL/g). a i LiCl & EfE T F-MFC, 7 /L7 P20,
A-chitin 1g 7- 9 @ LiCl & (g). 42.4 1% LiCl ®4yF&., 162 1T/l n—R & 7T Df
BLa=y hD4p1E, 203 XX T O L 2=y FDO4y 1,

FDOFER 1% wiv LICI/DMAC 1 ClE 2 B — 2R L= FH7- 0 LICI# 1 271
0.5% WiV LICUDMAC IR+ 5 & 3 n— 20K L=y k&7 Y LICI K 14574 &
7¢ > 7= (Table 2-5) , SEC/MALLS I E#5 K75 . 0.5% wiv LICI/DMAC H1 T3 1% wiv LiCl /IDMAc
H LV b F-MFC OARYEH) “ R mES RN E T/ S < 7eo 7 (Figure 2-11 (b)), ZHHDZ &
. IO LICI EEME T+ 5 Lkro—2ENo LCI &b U, B & 72 %
EEZLND, L L o ERERERICIE LICHREOFIRIC L 2 EIL 2 h - 7= (Table 2-4)
¥ F 13 DMAC Z1 %, 0.5% wiv LIC/DMAC (Z#R$ 5 & . 7 AbD K 5 R SR 5
% (Figure 2-8), ¥ F U idfk L=y F&H72 D OKEEIED 2 >DTHY, EArr—2D 3
DX HDnT®, LICHRERTICE D RLEIZR VLT WVWEEZ Hid, LICI/IDMAC H
T, IO DO@ED RO ZEMRITIIKBEDHFENEE TH L Z L 2R LT,
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5x10"* g/mL F-MFC in 1.0% LiCl/DMAc
—— 2.5x10™ g/mL F-MFC in 1.0% LiCl/DMAc
5x10™ g/mL F-MFC in 0.5% LiCl/DMAc
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Figure 2-11 Effect of LiCl or F-MFC concentration on SEC elution patterns and corresponding
molecular mass plots of different solutions (a), and relationship between SEC elution volume and
r.m.s. radius of cellulose molecules determined by SEC/MALLS analysis (b). Reproduced of image

with permission from American Chemical Society (©American Chemical Society 2015)
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Table 2-5 Amount of LiCl apparently bound to one repeating unit (mol/mol) of F-MFC, A-Chitin,
pullulan molecules. Reproduced of image with permission from American Chemical Society (©
American Chemical Society 2015)

polysaccharide solvent LiCl (mol) bound to one repeating unit
F-MFC 1% w/v LiCI/DMAc 0.55

F-MFC 0.5% w/v LiCI/DMAc 0.41

A-chitin 1% wiv LiCI/DMACc 0.51

pullulan 1% wi/v LiCI/DMAc 0.48

2-3-6 BBV L3S FERAIE~DOHE

REEOTRBER N B2 > T, R CIWE THNIE, T BHERERIIFEC 25137 TH 5,
LiCl D2 % 25 L 7= 0.5% wiv LICI/DMAc & 1% wiv LICI/DMAC HC F-MFC D4+ &I E
FERIT—% L7z (Table 2-6), F-MFC/1% w/v LiCI/DMI ZFH# L, SEC/MALLS H|E %17~ 7=
FER. My X DMAC OFEH L IZIEFR UM & 72 > 7= (Table 2-6), L7> L. DMIAEIED J57° DMAC
IR0 2 WEMRWRER &R | FESMITEZR > 7= (Figure 2-12)

Table 2-6 Molecular mass parameters of F-MFC in 1.0% wi/v LiCI/DMAc, 0.5% w/v LiCI/DMAc,
and 1.0% w/v LiCl/DMI. Reproduced of image with permission from American Chemical Society (©

American Chemical Society 2015)

F-MFC Calc.
Slope
conc. solvent Mn Mw DPw?  Mw/Mp® mass °©
value ¢
(Mg/mL) (ng/mL)
1.00 1% LiCI/DMAc 105000 227000 1400 2.2 0.92 0.60
0.50 1% LiCI/DMACc 68400 224000 1380 3.2 0.48 0.60
0.25 1% LiCI/DMAc 80100 231000 1420 2.9 0.24 0.60
0.50 0.5% LiCI/DMAc 63600 227000 1400 3.6 0.50 0.56
0.25 0.5% LiCI/DMAc 67700 226000 1390 3.3 0.25 0.57
average 77000 227000 1400 3.0 — 0.59
standard deviation 16800 2550 15 0.5 — 0.02
1x103 1% LiClI/DMI 146700 246000 1520 1.7 0.99 0.61

aDPy = MW/162, ° Polydispersity, ¢ Calculated mass determined by SEC/MALLS analysis, ¢ Slope

value of conformation plot
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— 1.0% LIiCI/DMI
1.0% LiCI/DMAc

Differetial weight fraction (arbitrary unit)

108 104 10° 108 107

Molecular mass (g/mol)
Figure 2-12 Differential molecular-mass distribution of F-MFC dissolved in 1.0% w/v LiCI/DMAc
and 1.0% w/v LiCI/DMI, obtained by SEC/MALLS analysis. Reproduced of image with permission
from American Chemical Society (©OAmerican Chemical Society 2015)

2-4 £&¥

DMAC /A E 2 L TV R W ELEE F-MFC % 8% wiw LICI/DMAC IZEBARMRT 5 Z LN TE
7o ZORER, IEMRREOR L0 — AWK ETRT 5 2 LT dn/de fEORE DS ATEE
2oz, Bam—ZD 1% wiv LICI/DMAc @ dn/dc fEi% SEC/MALLS HIE LN HHEH L E
0131 LRET D Z LITE V| Brue—20ixt i+ EORIENFRE L ol Br—AX
e e TERBOFRE LTRSS AVSRTEY ., B2y TESOA 2R T 25 2 L1,
JFEtOMEE I KEFRTH 5,

Off-Line RIVAIELEIZ, BKD dnide fERIEHIE L L T—RIOTIEH D28, Ern—20%
F 72 ED X 92 DMAC IZIEfFT DBS. LICI AU TH 5 E4r 1O dn/de fEDHIE X TE 72
WV, ZORKE LT, 2D OESTOKEERIZ LICI 2385 L, IR C LICI O E AL
WAETDZENEZ B, ZOKEER L LICI O AEIER D &5 DA S LT 5
EEZLND, Flo.BEAr—A LRI NV a—REKRTHLT I 0 —AL 7 LT i3 DMAC
B & 1% wiv LICI/IDMAC H1 @ dn/de fE2S #7720 | ZAUI LICI OFEIZ L > T Ir—2
RTIT v OVRRERECTRR T CORMREIT R /2D Z L 2R T, £72. 25O LIClH AR
o Off-Line RI HIEVEIZ LV £ 5417z dn/de fE 1L SEC/IMALLS (2 X 2 45 Bl (2 13w S 72
STy EHIZ, TNT T 2 a—AD 1% wiv LICIDMAC F1 o dn/de fEIL., B/ m— 2%
F 2 ? 1% wiv LiICI/DMAc 1 @ dn/dc i & fUME & 72 o7z, 26D Z L6 | LICI DA S
KB 7NT v OV COBRMIRIEDENEZ A LM 5 2 LT, Blbu— XD %
AT 2 FR00 R GELND B HILD,
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EIE ELAO—ROEFTILELTOS LT D LICIIDMAC HTD
VA fRsAE

3-1 HR

/L — 21X DMAC X° DMI (ZITIEfRET 5 Z L IXTE /203, 8% LICUDMAC 7213 8%
LICUDMI IZIZEIRT 2 Z L N TE 5, 2O F L UL TR L E— 2 DEMRIZ LICI 73 & 0 &
INEHL TV D O0, BAr—RTREP TED L D RIEERONITHONT, ZTHETH
2 DFATHFIRSLHMENRH O | A R TRDDIFREINTND L ODORIZHH SN T
Y110

T n—RAEERT D EV D Z i BEENOEL B — A5 RIS ST Tk FEis
AB X OBUKMHEEERZ 2 TN L, Era— 25 CBOMEERRETSZEICLY .
A=A 1 RLARESF LIV THHMESE, ZORELHRFTL22LThD, BR
— RO FNAKREREAIC L 0 ESIRIC R . B8RO e — 2 5B OKERE E
TIXBKMA EAERIC K O RERIED I 7 a7 4 T ABERIND, ZhbOh0FRR0+
NGB E LB —ZADREMEDOERTE L HEIND, B — 2B A EDA R EDT I %
AHEIECIRIET D &, ML, FESEE (CL) IMETT2 L 09 2 &4 X BIETicky
O > TWD 18 (Figure 4-9), ZHHOWIRHP TIE, B r—R50 1R &5 THK
FREB OO UIRNIE Z 52, R THARBHIUIB SN S Z ERRW=D, Blo—Rid
BIRICE SRV O TRV EBZ LD 1,

LICIDMAc &, ZAEFRLBERESA E oY A4 XPPRI7 v~ N 7T 7 1 —
(SEC/MALLS) Z MW ey PR MAEIC —RIICHW O TV D L —REAITH Y |
tra—2AREEZEMT H72DI1CF, HHEREOEBE LCI WRALETHD 15,
SEC/MALLS HliEH O/ 1 —ZAEHRIZ, B/ rn— X% 8% LICIIDMAC IZ¥fE L. TERER
%12 DMAc Z ANz LiCl L% 1%ICA R LT 5, 2o m —A%HKIT, 1% LiCl (24
LTI AT D 2 & REBFRIREBAZHERF L T D, 2N b Z &b, LiCl
23 DMAC IStz IV Tl b m— 2531, 43 FINKERE G SO0 S iL7z R, 2406237
FEETHOEMET HDICIEEW LICI BENKLETHDL—F, BB Lt rr—2
ILICIIDMAC &I D LICI JRFE % 1% PP Chea— AR LianZ g — RS
HEvNa—RRRIZLZETCHLFER LMD, hutre—X Ky, BAEELr—R72 L
DT L1 — 2%, EDA IZIR{E L TIAM L721%. DMI X° DMAc AIE#LZ T, 8%
LiCI/DMI £ 7213 8% LiCI/DMAc I Ci#fET 5 Z LIC K VIEfEcE 5 718, Z i, EDA R
L VErr—2I 707 47 UARNOSTNE L0 FRKER-GR 5O s, &
A NI 8% LICI/DMI % 721% 8% LICI/DMAC 73i21% L9°< 722 0 | LiCl 3L o — 245+
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X OV FKFREEIIEM TE 272 LR SN D, B/ — Z/LICIIDMAC DVt
ONT, TNFETHEXRONCY I a2 b—y g VXM fThbh T& 7z, Lo L, LiCl
L DMAC S ED X H I B —AEMRIZE S LT DO H, LICIIDMAC R ToO& /L a— R 55
+<° DMAc F1TD LiCl DkREe & RIZMH I T, EArr—20ET Aalkl s LT
e A=At Iv—F AN TONBLOELLITONTE 2R, ErbE A —ATX 2
% LIiCl £ L ClZ DMAC ICRNETH D72, W Co LiICl FEEIZ L 58/ e— R 5F~D
WBLERADL Z LIk o7 2T,

F2ETIE, AU AF Lo —A Y 77— MAK® dn/de fE1E LICI O )
WOLTRCME 2V, 2 FEOWEFENSEHINMS —H L T\, —J. DMAcC
HTOT VT O dnlde B S 2 FEEEOME HFIEIC L DERIT—F L Tiz2y, LiICI/IDMAc H
TO dn/de fEIX 2 FFEHOWEFIE TR DME R LIz, SHIZ, 2 20WEEOT VT v Lk
N —AO dn/de EIZENZEIVUERME E 72 o7, 2D X 57 2 SOWEFETHE G dnlde
A= LRnE v ZEE3L, —REREMRE D FTIEALRRY, £z, TVvI7 o 73
n—2A, Blru—RA XFUOLIRITNa—RAEIEKREKETDESFO 2 PEEIZLY
HFoie dnide fEIZENENLAEPEEZ ~T 20D, ZRHD TNV a—RAEERFKETD
w50 F DUSTRSESCTRI T COaFREEIZRIC THh 2 L HER T X 5,

TNTAITNT—=A3 5B a-l-4fEE LTz~ b Y A=A a-1-6 fEE TR LT
WEFFOZPHETH Y, EERIAZ v~ 777 ¢ (HPLC) % 7= 1Bl E D4y 1 B
HEYE L LT om R RE OB ik s vTcngd (Figure 3-1), 77 idt
Jbr— A L B2 AR L, K ATENED D DMAC IZ b B CIEIRT 52 TH 5,

F72. H-NMR A7 FLTiE, SEHEENICHET 2KEEEE (R-OH) o7 m hidrm
— RRE =722 2 0% < MERE., MR, MEL R E0RE YV 7 FoE
— 7R LB LTV, ZOHREFHL T, \LAEEOBNE(LE BT D 2 LN TE
b, T TARETIE, ETMVWE L LT VT D DMAC & LICIIDMAC IO NMR JI7E %
T, WIEFCLCI NI AT N EDLEHITHEH L TCWANETHRAZ LT, Era—R%
BTN A=A ARG & T Dm0 ORI OF3 0 & Lz,

Figure 3-1 Chemical structure of Pullulan.
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3-2 EE

3-2-1 REERE

MO T NT AKX Z— T (P5, Mw: 5900, Shoko Science Co., Ltd., Japan) . E/KE{LIAME
DMAc-dy (Cambrige Isotope Laboratories, Inc. USA) 2 NMR JITEFRENRS KOV E L THW -,
fth, oD FR IR OPR I 1 L 3R K % (Wako Pure Chemicals, Japan) %4 L 7=,

3-2-2 NMR JIE AR OFRR

TNTG AR K — R P5 (41.5mg) % DMAc-dg (2 mL) ([Z¥fE L (P5-DMAC) . Z DIAIK
(1 mL) 2 LiCl (10 mg) %Wz iaf# L= (P5-LiCI/DMAc), P5-DMAc & P5-LiCI/DMAC {2
WEMEHEDE T N7 AF /L F 2 (TMS) ZEEMNZ. NMR JIERGBRKRE L=,

3-2-3 NMR HIE

HIEZEE 13X, JMN-ECATIS00 spectrometer (JEOL, Tokyo, Japan) 4 L7, HIEHFIEZ
IH-NMR, BC-NMR, !H-'H COSY. H-3C HMQC. #RFHE &1L 0.6 mL, HIEEE T 23°C (&
IR) F7-1% 35°C 19,

33 MREEL

3-3-1 NMR BIEIZ & 27V T v OEEFENT

1H-NMR, 8C-NMR, 'H-'H DQCOSY. H-3C HMQC #IEIZ X v . P5-DMAc & P5-LiCI/DMAC
DI NN T NERET D Z LN T 7= (Figure 3-2, 3-3, Table 3-1, 3-2, 3-3) , K& (—OH)
DE—71%, WEREAZEZ THNMRBEZITO & REICZR DI LI VWIKFERES 2358
F 0. BE 0 SRRl ~> 7 b L (Figure 3-4) . H-3C HMQC #ll/E Cik, &#&Y
— 7 BBl vy (Figure 3-5,3-6), 6D Z Evn IH-NMR A7 kLD C-OH 7'
FroOv—27 L C-H7r hrOE—7 1 IRFHITHRITE S, £72, H-'H DQCOSY DAL
V— 7 RIS T2 2 & T N D I BT R EPGE L, BIZ HH-8C HMQC D%2
FEE—I DO —R D I N7 MHIRETE - (Figure 3-5, 3-6, 3-7, 3-8),
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Figure 3-2 *C-NMR spectra and signal assignments of pullulan in DMAc and 1.0% LiCI/DMAc.
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I-H6,
5.0 4.5 4.0 35
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Figure 3-3 'H-NMR spectra and signal assignments of pullulan in DMAc and 1.0% LiCI/DMAc,
showing (a) C—H and (b) O—H protons. Reproduced of image with permission from Elsevier (©
Elsevier 2017)
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in DMAc at 35 °C
in DMACc at 23 °C

L~
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in 1% LiCI/DMAc at 35 °C
in 1% LiCI/DMAc at 23 °C

6.0 5.5 5.0 4.5 4.0 3.5
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Figure 3-4 Changes in chemical shifts of *H-NMR spectra of pullulan in DMAc and 1.0% w/v
LiCI/DMACc at 23 and 35 °C.
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Figure 3-5 "H-"-C HMQC spectra of pullulan in 1.0% w/v LiCI/DMAC at 23°C.
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Figure 3-6 'H-"c HMQC spectra of pullulan DMAc at 23°C.
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Figure 3-7 H- H DQCOSY spectra of pullulan in 1.0% w/v LiCI/DMACc at 23°C.
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Figure 3-8 "H-'H DQCOSY spectra of pullulan in DMAc at 23°C.
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Table 3-1 13C chemical shifts of pullulan in DMAc-dy and 1% (w/v) LiCI/DMAc-ds.

Solvent Glucosyl unit C1 C2 C3 C4 C5 C6

I 100.1 73.0 74.0 82.0 71.8 62.2

1% LiCI/DMAc 1 101.6 73.2 74.7 82.8 72.0 61.4
Il 102.6 73.7 74.7 71.6 72.3 68.2

I 100.3 73.1 74.0 81.8 71.8 62.4

DMAc 1 102.2 73.3 74.6 83.2 73.4 61.3

Il 103.0 73.7 74.4 71.7 72.6 68.5

Table 3-2 *H chemical shifts of C—H protons of pullulan in DMAc-dy and 1% (w/v) LiCI/DMAc-ds.

Solvent Glucosyl unit H1 H2 H3 H4 H5 H6, H6p
I 473 343 393 350 365 421 361
1% LiCI/DMAc I 517 349 38 324 38 380 376
" 506 344 366 322 388 375 3.66
| 472 338 387 350 364 412 3.60
DMAc I 509 345 380 324 378 384 3.77
" 500 341 359 316 389 375 3.66
Table 3-3 *H chemical shifts of C-OH protons of pullulan in DMAc-dy and 1% (w/v)
LiCI/DMACc-ds.
Solvent Glucosyl unit C2-OH C3-OH C4-OH C6-OH
I 5.59 5.85 - 5.26
1% LiCI/DMACc 1 5.89 5.93 - 4.75
Il 5.99 5.80 5.70 -
| 5.14 5.54 - 4.95
DMAc 1 5.71 5.47 - 4.65
Il 5.83 4.95 5.14 -
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7 /LVF > @ DMAC & LICI/DMAc H1 TP BC-NMR 227 kL& IH-NMR A2 /Lo C-H
7'v hrOE—73EE—E L (Figure 3-2, Table3-4, Figure 3-3, Figure 3-9, Table3-5) . LiCl {Z
KBTI LN o T-, —J7, LICIDMAC FCT7 V7 o ® 9 FiET X TH C-OH 7=
YOE— T IFERE ARSI 7 L (#0.10~+0.56ppm) . ¥ — TR — IR E o
7= (Figure 3-3, Figure 3-9, Table3-6), ' — 7 MMEREGMIZT 7 h 51T E O & H DOIEREEN
NTHnb, 2FV, C-OH EOMBEEEIZI ENDZ A2 RL TS, Fio, E—Z RNV ¥
—772FE C-O-H OEX IMHSNLZELTRY, H—7effiEil /o TV0WbHZ EERLT
W5, ZHHHERNS, LICUDMAC 11 ¢, 7V T v Offuk LA o 9 FiEHO C-0H 71 b
VIEE 2 IZ LCH & OMEAERNH Y | REEE XSS OO, BhE T SIEE Lo
WEh b oTWVDZ ERHELTE %, LICIIDMAC I D J7 78 DMACTRIR L 0 b BE/R T NT v
WK T 5 &V D Z LE, SECIMALLS MIEDFER L & —E+ 2% (2-3-32M), £7-. 9 M
TRXTOC-OH T b DT INNTT NEETEIZIENnL, C-OH 7r hrD£ <X
FHEMRILTHZ L 7e< | LICIDMAC EFHEMER L TWAD Z EARE Tz,

in DMAc

in 1%LiCI/DMAc W

6 5 4
ppm

Figure 3-9 Difference in chemical shift of *H-NMR spectra of pullulan in 1.0% LiCI/DMAc and
DMAc.
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Table 3-4 Changes in 13C chemical shift (ppm) of pullulan carbons induced by changing the solution
from DMAC to 1% (w/v) LiCI/DMAc. Reproduced of image with permission from Elsevier (©
Elsevier 2017)

Glucosyl unit C1 Cc2 C3 C4 C5 C6
I -0.2 -0.2 0.0 0.0 -0.1 -0.2
I -0.6 -0.1 0.1 -0.4 -0.3 0.0
I -0.4 -0.1 0.3 -0.1 -0.3 -0.3

Table 3-5 Changes in *H chemical shift (ppm) of C—H protons of pullulan induced by changing the
solution from DMACc to 1% (w/v) LiCI/DMAc. Reproduced of image with permission from Elsevier
(©Elsevier 2017)

Glucosyl unit H1 H2 H3 H4 H5 H6, H6p
I 0.01 0.05 0.06 0.00 0.01 0.00 0.01
1 0.08 0.04 0.00 0.00 0.02 -0.04 -0.01
1 0.06 0.03 0.07 0.06 -0.01 0.00 0.00

Table 3-6 Changes in *H chemical shift (ppm) of C-OH protons of pullulan induced by changing the
solution from DMACc to 1% (w/v) LiCI/DMAc. Reproduced of image with permission from Elsevier
(©Elsevier 2017)

Glucosyl unit C2-OH C3-OH C4-OH C6-OH
| 0.45 0.31 - 0.31
1 0.18 0.46 - 0.10
1l 0.16 0.85 0.56 -

3-3-2 & m—RDIRRME

TINT  DEEP TG FREEDRER NG . B — X OEMBEREIZ OV T TD X S 1
HZZTE S, DMAC ' C C-OH 7' 2 b DfffEE % BT 572011, Bve— 20 3FHET
NTOOHH L LitK O ClA A HOBNHAE/ERDBMLETH H, HIT, Bz —2A(F DMAc
IR L7202 &b DMAC 3 it v — 2R EHEERIZ L T,

F7-. LiBr/DMAc % LiCI/IDMAc & [FfRICE/L 1 —AEEHITH Y . NaCl/IDMAC (21Tt m
— IR L2 NEN D, LML —ABRICLETH DL B2 65,

Adam 51323 2 L— 3 VOFEEN S DMAC T TIE 7L 22— 20 LitKR N ClA A 1%
LRSI IR S TN =D . S LIt N ClA A & 7 a— 2B O E/EAIC RE S
BLTRY, FIZHA XD/NEW LitS A idrm— 258 A D AT, 7L a— A8
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CSRERER R T AT O LIt A e a — AREE DO R ER ThDH E DTG D,

T m— 2 F B OKERE ETITBUKKS S 200 L, £ OREBZHER LT\ D 2 &5,
TR —ANEM L TWNWDHZETHY, Lt Aot —AKBETXTEHTDZ &
T, Brm =20 FHEOKERECHKR G OBME LT, e —2A055F0ieikiE
DOHEFFICTFHE LTS EE X b (Figure 3-10),

F 72, B/Lm—A T LICI/IDMAC & LICUDMI \ZIZIEfRT 5705, HPL L a a4 5 2 A
FNLHENVLT 2K (DMF) RV AF IV ALEARAFT K (DMSO) @ LiCI/DMF <° LiCI/DMSO
[ZIZVEfR L 720, DMI & DMAC IZ1E, Lit& O ClAf A2 & Dy 1 M i & 258 BLAE A
NHDDTITRNNEHETE 53, FOERICHOWTIISHEEMRBHNLETH D,

HCw sy _-CHs

- >C—N
é/ \CHs
L:i+ é’;'_
OH o H
—o0 © Licl —o0
HO DMAc H 0
OH (l:l_ |_ii+ E ------ E
_ Ck Li*
Glucosyl unit of cellulose HsC\N—E Q9
HBC/ 6+\CH3 HBC\N_\C/CB)-
PR AN
H,C & “CH,

Figure 3-10 Schematic model of solution-state strucure of cellulose in LiCI/DMAc. Reproduced of

image with permission from Elsevier (OElsevier 2017)

34 FL¥

dn/dc fE & 'H-NMR A7 kLD C-OH 71 h D I AN 7 FOE WML, FVT
® DMAC AT COREET LICI OFMIZ LY 805 Z E R ST~ 7z, LICI OFF/EI
FVTNT o DRKBEORBEEIX ENY, W REME LS TV, 1% wiv
LiCI/DMAc H T dn/dc 23 7 VT > L RO B 2 nd o — R & Gte /L a— A & 5
KEH LT DLPEOKBERL Lite CHA AU MICITMAFERARHY . 2k e —2
2278 DMAC VAEIZIZRIETdH 528, LICUDMAC IR CIIIAEICE 2 — A TIE s & fEER
TX 5,
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®AE S o —23REo SEC/IMALLS HIE

41 g

W% . SEC/IMALLS JIE i o' /Lr— Z30EHT LICUDMAC 12 L, T &JIEZIT ),
Ta— 2R EHI RS RS, k-7 & b > -DMAC IsliE & Harh (2-2-4 28R) ZHW5 2
ETHRIRTE D, LvL, Z OFEBLENETIX LICI/DMAC (A e L b — Z30EHE,
IRIERNEE 7 5 7 h L7 (HBKP) | IR,V 7 MCC., K SV 77 BICIRE SN TEY
MDD, MBFEE O JATIFE Tl % LICUIDMIIZZ X2 5 Z LT, ZHVE CTREER
fiE CE 7Moo -$HEERNER 7 7 7 LT (SBKP) RKREH 7 77 b7 (UKP), ¥
Bw— A7 8O v — AR A FERTEE L. SECIMALLS (2 K 2 4y &5 Al
E AR BHEiH 2 R & AT 72 L EHIC, AL Lz et rn—2boF Loy
7 I (EDA) IZiRIE L7, DMI IZIEEEEH#LS 2 2 & T LICUDMI ([ C& | /3857
FllE S FHEIC L7122, L2>L, LICU/DMI i LICIUDMAC & Ee72 0OREEERE T2 oD, TR
RVEHER & L TOWMNBEE L < Bm— ARE AR 2 B, SEC/MALLS HIE
RO HEMEICREN H - 7,

ARETIE, FArt/lr—20 DMI EEROFHEITIE L [FERIZ EDA IZIRIET 5 2 & CHRAfFE
Pt L — 2530 & LICHIDMAC (252 R fif 3 5 LD 24T > 72, 2T £ % HPLC %
e & LT — 72 LICI/IDMAC Z v v b i — Z 3B O YLAPEDS @\ Y SEC/IMALLS I E 715D
2 By & L,

4-2 ER
4-2-1 FBHERAEK

RESELIERTER 7 7 7 F v (HBKP) . REERSIESNER 2 77 F /L (SBKP)
I3 H AR RR SR A O =, BEERE (Acetobacter xylinum : JCM10150) 7> &R L 72327
7 7&/m—2 (BC), ¥ (Halocynthia roretzi) M4 EfEE, 7 7 K~ + < (Cladophora sp.)
ZHERET R VAP TEALY ORI ERE LR, REVTAP—ICLOBIEL, B
o —2%FR LS, 2y Uy My brR— GRRUREESGRIL) 2 90% 7
B RIS 1 HIREAE L . Wise 1% 4 & 1 BTV VRS L 72, iR D &KX 317 (AP) (Ashless
pulp. Advantec Tokyo, Japan) (%, B¥EfEME= Y U o & L THWE, MoaSE0miii
PR (Wako Pure Chemicals, Japan) i L7-,
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4-2-2 B —RREOYEME L SEC/MALLS AlE

Tm—RREHERIL, =F Lo U7 I URIEIE S KT N B EREIC XD R L7,
TF L U7 I REE, WA L 72EEE (0.049) =T L U7 X v (EDA) (5mL)
2 4 BRNRIER, wO0BEEIZ LD EDA 2V Rz, L a A % 7 —/v (40 mL) T3
[EAEE L, SHICAZ 7 —/b (40mL) (Z 3 HEEIR & D IRIE L1k, AKX J — /L& LS
HEbEIZ X > TBREL, DMAC (40 mL) THELERZ 3[M{T-72, S 512 DMAc (40 mL) (2
THEIR & D RIE L7-1%. 3O 0BEIC &> T DMAC 2= L, ThEIC 8% wiw LiCI/DMAC
Nz, 8% 109 & L, Bon@WikiT, SR T2 EMBERL, WL, v r 7

R7 470, &5 2 BEHE AL,

K=T 1 b oEERET, Bru— 238 (004 g) ZA&ARK, 7k . DMAC DJIRIC
FVEBE (A0mL) 1T 1 FIRIER., w0 EEEIC L0 IRBEE R 3 ATV, 5 S i
8% wiw LIiCI/DMAc /%, &4 109 & L7z, wilkiE, IR CTkeR L 7o, im0/ B X 12,000
xg. 10 2 OSMTHEA LT,

Bon-tr e — 23 e 8% wiw LICI/DMAC &1 %2 DMAcC TR L. £ 0.05% sUEHEE
? 1% wiv LiCI/DMAC I8 % 85 L, SEC/MALLS & Aalkl & Uiz, HEsEHE, 0.45 pm
PTFE 7 4 AR—HFNA LT T 07 4 V¥ —%i@ LTZBE, BT E, 2L T s
&I L7=, SEC/MALLS JIE k1L 2-2-7 1ZFC#k L 72 FiEIZHEVT - 72, dn/de fii% 0.131
g/mL % H\iz,

4-2-3  HHERESHT

HEEEREE (50 mg) 1 72% filg (1 mL) (ZiRiESHE (30 °C. 2 KFfH) %, K (14mL) %
Mz, A— k27 L—7"TH#E (120 °C, 1Kf#) L7z, 5 HAV72HERIC 20 mg/mL @ myo-A /
¥ M= AKESIR (05mL) ZANz., KB AY vA (179 RNV T LAZEML pH55
~6.5 (TR L7z, 00 (12,000 xg, 10 70 (& W ikB A2 brE L, LS & HRT
Lo, 3O NTiIRFEY 4 HPLC o IZ&E7K (0.5 mL) (CHfiR L. =00 B Lo
THRRWIE N Y 7 A& PLEERE Lic, ook (04 mL) (27 F=FU (04 mL)
Nz, EEARE (10 M) TH—® KL L, 045 um PTFE 7 4 AR—Y LA LT F 7
SV H =R LT, A v~ N7 F 7 4 — (HPLC) WIEZ T -7,

HPLC DOfERkix, 4> 74 > 7 4 v ¥ — (DGU-20A, Shimadzu, Japan) ., @&JER > 7

(LC-10ADVP, Shimadzu, Japan), 4— hA > ¥ = 2 % — (SIL-20AC, Shimadzu, Japan), #» 7
LA —7 2 (CTO-10ACVP, Shimadzu, Japan) . 77— R 71 7 2 (NH2PG-50G 4A, Shoko Science Co.,
Ltd., Japan), 7 2 / 777 & (NH2P-50 4E, Shoko Science Co., Ltd., Japan) . 7~Z=JET R E S

(Optilab, A=658 nm, Wyatt Technologies, USA) 2> 572 5, 7 — & O HUfSG3 X OMENTIZ ASTRA IV
Y7 b =7 (Wyatt Technologies, USA) % F\ 7=, JIESMIE. HiiE 1.0 mL/min, 57 AA4
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— 7 B LORERITERELR ORI 50 °C, AR 20uL & L7, %HER 250 mM U >z
75% (viv) 7 h=hFULiE, BERAET S 2 TH—ERIEL T b v, EET S
B (Fra—=A (Gle), v>/—A (Man), ¥ u—2A (Xy), 77/ —2 (Ara), 77
7 h—2 (Gal), 74 /—% (Rha)., myo-1{ /< F—/L (Ino)) DORMERTIH 5L o/ER
L TRBWS,

4-2-4 B NMR BE (CP/MAS )

HEFEE (K0 60 mg) (3#28 L CTHW e, R BCNMR A7 M VTR &5 Es KOV~ ¥
v 7 flalfis (CPIMAS) % W CHIE L 7=, JIMN-ECA 11500 spectrometer (JEOL, Tokyo, Japan)
AL, 7r—71332mmHXMAS 7 u—7 #AEHMEFIZ32mm BT va= o —%
—Z A HIEIREE 23 °C THIE L=, 3B [R5 4213 6 kHz, 1H 90° /L ABE X 2.5 s,
BIERF[E] Bs, a2 7 MAA L 2ms, EREE1024 [0, V77 L RIT v X DA
FLoH—ARrE—27295ppm & L7z, #EdmfkEE (C.l.) (X, Gaussian-Lourentzian B3%c4 M
WE— 7 3BEAITUN, C4 B — 7 O (80-91 ppm) (2% DAL fEL (86-91 ppm) DS
FHAEPOEM LS,

4-2-5 BITKEERIE

L4 A —4% (MCR 302, Anton Paar GmbH, Graz,Austria) Zf#ifi L. 0.4% w/v & /L o — 2Rk
1 D 8% wiw LiICI/DMAC & 0.05% wiv & /L & — Z3EHEEE D 1% wiv LICI/DMAC O3 1) fh
HE 21T -T2, WEEL, 2—> 7 L — b (50 mm £%, angle 2°) Z A, 3" 0 #HE 0.01-1000 s,
iR 25 °C D&M TITo 72, BEudAWKIEIL, 8% w/w LiCI/DMAC 1% 6.26 mPa-s, 1% wiv
LiCI/DMAC 1% 0.966.26 mPa-s % f\ >, 0 (3—1) (3—2) (3—3) L& CkEARH L7z 78,

Mo

aznrel (3-1)

nrel_lznsp (3-2)
n

nredz% (3-3)

s VEVRTEREE o 128 TR | ipred 1IREGTREFE | npsp VR ELREEE | yrea 1302 TCREFE | ¢ 1 IREE (Wiv),
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4-3 FERLEEBL
4-3-1 EDA BEEDD TR & RS~

AP BRI Lo — 2B TH Y K-T & b R ERE CRD IR 5, £ 2T,
EDA 2i&E1E L K-7T & b A ERTEE VT AP 21Afif L. SECIMALLS IE%4T-72, %
DFEF, &7 vy MIERY, SEC Wit/ Z — XX —% L7z (Figure 4-1), FEHIR
J£ (calculated mass) <°47 &1 EDA IRIEIEDMENE TR E < 72 o7z (Table 4-1), Z AUk,
EDA [ZIEIE TR0 T B ORMEVEN Lo 7272972 L35 2 B, EDA IRIEIC X D160 &1k
A SN, EEOm EL R TE -,

EDA AR/ m—2AZRET D L. ~ 3B u— 245 DO—H EDA ICIEHT 5 &0
WMENHD 2, £Z T, SBKP & HBKP @ EDA-* % / —/L-DMAC IR E . & A4 ) )
B DR RHE T 21T o 7o T OREREDARIEIZ K 2 BIRT L A LA BRI > Tz (Table
4-2), ZIUF VT TR TEEICAI B — AR F = OKRESHELY it TV b 7=
WiEEEZ LD,

1 ' ' T T 6x102
Pretreatment:
Water/acetone/DMAc 7 5x10?
EDA/MeOH/DMAC
g -
T - 4x102 E
E o
o S
2 c
0
= -4 3x102 2
= X s
< €
% 3
ST - 2x10? g
§ O
—>
4 10?
:I.O3 1 1 0
6 7 8 9 10 11

Elution volume (mL)

Figure 4-1 SEC elution patterns and corresponding molecular mass plots of cotton linters cellulose
(AP) pretreated with water/acetone/DMAc and EDA/MeOH/DMAc. Reproduced of image with
permission from Springer Nature (©Springer 2016)
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Table 4-1 Molecular mass parameters of cotton linters cellulose (AP) with different pretreatments,
obtained using SEC-MALLS analysis. Reproduced of image with permission from Springer Nature
(©Springer 2016)

Pretreatment DP,? My Mn Mw/M, P Calc. mass (ug) ©
Water/acetone/DMAC 671 108700 59700 1.82 40.9
EDA/MeOH/DMAC 743 120400 65300 1.84 53.3

2 DPy, = Mw/162, ® Polydispersity, ¢ Determined by SEC/MALLS analysis

Table 4-2 Neutral sugar compositions of original and EDA-treated SBKP and HBKP. Reproduced of
image with permission from Springer Nature (©Springer 2016)

Pulp sample Glc Man Xyl Rha Ara Gal Total (%)
Original SBKP 82.2 4.7 6.0 0.1 0.0 0.0 93.0
EDA-treated SBKP 85.1 4.1 5.6 0.2 0.0 0.0 95.0
Original HBKP 76.4 0.4 17.1 0.4 0.0 0.0 94.3
EDA-treated HBKP 77.1 0.3 14.9 0.4 0.0 0.0 92.7

Glc: glucose; Man: mannose; Xyl: xylose; Rha: rhamnose; Ara: arabinose; Gal: galactose

4-3-2 BT —RRE ORI

R L — 2B TH D SBKP, ¥k —R, VT RT3 TFRA0—RETT
Lo UT R L KT N VR RE CUR L OVRIRVE A Lol U T, WRRRME O]
Wrix, OB, @1% wiv LICIDMAC 274 L72#k % 0.45 um PTFE 7 4 AR—HF LA T F
VT 4 NH T LT OGO A HE DSEC/MALLS HITEIZ L Y MALLS 90° YeHELR: Hi#s
B R OVRERITERHERD DS LN E— 27 IR BRIl L7z,

EDA JZ{&1L T SBKP IXA /LT v 7 A TOEBIS/BIE O AT, B L~V TREIZEM LTz,
K7 N RBESE T, 1 ABOR 2 7 —## T, BRTOREMITEL 7o o723,
T4 NE—FET E IR H Y | @%i?+ yCoholz, EDA Z{EIE Tl L7z SBKP %
I 2 WREIZICIE T V2 — 2 B P @il T &, SEC/MALLS JIERESR S RiF Th o7z
(Figure 4-2, 4-3, 4-4), "YkELm—AL 7T K74+ T8/ m— %, K-T & b AAHEHR
BT, 1y AMBEE L CHM L2~ 7o, —F . EDAIREIETIL 1 HER TR 5 &
EﬁvaTﬁﬁéKﬁ%Lkﬁ FIZ 1 7 A OBE%IC SECIMALLS JIEZTTH &, K
WIRHE — 7 R, TR A+ Th-o7z (Figure 4-5, 4-6, 4-7,4-8), = 2T,
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BHEEE 2 2052 R L. 1 BedER1% 12 SECIMALLS MIEA4T - 77, ZOfEE. BEEH E—
IS 220 | RAFRAERDG 672 (Figure 4-2, 4-3, 4-4)

EDA IRIBIZ L 2 /b m— AL OBtk ) LT 2B LA T D L S I TE 5, B
12— 253X FHOKBREATERIC L > CTEHSEMHEIE L 2o T Y, HEHROEL T —255
THHE D LI DOENL CTHFBOKFRAE THRA L, fmttEoR (R7u74700) %
R LT 5, EDARENIRIC L5 e —2AI 7 a7 0 7 ) LOEMIX, Ero—255F
R B DK FEREECBUKMAR BAE I 2 —BROIr 4 2 28, 3 ICHRE L, iR T
MBHHOD, fhEdmEEIIEL e —A T DOEETHDH, FITAX J —PEEFIZE D EDA #FRE
T5E, Brn—2fEREEIIE L0 I b rn =R~ LD S 91 (Figure 4-9),
ZOE D RFEREEDOZEIC LY, I 7T 4 TV ARNITEENRELLT 2D, Ernm
— A DIRfRE R LT L TE D,

107 T N T T T T 4x107
—— Cladophora cellulose
— Tunicate cellulose
106 F — Bacterial cellulose
—— Cotton cellulose - 3x102
= —— HBKP -
2 SBKP £
= (@)
3 10° | E
2] c
é - 2x10%2 -%
8 10| e
3 " 2
) c
S 8
= 4 102
103 -
102 L L 0
6 7 8 9 10 11

Elution volume (mL)

Figure 4-2 SEC elution patterns and corresponding molecular mass plots of 0.025% (w/v) cellulose
solutions and 0.05% (w/v) pulp solutions in 1% (w/v) LiCI/DMAc. Reproduced of image with
permission from Springer Nature (©Springer 2016)
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— Cladophora cellulose
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Bacterial cellulose
Cotton cellulose
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Relative indensity of scattered light

Elution volume (mL)

Figure 4-3 SEC elution patterns of 0.025% (w/v) cellulose solutions and 0.05% (w/v) pulp solutions
in 1% (w/v) LiCI/DMAC, detected by scattered laser light at 90° to incident light.
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Figure 4-4 Double logarithmic plots of molecular mass versus r.m.s. radius for 0.025% (w/v) cellulose
solutions and 0.05% (w/v) pulp solutions in 1% (w/v) LiCI/DMAc. Reproduced of image with
permission from Springer Nature (©Springer 2016)
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Pretreatment
EDA/MeOH/DMACc Water/acetone/DMAC

Tunicate Algal Tunicate Algal
cellulose cellulose cellulose cellulose

Figure 4-5 Photographs of EDA/MeOH/DMAc-pretreated and water/acetone/DMAc-pretreated
tunicate and algal celluloses in 8% (w/v) LiCI/DMALC, stirred at room temperature for 1 month.

Reproduced of image with permission from Springer Nature (©Springer 2016)
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Figure 4-6 SEC elution patterns and corresponding molecular mass plots of 0.05% (w/v) cellulose
solutions in 1% (w/v) LiCI/DMAc.
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Figure 4-7 SEC elution patterns of 0.05% (w/v) cellulose solutions in 1% (w/v) LiCI/DMAc, detected
by scattered laser light at 90° to incident light.
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Figure 4-8 Double-logarithmic plots of molecular mass versus r.m.s. radius for 0.05% (w/v) algal and
tunicate cellulose solutions in 1% (w/v) LiCI/DMAc.
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Diffraction angle 26 (°)

Figure 4-9 X-ray diffraction patterns of the original eucalyptus holocellulose sample (a), EDA-treated
eucalyptus holocellulose sample (b) and the EDA-MeOH-treated eucalyptus holocellulose sample (c).

Reproduced of image with permission from Springer Nature (©Springer 2015)

4-3-3 WERHBTOEAT—RASFRIOME/ER

HiZB W T, REIOHEDENC L DL m — 23 EHD 8% wiw LICI/DMAC ¥ D K5 %
ERESERY | BENGWRYELE =7 T RT7 4+ 788 — R 350 FoitEnEn
EWVHHIAIN R BTz, B R — APROREE Loy 1o E AT S 720 30 K ERE &
BTl o TG R % Figure 4-10 127897, BV — 250K} 0.4% wiv D 8% wiw LiCI/DMAC &K 1%,
REHZ LV BT VMEEZ R LT, $72, V7= 7 bBHC KV £ 5T 0 HETH
Hil, B —AS5THOMAEAOKE D OBESCEASWITREHI LD B0 5 2 L AVRR
ENdz, ZAuE, Bam— ZFELO BRI L0 EIRIEC S T BE N B e B 2 L AR LT
%o 8% wiw LICIDMACc 1 Ci%, 77 K74+ 78 r—ARRYE/Lr—2A0F ) REITE
Wesd, T b OERD SEC/IMALLS JIERERIZ A b7 BE i & — 27 DJFRIT. 79 F[H]
FHEAEF D283 1% wiv LICIIDMAC TAIRIZATIRE ik o T2 7o iz L g T X 5,

8% w/w LiCI/DMAC [ZF\W\ T, A# L7 (HBKP, SBKP) XU fliodt /v m— 25k R
EREL 2o7z—RE LT, fdbE (Cl) oEREZ NS (Table 4-3), Brn—X%
FELD 8% wiw LICI/DMAC IFE Tk, BB ERSILETH LT L, WERI 77 47
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NNIZIRE LIZL <, BRRMIZFEE 00 | B EER LD OF Wiz EkiEE L
20 B LIS 2D, ZOZEN, oL, BRERNEILEEEZ LR
Do

L m— ZE0.05% wiv 0 1% wiv LICUDMAC IFE O 0 kG &3 BHZ L » TR 2 5%
KLl T v=v 73T _XToREcAaLT, =a— hUiRBiz R, T EET
b BABYET, o FRHEEERIL RN & AR TE . SEC/MALLS JIE 25 L 72K CTh
5 Z LR S iz (Figure 4-10)

103 T T T T T T T T T
frsstansti gy,
i ]
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© 2 L 0 0,
s SeseseeseeIEiiinnIIIIItsznseeatttss
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0.05% cellulose in 1% LiCI/DMAc
101 PR | e s sl PR | Lol Lo
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Figure 4-10 Shear viscosities of 0.4% (w/v) cellulose solutions in 8% (w/v) LiCI/DMAc and 0.05%
(w/v) cellulose solutions in 1% (w/v) LiCI/DMAc, measured at 25 °C. Reproduced of image with

permission from Springer Nature (©Springer 2016)
4-3-4 SEC/MALLS HIERR

STHE LTS r—RAER (KL 0.05% #ED 1% wiv LICIDMAC IRiR. <
DD L1 — Z5EH0.025% wiv D 1% wiv LICI/DMACI&TR) ¢ SEC/MALLS & i 5 % Table
4-3 & Figure 4-2 |Z7R"¥, HBKP & SBKP OIFH Y — 12T 2 5O = R o7z, Bk
T, AMBERALTOESFHEBEO E— 7 13l —2 BSFHEBOE— 2713~
n—ADEH &R LTS W28, BC, @2y h U M Ay, 7T F74+70E =231
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OTHY ., 2t o — AN OB TIEE A LB TZDTHD, TR 7y M,
SBKP LIS DFT X TORECTHEZRY . BAFREMIELZ R LTZ, SBKP 1%, % HIFFH# 6~8 mL
THORE LY bRV TREERY . HLIHORE & TR AR DR E2 R L, WERTPT
DEG 1T OEE T ary 73 A—vary7ny MIBWTYH, SBKP LUSMI R EMRMETIE
FERD ., @O FEE Y — 7 2 BEH LT slope 1L 0.56~057 & 720, 7 LF L7 ILRHE
BT X haf ViRkE/R LT (Table 4-3, Figure 4-4) , Z OFERIT, B-1,4 7V 2 A DHE
HEP T ThoELR—ADORER P OMHEE LTHYTHD, LoL, SBKP @ slope fiix
0.35 L{RVME & 72V | EEEMEEZ R L= (Table 4-3, Figure 4-4), Z D X 973, SBKP 45F
72 SEC/MALLS JIEFREFIT, DMIAEEEZ AW ZIEICB W T, FRROR RS HE ShTn
% 1, SBKP (% 1% wiv LiICI/IDMAC 1 T+ S RAFCTH D . BEEORENEIZ 2V, T D
7o D, SrUEiR e & 0 s FE Sy FAIE A Ik S 7 slope fECd 2,

v m— 2D 1% wiv LICUDMAC IRIR DIETTRE (gea) &0 T8 (M) OHlixiE s 7
7 % Figure 4-11 /¥, SBKP DIAMI[A —E#E EICFTE L. Mw & frea (2R WFEBIBILR 3 2 H
7223, SBKPIZZ DT A UInbRELISAN TV, ZOREENL S, SBKP [IfhoE/LE—2R
AR TR DEIETHD Z LRB LTV D,

Table 4-3 Molecular mass parameters of highly crystalline cellulose and pulp samples. Reproduced of
image with permission from Springer Nature (©Springer 2016)

Reduced viscosity #red Calc.

Slope
Sample C.12  (L/g) in LiCI/DMACc mass®  DPu¢ Muw Mn Muw/Mpd e
value
8% (wiv) 1% (wiv)  (ng/mL)
Algal 0.22 5750 932000 335000 2.8 0.57
0.98 28.6 3.3
cellulose 0.43 5010 811000 401000 2.0 -
Tunicate 0.24 4900 793000 295000 2.7 0.57
0.87 18.4 2.3
cellulose 0.45 4610 747000 346000 2.2 -
Bacterial 0.25 2520 408000 220000 1.9 0.56
0.79 3.8 1.2
cellulose 0.45 2490 404000 232000 1.7 -
Cotton lint 0.24 3300 534000 343000 1.6 0.57
0.66 75 1.8
cellulose 0.42 3210 520000 345000 15 -
SBKP 0.47 3.1 0.7 0.48 3890 630000 82000 7.7 0.35
HBKP 0.43 1.6 0.7 0.51 1770 287000 45000 6.4 0.57

2 Crystallinity index measured from solid-state **C NMR spectra of cellulose and pulp samples
(Larsson et al. 1999), ® Calculated mass determined by SEC/MALLS analysis, ¢ DPy, = Mu/162,
dPolydispersity, ¢ Slope value of conformation plot
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Figure 4-11 Double-logarithmic plots of reduced viscosity of cellulose and pulp solutions in 1% (w/v)
LiCI/DMAc versus M, , of cellulose and pulp samples listed in Table 4-3. Reproduced of image with

permission from Springer Nature (©Springer 2016)

4-4 F&¥

“NET, SBKP B LEDKRY L0 — A7 T K7 4+ F%/La— A% LiICI/IDMAC
R 5 Z L1xTERholz, LinL, EDARBER A X ) — VIRBLEHR AR HE T, 2
B OREIO RIEfEE /L v — AFRR OB FIEEIZ 72V (SEC/MALLS JIER AIRE & 72 o 72,
THUCTE VA I m — A B O F'ER S FREEPH OGN R o T, RYer 7 N7+
T a—ADSFRIIRKE L, SBKP LDt a— A EHI T R CHEEE Y T TH Y,
WRPCT VR TNRT A Da VIR TH Tz, L, SBKP DAL, H3IiRE 45+
DX e@BEME LR L, ZORBEMEDOERICONWTIE, & 5 LG CTHEMMEE
2179,
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®m5E AMHRRFrEL T —RD SEC/MALLS HIE

5-1 X

R 2B, MR O L e — 2D FHEEZRIT L, 2 2 &3, BIARTRA O
I OWT OB ZGD - DICKREFHTH 5, 5 45 TlE, SEC/MALLS /3#71iZ L W SBKP
DEN B — RSO r — X5 L B2 D T L B BT o 7o, IR B IE, Wise
ETHLY 7= U L= AM A oL m— 2 % LICUDMI AR H ¢ SBKP [FERIZ43IE R oD 1 9
IREEERGE LT LA LT D, . AMHSkO /L e — 2308 4 LiICI/IDMIZEfE
BHIIE, B F=idmEThy, V= tin—2I a7 4 7 U NAOMAERIZL,
KA DB & R E 72 S 2 RO T OIIIMEARR R THHZ L bbb L 20X 9K
FCELE =R EIANI L —ARY T = 0T L THEAEL TWE D, ZOEIC
DWTIERTZH BT 72> T pu 278

ARFETIX, AMArE/LE—2% LICIIDMAC IZIAfE L, %@ SEC/MALLS I EfE R0 LA
WOy FHEZ YT U, BBt O BRI X 28 W2 MEE L7z,

5-2 EB
5-2-1 kLRI

ApEE U CLIAEER D= —7 U (Eucalyptus globulus) ., = % >N (Betula maximowicziana)
$HER D 2 % (Cryptomeria japonica) . #-T-HE# DA F = 77 (Ginkgo biloba) DA % Fv iz,
AR 7 i b (HS-20, Senion Ind. Ltd., Tokyo, Japan) % W THEL T, 80 A v ¥ =LA F
(24l 2. 72, HBKP & SBKP |4 A ARSI, 77U 7k m—2 (BC) IXHFEEH X
DIRRLL 7= (4-2-1 20R), 253 kL LT, B/ % (Chamaecyparis obtuse) . 74 > 7 (Acacia
Mill) . 7 %7~ (Pinus densiflora) . v (SalixL.). %/ (Bambuseae). f 7V 7 (Oryza
satival) @ a—tm—2x GUERRY: REFHER, GHEm L5 JHRELL Tz 20 72atkh
MW, ZNbD a—tAm—ZREHE, 7 T 7 FERMEETZIT 2% KERLT F U 7 LRI,
Wise JEIC L DMLY 7= &% T, 17.5% AKBE(ET b U U A ZITOTR L7z, fhostse
TR T FR SR A, (Wako Pure Chemicals, Japan) % L 7=,
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5-2-2 FAuekliun—R, qg—Elu—RA0OFHR

A¥y (1g) 290% (viv) 7 k> (100mL) 2z, ~7XF v 7 AX—F—T1W#E
L, WSIEE, BEL L2 b o & BilEaE E Uiz, SO BilEstEHT, Wise IBIC X W iLY
J = EITol T, Wise X, BUIEREE (25 9). A Ak (150 mL) |, #iMEHEEET N U D
2 (1.0 g). KEEEE (0.2 mL) Zx., 75°C DA A NWANAH = P32 F v 7 AX—F—%
WTIREE L7236 LIFMEICHESRE T MY v A (L0g) EOKEREE (0.2mL) ZiEML7-,
FOSHE T 1%, Bl (7 27 44— 1GP100) L. MiA A /K THMEIC/A 5 F THs
%, BOETIREIT o728, HHEFERET N Y UL LOKEROTMEEL T, LERNT 40, AL
AFaUvDEEILY V=02 TELIETRET D720 6 [HfTo72 % AF a— &/ —RIF,
17.5% KT R U 7 LK (50mL) ICAF Aok rn—2R (2q9) EKEBEFTVEES Y D
2 (NaBHg) (002 g) Z00x., WHEREATT1RRRIER, WSEREL (FT7 A7 4 LH—
1GP100), A A K THEL T, HIZDED 5 M EFEHIZ B L%, HPEICR D F TK
Vel Lo b O diE U T Ue, DiERB A BEARE & & L7z EIERIE, =2— AV A
T u—RZ83%, v AT T—RX68%, AXArELO—RAT79%, fFavkatk
B —ATT%, AX a—E/LE—Z60%THo7,

5-2-3 BRABIO¥EME. SEC/MALLS/UV JIE. HHEEESsHr

BSFEaEHE, EDA RiEIE (4-2-2 M) TR L, SR 5 E CRIR TR L, 5
572 8% wiw LiCI/DMA ¥k 2 DMAc TR L, #UBHR Y 0.05% £ 7213 0.025% wiv @
1% w/v LiCI/DMAc % Fi#¢ L, SEC/MALLS #I7E HakEl & L7z, 0.45 um PTFE 7 ¢ AR —H L
AT T T 4 )VH — i@ LRI R, BRIEMEL TV D ST LT,
SEC/MALLS #IEIE, 2-2-7 IZFCH L2 THEICHE > TiT o7z, —HORIEICE VT, UV il
2% (SPD-M20A; Shimadzu, Japan) % SEC/MALLS & Z A 2B L, & 280 nm DY
IZ X DR 7= O R © 4T - 72, SECIMALLS 4347 T & — 7 g HIZ X, Peak
fit 4.12 (SeaSlove Software) # M\ 7z, HHEdESHTHEEHZ, SEC/MALLS JIlEREF & FEED
EDA RHE & A & J — WIRBEE HILEL 21T - 7308 & = OB Ok 2 4-2-3 ICFE# L=
IO T o T2, PHERE /AT O[EIIER (Total) (330D ERINK S it DO AR &S5 5 R L,
FPERE S ATIC D B 7N D 7 = VBRI R L B 2 b b,
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5-3 FMREEBL
5-3-1 FAuek/lu—XDOEfEL SEC/MALLS 454

FIETRTOREHT 2 HE~1 7 HURNIZERER LTz, AFXFrkro—21384 7 A
BICHERICRIR LT2e AT avdhatln—2CB 0 TIE, 4 » ABICIZER CIREM LT
W28, 045 yum PTFE 7 4 AR—F N AT T 07 4V F—%Z@ LTINS Y . wa
IRVESR L TN o Telad, 7 4 v 2 — % i@l LI OWE 1T - 7o, FHERE AT O
Fnt | EDARIEE A X ) — VIRIEEBRATLIEZ(TH &, Aakrn—Afo~Iklo—
ALV T = EREEIK % O RN E O &3 L. (Table5-1), ~It&/Lmr—2A
D EDA EHEA~DEEHIZOWTIE, WAL HHELTEBY L, ZOZ &b, EDARIEE A X
J = VIRPBEE WAL L D~ rn — AR V= U EoEtiiE, Aa kb o — RO E
RHETHNEND D LHEETE 5, £7z Siller 1L, EDA RIEOFETL—3I 5B
B W TR F RIS OB T OO A B 4L, @& FRI TR BT E > 7o LA LT
W5 10 SEC/MALLS HIEfEFIZHBWT, Aato— 20 EHEE (Cale. mass) 723, 38
ARG E K VAR 72 5 — L BRI R IZA~ I Ern — AR ) 7 = o—H)s EDA HIC
WH L2l Th D EHEETE D (Table5-2), A F a vk t/r—2ADERPREIMEL 72
STERENE, NEHDN 7 4 Vv Z —TEINZldEE 25,

TUFRVTNRERHT o F LI RO L0 — 25 F-ORYES L L CEME L e — 2
Bk BC V7=, SEC/MALLS O# %% Figure 5-1, Figure5-2 (Z~3¢, HIEICH W=tk m
— AFRBHAIR A TIZI VT MALLS 90 iR IC BT 2 BF E— 7 13 o T BEOHN R
IR Cd -7 (Figures-1 (a) , Figure5-2 (a)), AM A r /L m—ZADEH Y — 121X
A7V T EFBRIZ2 2O E—=27 03V | @K (HMM) B—2 i3t e—x &5+
HHEE (LMM) BE— 2 3~k ra—2E )V V= O e b 18 rat/lo—=R
X, 777 MEACSLTED S LMM E— 7 HERKE LS, ~IBAr—ARL N LOUR
iz (Figure5-1 (b) , Figure5-2 (b)), F7z. SEEREED My lZATEREELD My L0 2
72D REVWEE 72 -7 (Table5-2),

ETOREBREOSFRE T oy PR HMM B—27 Dar 74 A— a7y hME BC
EIFIF—E L7 (Figures-2), £ a7+ A— a7 ay O slope fEITH 0.6 THY |
JRIERIREI S BC IZRIAIET T LR T AREH TV E LA VKR THD L BR LT
(Table 5-2)

— 7. SHEEREREHIRIERBURL L B DR R AR LTz, ~ I —ZXHKD LMM E—
TIINEL R0 BT AL VHBICE DA — A L2 AF a—kro—ZAD~
T —ZHRD LMM =27 130Tz, £ $HEEBOS TR 1y NI BC LiE—
HEP, RUOTFVA X ThhrENRKEL2>7- (Figure5-1 (b)), I 74 A= a7
7w MIBC ERE B, MAHBREZRY HMM B—27 5 HH L7 slope fEIZ#) 0.4
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L7257z (Figure5-1 (c) , Table 5-2), ALICHHiR L7 SBKP LA F a—t/bm— A b FEED
MRTHLZ b, Tbid, BEEFORMHARICER LRV EHEERA OMETH L F
Za L CW5, Podzimec H1%, SEC/MALLS HIFEICHKITHa L T+ A— a7 ry oM
HHRRIE, B G DB TR Y = — ORI TH D | WA h#R O ERE 53722 5 slope B %
BHTL2FNARETHD LHREL TS WS, b b, $HEREIO HMM B —2 D=
T x A= ar 7y OB slope i, $HERFE TR TR TH D 2
EERLTWD, UL, ESRERE) S B0 — 20 RICR D Z &3 E 2 I W
726, FHERBREREI N SR 2 R T BRI, Bl — 2RIk rn—2R) = L
AULTHEE LTV DD TRV LR S D 1817,

Table 5-1 HMM/LMM ratios obtained from SEC-elution patterns, and cellulose/others ratios
calculated from neutral sugar compositions.

SEC/MALLS Neutral sugar analysis (%) 2
Sample HMM/ Cellulose/
Glc Gal Man Ara Xyl Rha Total
LMM b Others ¢
wise - 50.3/49.7 ¢ 503 17 09 07 162 15 713
Eucalyptus
wise—~EDA-treat 63/37 66.9/33.1¢ 669 15 15 05 145 10 859
Japanese wise - 52.4/47.6 ¢ 546 15 6.6 11 51 09 698
cedar wise—EDA-treat 83/17 69.6/30.4 ¢ 715 16 57 09 46 07 849

8 Glc: glucose; Man: mannose; Xyl: xylose; Rha: rhamnose; Ara: arabinose; Gal: galactose.

® HMM/LMM ratio was calculated from SEC-elution patterns using peak deconvolution.

¢ Others: hemicelluloses, uronates, lignin fragments, etc.

d Cellulose/others ratios were calculated from neutral sugar compositions according to the following
equation, (100-Glu).

¢ Cellulose/others ratios were calculated from neutral sugar compositions according to the following
equation, (Glu-1/3Man)/(100-Glu+1/3Man).
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Figure 5-1 SEC elution patterns detected by scattered laser light at 90° to incident light (a) , SEC
elution patterns detected by RI and corresponding molecular mass plots (b), double logarithmic plots of
molecular mass versus r.m.s. radius (c) of bacterial cellulose, Japanese cedar, ginkgo holocelluloses,
Japanese cedar a-cellulose, and SBKP. Reproduced of image with permission from American Chemical
Society (©American Chemical Society 2017)
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Figure 5-2 SEC elution patterns detected by scattered laser light at 90° to incident light (a) , SEC
elution patterns detected by RI and corresponding molecular mass plots (b), double logarithmic plots
of molecular mass versus r.m.s. radius (c) of bacterial cellulose, eucalyptus, birch holocelluloses and
HBKP. Reproduced of image with permission from American Chemical Society (©OAmerican
Chemical Society 2017)
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Table 5-2 Molecular-mass parameters of bacterial cellulose, kraft pulps, and holocelluloses obtained
by SEC-MALLS analysis. Reproduced of image with permission from American Chemical Society
(©American Chemical Society 2017)

Slope Calc.
Sample Mw Mn DPw? Mw/Mn®
value © mass ¢
Bacterial cellulose 79000 273000 2960 1.75 0.61 0.26
Eucalyptus 347000 94700 2140 3.66 0.62 0.41
Hardwood Birch 542000 73300 3350 7.39 0.61 0.40
HBKP 273000 78300 1690 3.49 0.63 0.53
Japanese cedar 890000 288000 5500 3.09 0.39 0.33
Softwood Japanese cedar a-cellulose 569000 116000 3510 2.32 0.38 0.40
SBKP 495000 112000 3010 4.42 0.44 0.47
Gymnosperm Ginkgo 703000 156000 4340 451 0.4 0.24

2 DPy = My/162, ® Polydispersity, ¢ Slope value of conformation plot, ¢ Determined by SEC/MALLS
analysis. (ug/mL)

5-3-2 BT — 7 ORERHE

IRBER R L HHIERRB O T EN R R L2 EREMAT D720, RIS &
SEC/MALLS i Rmbtrm—RA L AI o —2AR0) V= POREEEFE T L, b
&7 -7 (Table5-3), SEC/MALLS Z3#riik7rH, HMM B —2 Z &/l m—Z LMM t'—
T~ —ARWNY 7= E R L EOEBEHMM/ LMM 2260 m—A [~
I —ARO) T2 EERE U, RO R D IE, IRIEREBHT v
oo —RLRipL, $HERREICII~ T UERR I vav U ERTHDL I LS
BL, Brm—2 I~ T rORTHIELEZZ VA & E L Cellulose/Others 2% H L7-
(Table 5-3 ¥R ¢, d), ZDfER, ILFERHBUENCIZHPERE /> 4T & SECIMALLS 341G e h 543
bz —RAlAIble—ARFNY) V=V ELDEEIXIIT KL, T2, A
HERIFUELD SEC/IMALLS 47D 2 SO B — 7 [ZFNFhtim—RE~Itkra—2 KN
J=UETHD EHITE D, —J7, $HEERECENTIX SEC/IMALLS 73 SR ot /L — 2 E|
B HERESHTRER LD BB ONICKRELS oole, ZDZ &L, $HEERFEO HMM B —7
IZiEA~ I —2ANEGENLAHEEEZ R LTS, 17.5% KT Y o adlHic X v Bl
NI — 2 AT 572 AF a— /b m—RAD SECIMALLS /5 #T#E £ CTlk, ~Ik/Lno
—AHKRD LMM E— 27 [TV PRSI RICIE, v TR SFEEL TV, 2
D ENG, HEBO HMM B — 27 IZIZBT7 v h VHIH CHERETE W v a~<rF i
GENRLTVWD LHEEETE D,
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Table 5-3 HMM/LMM ratios obtained from SEC-elution patterns, and cellulose/others ratios
calculated from neutral sugar compositions. Reproduced of image with permission from American
Chemical Society (©American Chemical Society 2017)

SEC-MALLS Neutral sugar composition (%)
Sample Cellulose/
HMM/LMM? Glc Gal Man Ara Xyl Rha Total
Others®

Eucalyptus 63/37 67/33¢ 67 15 15 05 15 10 86
HBKP 72/28 77/23¢ 77 00 03 00 15 03 93
Japanese cedar 83/17 70/30¢ 72 16 57 09 46 07 85
Japanese cedar a-cellulose 100/0 79/21¢ 81 21 48 05 12 04 90
SBKP 85/15 80/20¢ 82 .00 47 00 60 01 93

& HMMY/LMM ratio was calculated from SEC-elution patterns using peak deconvolution.

b Others: hemicelluloses, lignin fragments, etc.

¢ Cellulose/others ratios of eucalyptus and HBKP were calculated from neutral sugar compositions
according to the following equation, Glu/(100-Glu).

d Cellulose/others ratios of Japanese cedar and SBKP were calculated from neutral sugar compositions
according to the following equation, (Glu-1/3Man)/(100-Glu+1/3Man).

UV #1483 % SECIMALLS JIlE 7 A AZBI L, U 27 =2 Fa3k0> 280 nm WL /<5 — 2
INSEEIE Y 7 = L R D4y T3 A A T ~T, # DFEE:. SBKP %> HBKP |3 280 nm DWLIY
R T R ot ThbiE, EATREE TV S0, NP BHZ L, 280 nm
DPNUTIFE A ERRE SNRIpoTeizd 2l B2 b5, —J, Artk/lun—XATiE, HUM
BT b & 72 280 nm DU B V) . HMM SEIRIC b 7817 U 7 = S 3R 8% < AFAE L TU
HZERbMND, ARFHB LAl e—2E, Wise 1EIC LY U V=3 ES ST
W57, HMM SEIRICIEH T 2 @0 TREO Y F= 2V 3EF L T n B bnd, £0
728, HMM 3k 280 nm OV T /L 0 — 20y L HAEAER 2 D AF Y 7 = i<
b5 LHEREND, KR (2—h U ke ln—2) (Chs, SHER (AXhoELn—
A AX g—BAr—2R) [T HMM FEIO UV 280 nm WL &N < . 5D 7 = v &
NN EsrENT- (Figure 5-3),
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Figure 5-3 SEC-elution patterns of Japanese cedar holocellulose, its a-cellulose, eucalyptus
holocellulose, SBKP, and HBKP, detected by UV absorption at 280 nm. The relative intensities of UV
absorption between samples correspond to SEC-elution patterns shown in Figures 5-1(b) and 5-2(b),
detected by RI. Reproduced of image with permission from American Chemical Society (©American
Chemical Society 2017)

BIHERM DY V= NI LT TATIAT U EEE /L, JREI S TA TV
B ANRUREELSIMZ E V) XA T R R UEL R LTS, e ) Y=o v ) ¥
HANZ I 280 nm OWIRE S 7T A 7 VEALOFK) 35 L 725 Z L 0v 6 18 HMM I I\ T
FHEBIIIAEM LV 070 2L OERGE D 7= R OFIEN R SV D, BHEERHITR SR
L0 bH Y 7= BRENREE RO, Wise EOLIREHN L LETHD Z EIXEMTH D,
PIRSLIUA S 1%, SBKP R0k m /L a— ARSI G2~ HKIL, troe—2—U 7=
—INav s FUREThLHEBEL TR VB SEOF T A UV B Z — HER
RlE, BHEEMO HMM Sl B — 7 1T 7 ) 7= e — ARG LTS 2 & &
RLTEBY, ZOEREZBEMNTTDHZENTE (Figure 5-4), 72, o —234EAK
SNDHEREICRBNT, Zhav o) F=r EET AR, MeT s8Iz L
n—AI7 0747 IVANKRERT VA~ ia PO C6 AL 1 fkigIEE ) /=20
AL FRE TR SN D Z E DA ST D 43, SHEER O &5 Ik ©— 7 DG U
HEix, KM+ sEEickEntcere—2 - =y - ravrfUaEs L T,
SBKP °AF q— /L — A TH MG IMEFF SN TWD Z e ZOEREEIET v
VALERRS 7 Z 7 bV b A TR TIREIW S22 MBS CTh 2 2 L B HERI STz, A
BolE, 7 /) — NV T=vD afitbrag—ARRNIELE—ZD C6 it DT—F
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IREEIET A VIO V7 7 A RSV T TRICB W TLZETH Y, BIZZD a i~
—T VR DLZEMIL, TN G T CHET 2 Ao —T ARG ORABAEL, 2
BT AH VST 77 SV ETREE S Y 7 =0 0T 2 BR EHEH L TV D 19,
—Ji . IREMAI LR —ADERDTHLIF T TR0V )X T 0213 C6 Lo 1 ik
KEEFEZA LW, ZO X BREAIRIFEA RSN, ZD7=%, LICIIDMAC (2
BIRT 5 &, Brm—RAE~Itla—R 3TN END oL, SECIMALLS 43#r T4y
I C&E 2 &M 5 (Figure 5-4),

(A) Japanese cedar

P ////
/;;;; Dissolution in 8% LiCl/DMAc
P
P R T
T

Japanese cedar cellulose microfibril Cellulose molecules partially branched
with glucomannan through lignin fragment

\

3
\
\

(B) Eucalyptus

/,/I//
;;;;; o Dissolution in 8% LiCI/DMAc
f PP PP
P T

\
\¢

Eucalyptus cellulose microfibril

Cellulose molecules partially linked to lignin fragment

) Glucomannan ® Lignin fragment
/ Cellulose

Figure 5-4 Schematic model (upper) of cellulose microfibril containing glucomannan branches via
lignin fragment in Japanese cedar holocellulose and the branched Japanese cedar cellulose dissolved
in LICI/DMAc, and that (lower) for eucalyptus holocellulose. Reproduced of image with permission

from American Chemical Society (©OAmerican Chemical Society 2017)
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5-3-3 B TREIR D4R EE

SEC/MALLS HITERE RO @50 F Doy AT 2 ASTRA VI V7 b U =7 ZfIvT o7,
ELH & IR D[Rl — 3 F BB T HIEMEERE (RMS) Offis (5—1) X b3 3T 2
— X gy EEHL, 6—2) RUTRT 4 ERET & L0 0205 15515720 Oy
M %R TI-HRE R A Figure 5-5 127, B /L v — R AR HERUEE & LT BC 2V,

(r2)pr
9M=(:2_>Zn G-1
gy = [(1 +AM/6)Y? + 4/3n AM] /2 (5-2)

Iy T (r2),, 1EIGRELD RIMLS.. (r2) i (X EHEEI O RMS., AMIZ 1 505720
D4y,

JRBERS R OB D S HN T BIC K D22 kIHIZ & A E7ed o7, HBKP 13433 E &
A EBELS 2= VIXMEVMETIEH 203, K0 & T EMOmIE %~ Lz, Z X, Figure
5-3D UVIRILDFER D2 —H U hata— R 3EGEY 7= ORI a— Rz
WAL TWAHDE RSN,

—J5, SHERTHESROREHI Y T BN K E < 722D OITH LIS B L Tz, FHL
TEMEPK 68 nm @ BC OEAE (DP) 13589 2500, AF A E/L v — A3 65600, AF o—
Lm—2 L SBKP (3£ 4200 & 72V (Figure 5-6), Z DIFD A X1t /Lm— ADH) 4yl
¥ 48, SBKP °A K o—t/bm— R SIEH 12 L7e -7 (Figure 5-5), SBKP & X «
—Eu— AP FIEEITIFE—E L, THHEMT O~ T UEBIFER L THo T2
(Figure 5-3), Z D Z ki, SBKP O ERFEINRAX THH7-D2EE v, 7k Vit
REEH ANV TRIETRAR TO e — AN LRETE W) V= b vav v
= EBFET DI EER LTS,

o, KDL —AI T T 4TI ANRELET—RSTF X6 ETIVERETDHE, A
XA rt/a—2 DP 6500 DI~ I L — 2 OB EAEE LK 80 : (6500 —2500) /48 =
83 L7/, S u 74T YARHOELT—AD T L a—Az=y ) 3012 15 : 2500/
48/36%X20 = 29 HHFIT/ D, SBKP LA X q-/L 12— AP DP4200 DHIFH~I /L m—R
DI EAFEITH 140 : (4200—2500) /12 = 142 L72v, 277 47U AFEOEL O —
ADTNa—Azx= ;12012 15305 : 2500/ 12/36X20 = 116 H D5 FIT/e D,

Z DX 512, SECIMALLS SHTfE G b m—2AREION T BT Tl T
WEICET 2R BEL 2 LN TE D,
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Figure 5-5 Number of branch units per molecule plotted against molecular mass, calculated from
SEC/MALLS data and corresponding numbers of branch units per molecule (BM).
Reproduced of image with permission from American Chemical Society (©American Chemical
Society 2017)
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Figure 5-6 DP of Japanese cedar holocellulose, its a-cellulose, ginkgo holocelulose, SBKP and
bacterial cellulose with r.m.s radius of ~68 nm. Reproduced of image with permission from American

Chemical Society (©American Chemical Society 2017)
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5-3-4 R4 RKTE, BT OB — XD FHERE

Kz 7o RO a—t /b m— 2% EDA IRIEIEIC XV IAf#E L, SECIMALLS JIE 21T - 7o &5
Z Figure 5-7 (TR T, A 7 A—ar 7oy NOKSEND, JRER (T HI T, YT X)),
B AFUFE T LIV TAREHT X Lal Ve R LT, —F. #HER (v /%,
T A=) ISR E R LTe, TORRNG, SIS IER & A T a DR OMIETH
D EBNbnd,
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Figure 5-7 Conformation plots of a-cellulose prepared from various kinds of wood species.
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EDA EHEEA VR L e — 2R g— /o — 2 &2 L, SECIMALLS ST 9 =
ENTE 2, JRIERERE & $FEEREUE O SEC/IMALLS HIERS BITIAMIC Z L7220 | JRBEM O
HMM SISO 5y TG IRt v o — ZFEE R L7 L TV REH T v # b= A ik
Thol, —F., SHEBBUEHIAZERFUEL L 0 2272 0 T EAKE L, HMM fEik D 5y 1-1%
WIISERE TR LT, ZONEEEIZ, Ern—2—U = —FlavrFuiEaic ks
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IS I (T B D i OB R PR FMICT S L TV 2D TIERWL N L EBEZ BN D,
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EeoE SlEMRABIOaTFA—Ta

6-1 HR

555 BTIEL, JRBERRURL & SHEERRUBI OEIR P TO o FREEITR R Y | $HEERREE D43
WEEDFIENHA LR o T2, Z OIS, $RA2 77 bSOV A E A TREESH R
Taru—2OET VA Y% (17.5% NaOH fhiH#) bHERF STz, —5, BE DI,
Vi V7 Cdo HEHEEB R OERMEY V7 7 A4 ROV TR, K—T & b UIRBEEHRIE T 8%
LICI/IDMAC IZEGIZIEREL . TWIRH CEHT v X haf R Th D ERELTWD L iR
PIVANNE, AR Ty T ERERRERE T Y 7 = 24T S E VT 7 A h oSV Tl RS
Ty P HRBIINKGIR LTI 7 T 7 MRS DRINKSIR Y T 7 SNV TRdH 5, Zibo
o oL 7RG TR THE L, Bo, REA LT L B DRI, Y V= LRI E
XA AEER K R L DI Z1T 5 Z & Th D, £ Z TRETIX, B L7 ORITE TR
ESEX R ORBEFIENER 2B 2L, $IEM OSSR T2 2 L 2 H
& Lz,

6-2 FEBR
6-2-1 FBLRAK

AMEEFE LT, INEERII=—% VU (Eucalyptus globulus) . &3 IZ A ¥ (Cryptomeria
japonica) DOEifEAKY (5-2 M) A Mo, BUHKH L7 L LT HBKP & SBKP, #&fiE# /L
77 A RV E LT, HBSP URZERS) & SBSP (BHHER) 2 iz (A ARRUERER S HY)
it D FRER LY 1 LR K5 8% (Wako Pure Chemicals, Japan) 4 L 7=,

6-2-2 WY 7= (Wisei), FHEBINMASIE, B~IELE—R

Wise V51, 5-5-2 |ZFE#k STz FIEICHEW T o 7o, BRINK iR, 3k (B9 19) % LM Ak
f2 (150 mL) (Zhnz, A— h 7 L—>7 T 3], 105°C THLERZ, WhlIEE (W7 27 4 v
4#— 1GP100) THIMEIZ72 D F TKRBESEIT o7z, B~/ —20PRIE, 4% KiEgk T b
U AR (100 mL) 1, K (1g) & NaBHs (1g) ZMx, SIETEHE AT 1HHE
RS, WEIIEE (HF 27 /L& — 1GP 100) L. Wil ss hrhic /2% £ TR 21T
27,

a—HY (E) LAFX (C) DOPifeARkKZ, WY 7= (D). MEEIAKSE (A, B~
trr—2 (H) OIEEAZEZ-HEBOFREIT o7, BB ORTLIE, =—H ) (BE) &M
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V7= (D), FEIAKSHE (A, Bi~Itro—2 (H) OIETHELZ3EHET DAH-E,
AX (JC) ZEAFIASME (A, BY 7=> (D), i~IkLra—2A (H) OIETHELE
#AEHEL ADH-IC & EKFE LTz, 6 FA OB A 1EIT Figure 6-1, BilEFUEI 2 SEAEHE L L7
FRBFOEIEE (Yield) 1%, Table 6-2 1277 L7z,

Eucalyptus (E) and Japanese Cedar (JC) wood powder

Extraction with 90% aqueous acetone

A4

De-Waxed E and JC

Delignification with NaClO, in water at pH4-5

v

De-lignified E and JC
(D-E and D-JC, respectively)

I 1
Acid hydrolysis with 1M H,SO, 105°C for 4 h Extraction with 4%NaOH

v v

Acid hydrolyzed D-JC Hemicellulose-removed D-E and D-JC
(DA-JC) (DH-E and DH-JC, respectively)

Acid hydrolysis with 1M H,SO, 105°C for 4 h

Acid hydrolyzed E and JC
(A-E and A-JC, respectively)

Delignification with NaClO, in water at pH4-5

v

De-lignified A-E and A-JC
(AD-E and AD-JC, respectively)
|

Extraction with 4%NaOH

Extraction with 4%NaOH Acid hydrolysis with 1M H,SO, 105°C for 4 h

\ v v

Acid hydrolyzed DH-E and DH-JC Hemicellulose-removed AD-E and AD-JC

Hemicellulose-removed DA-JC
(DHA-E and DHA-JC, respectively) (ADH-E and ADH-JC, respectively)

(DAH-JC)

Figure 6-1 Preparation scheme for variously treated eucalyptus (E) and Japanese cedar (JC) samples.
The treatments are delignification (D), 4% NaOH extraction (H), dilute acid hydrolysis (A), and
17.5% NaOH extraction. Reproduced of image with permission from American Chemical Society (©

American Chemical Society 2018)

6-2-3 KB, SEC/MALLS HIE. ST

SEC/MALLS & EHT EDA iRiEiEZ AWV TR L 7= (4-2-2 2R), SEC/IMALLS &4
%, 2-2-7 IZFEHk L7 BV T o 2, KERIEZ A3 5 240 dnlde fEIZIEUE CTH 5 7=
» (Table 2-2), ~IkLE—REOZ W FatELro—R |28/ —ZO dn/de i 0.131 %
A EZ G Uio, R 75T 4-2-3 12F0#0 L 72 FIEICHEV T o 72,
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6-3 FEREEBL

6-3-1 B VT LRSIV T D SEC/IMALLS BIE

HBKP, SBKP . HBSP, SBSP ¢ SEC/MALLS #I|E D& F:% Figure 6-2 & Table 6-1 12/~
SBKP UAMI TR TCOREIChHFETny hearvTxr A—ar7my Mi—EL, slope
1% 063 &2V, BFHEEIXT LF T NAREMHT X ha  /WIRTH -7z, SBKP D75y
R & 72 0 | EHEERTH ST B IR LT (SBSP) 130k 2 /R & 720 7o, Z O R
HOWE L —FHLTWD L IR/ LT L HBKP O My fEIZIEIER U & 225 7228, 4T By
T2 B> TW5D, HBKP (21X 2 2O E—7RH 0 | @y Filidtr o — Ak, K5
FHEBIIA~I BV — Ay L e D, —FH, BRIV FIIE—2 R 1 oTHY, ZhiZ
NI — ARG BRERES L, RS PNIREEAL = ADBTH LD THD, Ei-,
B V7O — 27 X HBKP LV RS FEMIZS 7 FLTHRY, B Lot ro—
ADGFEITZHBKP LV B FLTVWAZ EERLTWD, ZOLHIT, I TESAITED
TRELOFEM R W21 D 11T D CHERST HIETH D,

Table 6-1 Molecular mass parameters of variously treated wood samples determined by
SEC/MALLS/RI. Reproduced of image with permission from American Chemical Society (©
American Chemical Society 2018)

Original sample Sample M Mw DPw?  Muw/M,® Cale. mass®  Slope
name (ug/mL)  valued
D-E 94700 347000 2142 3.7 0.41 0.62
Eucalyptus DHA-E 24900 166000 1025 6.7 0.50 0.57
ADH-E 22500 127700 788 5.7 0.55 0.57
D-JC 288000 890000 5494 3.1 0.33 0.38
AD -JC 64900 327600 2022 5.1 0.37 0.46
Japanese cedar ADH-JC 23000 106400 657 4.6 0.52 0.61
DHA-JC 30400 189800 1172 6.2 0.47 0.46
DAH-JC 31000 158700 980 5.1 0.41 0.60
a-cellulose 115900 568700 3510 2.3 0.45 0.38
HBKP 78300 273300 1687 3.6 0.54 0.63
SBKP 112000 494900 3055 5.3 0.47 0.44
Pulp HBSP 49100 218700 1350 4.5 0.48 0.63
SBSP 129700 289800 1789 2.2 0.40 0.63

a DPy, = Mw/162, ® Polydispersity, ¢ Determined by SEC/MALLS analysis, ¢ Slope value of
conformation plot
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Figure 6-2 SEC-elution patterns and corresponding molecular mass plots (a) and double logarithmic
plots of molecular mass versus r.m.s. radius (or conformation plots) (b) for SBSP, HBSP, SBKP, and
HBKP. Reproduced of image with permission from American Chemical Society (©OAmerican
Chemical Society 2018)
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6-3-2 FEEIASIE. WY = B~IELo—R0BEIc X AR el e—2OBEE

2—7Y (E) £ AFX (JC) OfiifiAtzd Bl 7= (D) — Bi~Ikirvo—2 (H) — #
BRIy (A) OIETHLEE L7250k (DHA-E, DHA-JC) & F#ERIK i (A) — BV 7
=y (D) = ~Ikro—R (H) OIETLE L3k (ADH-E, ADH-JC) @ SEC/MALLS
HITEF K ORERBE T 21T o T2, AERHE AT ORISR (Total) 1XFEIOERINK /314 O RYE
fiR B AR L, FHEREHTIZ D DY 7 = VB CIERE E E BE 2 bhb, T O
TR, WK R A2 OIDITAT > T2 A X3 ADH-IC O F B 7y hear 74 A— 3
y7'my MIzm—7U (DHA-E,ADH-E) & —Z(L, MEIXEHT X haf uikE o7z,
ZDZ LD ADH-IC 1E SBSP Oy T FEBLL T\ 5 £ & x bivd, —77, DHA-IC I,
slope fEAV/NE L 720, SBKP & [AlkR D $HEEM 1 Rk OFE D R A MEFRF L Cuh7z (Table 6-1,
Figure 6-3), £ 7. W ST OFE RS DHA-JC IZIZADH-IC LV b~ /) —AZAENZ
ZEBRbhot, ZOXHI, WMHEIEFEEZ D Z LT TGS EEE R IE OB D
7= (Table 6-1),

DHA-IC D X S5 7 =% D57 ) 7 = BV 22V REE THRERINK iR (A) %179
L Bre—REFRLIEED I vavy o F U r—AI 70T 4 7 U VRIEIC
KEBAEHETHEA L, Bro—RXI7 a7 47 VL EMBEIIHAET D Z & THIMKSFIC X
L7 Naw T ORSTEEERTTE Y ADH-IC O X 5 IZRANZAEEINK M (A) %
192812k, ~I're—2RES b L, SEBRBRESND DO TRV ESZ 27,
T T, WK (A) BRI =08 (D) L7z AD-JIC Ot & iT>7-, £ Of
. AD-JC @ slope filfi% 0.46 720 | & EI TR SN TR, v/ —A R ED~IE
N — A5 b %< ko Tz, DFE V. U 7=V BNFEET BIREE TORERINK I fE D3 531
WEREOERTH L LITEALT. KEOTAH VHIHIC X 2~ o — 208 (H)
NIRRT B ThH -~ 72, BT, AD-JC T Y 7= H3KD UV 280 nm DOWLIL B — 27
DR E L, FPEFEORIE (Total) BMEWZ D, BFEV V=&, MY 7=
HEOT VA VIR~ B — 27200 T, Y Z7= b RN TH DL Z b
7% (Figure 6-4, 6-5, Table 6-2) ,

SHEBFF A O AEEIIAMET 2B SN v e —RA - ) V= — T ra~v v
BATHY, ZOLFEREAEITAD)FEFCRERT—T A THDL EHRIN TN
25, o ~IBAr =R I Y = BRZIZ T S VI TRETE 208, Zvav T
VIFRAF) T =y AEEREA LTS, TV U i TORRENIREES LR SN
D

BT, WERIMK R % & DEFETIT 5 ONIAEEICEET 200 EREHT 5720, Wi
Y7 = (D) EHEICHEINAKN (A) 21T-7- DAH-IC 2R L7=, T OfE%E, ADH-IC
& DAH-JC D4y &7 1 > b & slope flEIZ—2 L. slope fEIZH 0.6 L2V EEHT > ¥ LaAd
NiRkZER LT, LML, DAH-IC Oa v 7 A—var7ay b7 A vid=z—h Uik
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(ADH-E, DHA-E) ®° ADH-IC LV L AL NCE D FEBANCA T A4 L, A UIEMEEETY
DT ENRE o7 (Table 6-1, Figure 6-4), DAH-JC [ ZAEENK R, Y 7= T
TV OFTRCTEITo 72 SFEHOREF TIE, kb VU 7 =%k UV280 nm DI B —
I NREL, WEREFESHTORIEE (Total) HIRWZ &b, BiF) F =V ENRZ NI LD
7>% (Table 6-2, Figure 6-5), itV 7= L% DRSS FL L TR B —RIZTHEG LTV 5 5%
7Y 7= VI IS 2 R T ERR L 13 D0, Bre— 25l E L FEE LT
HZET, RUEMEFETLEDTFEMICC 7 MLz, 2E 00 FERHRICRKE L 8oz
EHETE B,

DAH-JC [Z ADH-IC LW BT~/ — A& b LV, ZHUIFRAFY 7 = &7 ADH-IC &
DHELNWTH ) TR LT va~s b 20N Th b,

—J5. DHA-IC IZ7 A Uit (H) oFg, V7 =v =T MG L/ vav s un
EBHE D TORETHELTBY, 2T ARKEETADIFETTRETH LD, TV
71 VA (H) TixZva~ b idbrEcEian, 740 Ui (H) % omEmKss i (A)
IZR DA v — 25T AD-IC OB HTHERDRT L o1, 7l VR (H)
FEDORA~I BT — RBhEIT /20,

DHA-JC % DAH-IC LV b Y V= BNV R Ao EZ R L2 b, V7=
VDRSOV aw T U ERY B LT n — ADSIEEEREICIILE TS S
W, FRAF D 7 = OIS O EARER TIER L . @ THERO Y S =iy EA L
B#Z7Va<soFontro—RCfEa LTWD 2 L RDIREEDEBENRERIE L E 25
o,
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Figure 6-3 SEC elution patterns and corresponding molecular mass plots (a),and double logarithmic
plots of molecular mass versus r.m.s. radius ( or conformation plots) (b) for eucalyptus and Japanese
cedar after the DHA and ADH treatment. Reproduced of image with permission from American
Chemical Society (©American Chemical Society 2018)
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Figure 6-4 SEC elution patterns and corresponding molecular mass plots (a), and double logarithmic
plots of molecular mass versus r.m.s. radius ( or conformation plots) (b) for Japanese cedar after the D,
AD, DAH, DHA, and ADH treatments. Reproduced of image with permission from American
Chemical Society (©American Chemical Society 2018)
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Table 6-2 Yield and neutral sugar composition of variously treated wood samples, and their

cellulose/others ratios obtained by SEC/MALLS and neutral sugar composition analyses. Reproduced

of image with permission from American Chemical Society (©OAmerican Chemical Society 2018)

SEC-MALLS Neutral sugar analysis (%)
Original Sample
HMW / Cellulose / Yield ¢
sample name Glc Gal Man Ara Xyl Rha Total
LMW 2 Others ®
D-E 63/37 67/33 ¢ 669 15 15 05 145 10 859 83
Eucalyptus DHA-E - 95/5 ¢ 947 0.0 11 00 27 00 984 32
ADH-E - 97/3 ¢ 96.9 0.0 05 00 12 00 987 30
D-JC 83/17 52/48 ¢ 546 15 66 11 51 09 698 79
DHA-JC - 88/12 ¢ 903 0.0 57 00 13 00 972 42
Japanese AD-JC - 66/54 ¢ 69.6 0.0 45 07 21 09 779 45
cedar ADH-JC - 95/5 ¢ 959 0.0 21 00 10 0.0 990 38
DAH-JC - 94/6 © 903 0.0 36 00 11 00 950 35
a-cellulose - 79/21°¢ 81.0 2.1 48 05 12 04 900 47
HBKP 72/28 77/23 ¢ 770 0.0 03 0.0 150 03 930 -
SBKP 85/15 80/20 ¢ 820 0.0 47 00 60 01 930 -
HBSP - 93/74 92.5 0.0 15 00 22 00 0962 -
SBSP - 96/4 ¢ 96.1 0.0 09 00 15 00 985 -

a HMM/LMM ratio was calculated from SEC-elution patterns using peak deconvolution.

b Others: hemicelluloses, lignin fragments, etc.

¢ Cellulose/others ratios of Japanese cedar and SBKP were calculated from neutral sugar compositions

according to the following equation, (Glu-1/3Man)/(100-Glu+1/3Man).

d Cellulose/others ratios of eucalyptus and HBKP were calculated from neutral sugar compositions

according to the following equation, Glu/(100-Glu).

¢ Based on the dry weight of the dewaxed wood meals.
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Figure 6-5 SEC-elution pattrnes for Japanese cedar after various treatments, detected by UV
absorption at 280nm. The relative intensities of UV absorption between samples correspond to
SEC-elution patterns shown in Figures 6-4(a), detected by RI. Reproduced of image with permission

from American Chemical Society (©OAmerican Chemical Society 2018)

6-3-3 HEx 2EF D slope E~DFEE

Figure 6-6 (T slope fli & My, Z /b a—2 &, v /) — A&, L o—2&, REEHUEEO®E
FEEE (Yield) . FYEREOIGEE (Total) OFHPIRISR AR, B EEIGERITFRIO RS R 2
VTSNS <220 FVEREOICRITIRAFY 7= &R WIE SIS D, ZD
FER, v — A& L slope [EIZITADOHBIBBER A LI, v /) —ABENRLWIE L slope E
IS0, Bra— ARG OBIGEREN ERNDND, £12, D-E R EREEIL
& slope fEIZ & AABIBIGRAN 72 & 41 B O RFRLEE DM T E L 1 — R 5y O 538 BE 705 i <
2o TND, Fr—ANELY D-E OBEEFIGHET slope i & FHEIMEV, 2405 OFESD
bbb, FiF~ /) — AR EPEERE R © L v — 25 Dy BHEE I BR N DR 12 &
FASY
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Figure 6-6 Correlations of slope values versus molecular mass (), glucose yield (b), mannose yield

(c), xylose yield (d), yield (e), total (f).
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Non-phenolic lignin/polysaccharide

6-3-4 FERMASGE BLXOTALVHIHIZ LS o-m—F WY =V /ZEEREES~DE

TAAVHHE TR, 7 ) — A =0 D q-m—F VY 7= B ESITRET
LB, Tz )=V T FF ) AT FEEER T, o-=— T AR 7= SRR
EIXOIrT 5 Z L3 TE S 8 (Figure 6-7), A RIFHH L 7= AD-JC Tidk /b v — A5 57i
HENFE L, ZO% 7 V8 Ui L7z ADH-IC TIXZORIEENBRESNTND, 20
FEREDATH-OIIE, HEOT VD VLB TEHEL ) 7= O —T VA D EIE S
HHHENBHY . FOTEOIIZE) T =BT = ) = ARITRIT IR B0,

These reactions preferentially proceed at high lignin content
CH,OH CH,OH
Hc—o—ngmn Hc—o—ngnln

CH—OH HO— Polysaccharide CH O—nPolysaccharide

Aud treatment Cleavage of a-ether bond
at high temperature
(|)H20H
H?—O— Lignin OCHj OCHj3

CH—O—Polysaccharide —

Formation of phenolic-OH groups,
keeping lignin/polysaccharide a-ether bond

OCH,

(o] —————> Stable
/ Alkali treatment Alkali treatment
at room temperature at room temperature

a-ether bond structure Depolymerization

Acid treatment
at high temperature

CH,OH CH,OH
HC—O— HC—O—

CH O—Polysacchande —_— CH e)O—Polysacchande

Polysaccharides — Cleavage of a-ether bond
Removal of low-molecular-mass
polysaccharides by alkali-extraction
OCH; OCHjs
Glycoside bonds: stable

Alkali treatment
at room temperature

Figure 6-7 Preferential reactions in terms of cleavage of lignin/polysaccharide bonds in wood samples,
that can explain the results obtained in this study. Reproduced of image with permission from

American Chemical Society (©OAmerican Chemical Society 2018)

G DI, AMITIBRHEIC LY . 7= 7 —AMKBBREOZ W USHEICE RS TV 7=
MEEITEOND & DOHE L TWD 8, JBIMETIIAM OEIR, @IE N TOEELHEDMICA
MR OFRBE T AT VI BREBA AR L, WEEE T TAI ' Ar =200 7= 3Ky
fif SRS b L, = FF 03 ol — i S S WIRBBIC 72 B, Z D% oKX %
—HIHIZ R DV F =Rt m — 2D RESIIRE SN D, BIEERITIREER & ik L
TV 7= OBRERIGVD 20D BESHER T » 7TICER ST BIELE 21T S &
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Z D% OIERIC L DFE R T2 L OMELH D 810,

ADH-IC TIIAM ZIBRHESCEEMEY VT 7 A4 MEO L O IZ— AT CAET 5 Z & T,
7z )= N T = R OBEIMMBMEES L, U T =D B - =T ARIORE G DN
SHNCHIT S, ZOH%ROPY 7= (D) k0 o) ZF=rngfig S, Tl
VHIH T = 7 — VY F =0 L RO EITM S, Fva~ T b ) T = bRy
e —23I 7874 7Y VRENLRESND EEZOBNLD, —F., DHA-JC DX I
AN SE (A) EFTIBY 7= (D) 2175 &, HT7 =/ —ABY =0 BnEl T
BV ZIT->THEREL ) V=0 Do —T UFEERITLZEL TN D,

WfRASN TG TR T, TAB VST TOr T 7 h7RFEOE H LR AR INK 55 fiF
EITHZET, 7/ —NHU T3 8L, %OT7VH )& TFTOLBIZLY ELm
— AR DRHEE D BN L In b S va~rFr b ) 7F=rkkiln— AN RICERE
LCW5 ET UL, AEBRD DHA-IC OfEFR & —8T %,

CH,OH CH,OH CH,0H CH,OH

Hc—o—ngmn HC——0O— Lignin cltl—o— Lignin ?=O
+
CH OH CH—OH;, CH CH,
+ Phenolic-OH-rich
— — A
Acid treatment H* lignin
at high temperature
OCHj OCHg OCHj3 OCHj3 [
(0] (0] (0]
e pd e Figure 6-7

Non-phenolic lignin
with a-OH group

CHZ0H CH,0H
HC——O—Lignin HC—O— Lignin
CH—O——Polysaccharides CH—O— Polysaccharide
_—> —— > Figure 6-7

Acid treatment
at high temperature

OCHs OCHS,

o OH

~

Non-phenolic lignin/polysaccharide
a-ether bond structure

Figure 6-8 The hypothesis to form phenolic hydroxy groups of lignin, keeping lignin/polysaccharide
a-ether linkages, during acid-hydrolysis of Japanese cedar.

LU, ERINAKDIRIERIC X5 7 = ) — AR 7 = U B OIS\ TiE, 71
FEBROFER, MBINAKGEEZITO & o MOKBEIEIZT v FoPEG L, £ 2 bEBRE AR
TBOAM#A¢QMénék®ﬁm5®ﬁi%%éﬂ”o:@%?wi%®ﬁﬁk\$£
BROFERZ R ERHNATL20IXRETSH D, £ 2T, HWERINKDFLEIZL S 7 =
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=N 7= mDEMEZLUL TOXIET D & KERTHEONIHREZMIT 52
CIIFRES L E 2D, ThbL, BEFAERO LI =0 D a MAKBRIEDSEAIZIT,
AR RIZ K > T a fLDOKEREEZ H 23656 L, 5 RAVIC B-O-4 BUiE & MESER) I BT <
. 7= — VKBRS ERL— #8035 (Figure 6-8), L2cL., U7 =20 a (L% HEK
L T —T NAEEEE L TV DGEICIE, ZOVKEFIZE>T a0 o—7
JUAE S I AT K 43 i & BRZAE9°12 Figure 6-7 O EEED 7 = 7 — A MKEREEZ A L, 72
B a fLiZEEE O =T VREEDFEL, BALIZIZY 7= & B-0-4 BiE & 2R L T
Wb =v MDA 5 (Figure 6-8), Z DBk, J 725, Figure 6-1 ™ AD-JC s UBFIZIX
Figure 6-7 I RT L olcEre—R ) F=r / Za< oo ONENEET S, L,
TNA VAR5 Z L2 XD ZOREEITEIN S i, yIsdEEE S L, Figure 6-1 @ ADH-JC
HUZIT I IXAFAE L7220,

DAH-JC #UEHE, DIEEITIZE A LS, W UEEERTHMB L —2 L0
HENKREL, v/ —28&H4 7 (Figure 6-4, Table 6-2), ZDZ ik, Bro—x U
7= (OfEY) ORBSITHYERFL TN TYH, 7=y /7 avrFrOiEaoET
B3IV L ERB LTS, LER-sTC, B —R ) V= ofEab, V=2
IThawr b rORAES a O —T AEETEEBEZ LD DT, FRMKI RO SRR E
I X AEPUER, Rt —AI 707 4 TV AERROE LD —R Y T = DFEE Y
J=rDa = —TNREEORHN, FMETERS RO Vvav LV =D o —T
NES LY b, F UAERIK S fRAAEEC L IRPIER SN2 E 2R LTS,

L, ZNHDOMGEEFEAT 572035 B OE R MR NBETH 5,

6-4 &

PRI LA 2 Z T2 AF AR D SECIMALLS T CHE BB 3 AT DFE RS | IREERR T T
U7 enm—27 80X S rEmkalbE L o — 256 & RO ELELR OFEL & $HEER 2 5
PR DIIE, TAH VALBREN S AR - ) 7 = B AT 5 Z EBRUETH - T,
SN LY 7 = PR EATH 2 LT, T = /) — AR F= U fEEREIN L, %0
TNAHIVEHETREICLY 7= ) — W) = L2 O—T VRIS NS, &
LY DEEOER E 72 b 7 va~vrF b ) 7= ZRIFFICIEMICE L e — 20
LETE D EHEESND, £/2, B —RGFLEA L TWAES FREOEEY V=
BRZWGEICIE, 20 7 A=Y a7 ay NI L — X FERE ESIRZ R T8,
A CEMEFRRTH o FRIIRELS RS, 20X, AHMEkotrr —23 0 HTIE~I &
NE—ZR) = bl a— ARG T L UL THRA L TEY . 7D U TF o
CDOHA I T TATI DT, I AT —R LY 7 = B R k& 5
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WIE AT A URERRIC X Bl 1 — A BB OHEE AT B UK
EIC X B n— 25 T RAEFEORT

7-1 EHER

75 6 FFE Tl SEC/IMALLS MIEIZ & 2 FADEEGELIE 2 W B R RO AN 6 r e —
ZBBDOREEIRMT 21T > T X 7228, KiFEEEIC X 5 Mark-Houwink-Sakurada 2G4 AV M7= 45+
DOREERNT & — BN AW TV D, YFEEICE N T r — 2RO F L o
T2 IR O E A KL D> B Mark-Houwink-Sakurada 0% AV, 5+ 8 (My) ZEH L T\ 5,

FAED LI A—X—FFNCTHIE LB —23E0 1% LiCI/DMAC 11RO 38 Tk B
EoaTRE (M) Ok a » b OfEFIX, SBKP It Lm — Ak L IRiR R TR D
HiETHDZ LR LT,

ARETIX, HPLC F v 74 UhERHa A V., Err— 2360 1% LiICI/DMAC IR D
RERE W E 4TV, £ OREFE 25 Mark-Houwink-Sakurada 7 &=~ R Z1Ef L. B oh iz
Mark-Houwink-Sakurada 7> 5 &L u — 2 OS5 ARG 21T - 7=,

Fo. R rr—200FE (M) HEFETHL BV —ADHEHTF L U7
CUSIR DKL EEIEE THW S Mark-Houwink-Sakurada #07% . A RIEHNIC LV ER L7 1%
LICI/DMAC &z /v 1 — A& D Mark-Houwink-Sakurada 7'~ h & [iled 5 Z & ¢, T L
VUT I VIRIROREEE A LN A B — ZRE D4 F A D S PEIC OWTRREE LT,

72 ER
7-2-1 RARHERE

JREERHE R 2 Z 7 bLT (HBKP), $HEEMITER 7 7 7 317 (SBKP) 13 B AT
Xt E W e, ZAXRBPOHAE. M) 7=v WA~ re—2 0 wERINKSHEEZIT
- 7273k} 2 FfH (ADH-JC, DHA-JC) ZFREL L7z, 21 5 OB O FE 7255 )5 113 Figure 6-1
WZRT, iR —XFay U & —H2kO Cellulose powder (Cellulose powder C ,
Advantec. Toyo, Co., Ltd, Japan) ., A4 )L 7'H 3D 75+ (Funacel 1, Funakoshi Co., Ltd.
Japan) Z 7z, ORI IESE R (Wako Pure Chemicals, Japan) % H L 7=,
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7-2-2 A —RREOBEB XA T4 UEERIE (SEC/MALLS/ViscoStar HI%E)

SEC/MALLS HIEIZ AV 57978 LUV BB /L — 20 LiICI/IDMAC ik 1% . EDA 1=
ALERYE, P Al L e — X @ LICUIDMAC %, K—7 & b o EREE#E 2 IV CGRE L 72

(4-2-2 Z:8), SECIMALLS HIESIEI, 2-2-7 (2R L7 HIEICHEWVTUV, dndde i1 0.131
mLlg ZH W7o, A7 A v EEMER A (ViscoStar, Wyatt Technologies, USA) #%
SEC/MALLS HIE 7 A B L, o F&HE L RIRHICHERIE AT > 72, Z8ERE LT
ViscoStar OfR#& X% LL N2 d, HIERBIL, 77 A0 OIEH LB I ERICA S & 2
TRER ISR OB L Clitdu, 2D & E 0 2 BREEOFEE AP 1T 5V 0 27, 7L
AT D ERBRIZHEET OIT0 00, —FH ORI O delay volume 53 IZ3UEF A D & 2 #%
BOENNRE—L 5, Z0D&EDEE Ap ERBEEEONEES IP 21X, X (7—-1) ©
BAtRA & D | BBICHEEE e 3K E D,

1sp = nlno —1 = 4AP/(IP-2AP) (7—1)

n (TFREIOREEE | o lRIRIEDREEE | AP IX/EA DI DZEE, P IZNERIKD LT,

Measurement
Bridge

Measurement
Bridge

Pressure
Transducer

Pressure
AP +§: Transducer
HE IP
Measurement Measurement
Bridge Bridge

ZEZERL . ViscoStar OFREEIX]  CREEEMR 2% Viscostar 1 #1277 L 1)
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BT np & RUMESRIC X 0 FRHZFH S L 2iRE c 2 v T, X (7—2) S EA K
JE 3R E D,

[7] = lim nsplc (7-2)

B AKE [n]& 58 My OBIFRIE. Mark-Houwink-Sakurada 2 (7—3) THIT Z LN TE
%)o

[7] = KMw® (7-3)

o & KIEEyFoEE, WEHORIEN NEEIZL > TEELIERTH D, o I FIkE
RIERTH Y, BIRIT o 2358 1.0, BIRER CTOEHET & LA WRITH 0.8, FITHl
DEAWIS LT ald/hSVWMiE L 2 5,

7-2-3 MEHEICX 3 HFERE

HORSHCRURE (40 mg) ([ZZRBAK (10 mL) &Nz i L. BB Bk, IM =T Lo
7 X KRR (10 mL) & nA THER T 30 /I ER LB 2 fif S o, ZomiE 10 mL &
Canon-Fenske K5 EE R (S-2524, Shibata scientific technology LTD, Japan) (27 A L. 25 °C D1fHE
A (VB-3 Shibata scientific technology LTD, Japan) H(Z 5 4y &E %, KEEEHIE 21TV, 3
[EAE L7286 () ZRD7z, BRSO R ERIE 21TV (o) bk, X (7—4) &

(7—5) ZMWTEITHE () ZHH LT,

n t
S (7—4
T Mo to )
nspznr_l (7_5)

e VTFEXEREEE | no ITVEBEOREE | n IXTRROKEE to: VAL UE FIRFRE t AR O FIRER,

B — 2B O F L VT IR O — RIEIZ LD HEE T, Shultz-Blaschke D (7—6)
ZFHWTEEE ORI D BEARE ([7]) ZRDD, i=F Lo U7 I VRO EL R —
ZREFCIE k=0.28 2=,

Nsp

- c(l + knsp) (7-6)

n]
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Mark-Houwink-Sakurada = (7—7) ZMHWHEES & M EHE I L, © o & KT,
FhE a =1, K=0.0057 & fHuw7= 1,

[7] = KM (7—7)

7-3 MERLEE

7-3-1 SEC/MALLS/ViscoStar BIEIZ & 51 o — AR OGN

T a—AQERMEIZRE ML TE Y, 8% LICI/DMAC (ZIEfET D5, IRikE#Z X
BRMLE N UNETH S, Ei-. fifatlo— 2N TIXESRTHY . Ao —25T0n%
BORCThH D LITB 2 b, 22T, — i rn—2 oar 7 A—v a7
2 v h o slope fEBMEWIG AL, ZORIK & L TERESONMA RO ATREMEN DS 2 L
2L, ARFEBRCHB L EREHL, BIEMMETHY . SEC/MALLS JIERE T HEEEIC X
% Figure 4-7 IR L7 K9 EFECHELb B S o i b b b3, BHEERHkD
B slope EIFMK L 720 | SR TH D Z & AR LTz (Figure 5-1,5-7), Z OfER %
BRET D720, HEHT v # LaA VRaEE LT HBKP & ADH-IC, iRtk & LT SBKP
& DHA-JC % iV (Figure 6-1, 6-2, 6-3) . Z 415 Miktd SEC/IMALLS/ViscoStar il 24T\,
Z OfEFN B Mark-Houwink-Sakurada plots ZERk L, # O EIERR DO XD B RS EEEIC L 5 47
THEERRT 21T > 72 (Figure 7-2) , o OFEMIL, WHE—27 O —7 b v 7 (EOULER D
B BRDIZ, ZOFEF, HBKP & ADH-IC @D 01X 0.75 £ 720 7 L X U7 ILAREEE T o & A
aA WRER LTz, —J7, SBKP @ o 1% 0.46, DHA-JC @ o 1% 0.55 & 72 HBKP <> ADH-JC
L0 LBHLNNE L 720 DR ER LD, 20X D ICEREEELE SRR IRIC L D
72 DWEITIETON TREEMATRE RN — B L7 2 L1k, 26 OFIEC X Doy THEEMRHT
WEREIRUYTHDHZ L 2T, Figure7-2 ([Zx L7ZE 84k HBKP & ADH-JC ®
Mark-Houwink-Sakurada plots 7 “iZ#h#RcH v . @or&Elll FHY—27 y 7&25T)
CESTFRMOMEE (o) 1TRR->TWVWD, Z0Z i, Bro—2045F#EOmilrETH %
FREDIRG T8I0 EMHE () 1TREL Y  BRRISGESS Z AR LTV D, BRI,
trua—2A0 7 — U HEZBGRIER DR L, £ OfEIX 18 nm (8 DP 36 IZkIG) & LT
W5, ZOEFEEE (LICHT X R 081/ — 20 C3-0H & C5-0 M5y Hif
BORBIIZ T RVMETH S & bR TWNWD 3, Bre =25 FHEN 7 — UV HEMT Tl
WThd eI, ZOEORSTEMO afEIFKE D EEZX LD,
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Figure 7-2 Mark-Houwink-Sakurada plots of cellulose samples using SEC/MALLS/Viscostar.

7-3-2 B E— R D Mark-Houwink-Sakurada &

SEC/MALLS Zp#frid. #ffor &, o F&EoMh. 0 FHEES OFEM R 2175 2
&5 =77, Bm—Zi B0 LICIDMAC GBI IFRIAN 0 | EREETH D L9
KiEbdHD, FOH, Bro—2RBOSFEREREE LTHTF Lo OT I VIRIKOR
FEREED— AN TS, & (M) BEHIZHVW S Mark-Houwink-Sakurada =
DIFEL (0, K) IZBW TR~ RERRE SN TEY 4 8 KERPER~=o27 L TlX, &
M 724828 0 =1 & K=0.0057 4y FE&HEHICHNTWS 1

SEIOERFERTHONTZEIHT & b aA RekE (HBKP, ADH-JC) @ 1% LiCl/DMAC
H T Mark-Houwink-Sakurada D£R%EL & —fxAIIC £V v — 2B O 45 F B REICH W B iU
TWAHTTF LT I IR T OF%%5 D Mark-Houwink-Sakurada 7" = |k % Figure 7-3 (27~
T, RIS E D - O EBE L ITH R RS, Bl — 2@ LODP fEE &% DP 200 (My
32400) I TiE, KiEEE SEIORRFERDO T A AXZFER>TWDLR, ALY REWN
— RISV T DL TR T TRIFKE R0 | AERFER~ =2 7 L OLRHT
A EIOFERFER LY 720 /NS Wy TEERD, ZOEDOET S TEIRKEI VI LS
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272 %, ZHITKEETT v =22 IREn0F LAkl a=1 L LTHFE (M) 25
HTWB7DTh D, 7-3-1 THRREZX H 1T, o —R 54837 — U HEMIT TR T
HHMN, DTHPEL b EEMMEZRTEINTWS, B La—2A06ELR5
TEMPO gt ra—2AF/ 7 4 7 VO TEM BN L, Bra—AI 707 4 7 U Vg
RIE 2R TH D3, B —2I 717 0 7 VR EEE B S U7 RE IR Tld 2z <
JErPE A RS 2 E B EN TS (Figure 7-4), T OREm S+ ChrErn—2 %<
DERFET T ERRICT v haf WREGF T D LRSI IEROEH a=1 1724 T
T, L —23I 707 40 7Y MTELE — A5 FOMAOR THER I TWS L
EZOHNTEY, 2OV A XERBIZONTIRRA 2MEDRH D HEE SN TNV o
> b RARM L v — X B AN S i LI U 7o s s e v o — 2 04y F 813K DP 200
EENTEY, 4RO FEHFE R CIXRERE & SECIMALLS JIEIC L 50 FREAER RITED
5H%DP200 & 72V, Figure 7-3 & —%+ % (Table 7-1),

Table 7-1 My and M, of microcrystalline celluloses obtained by SEC/MALLS and the viscosity

method.
My (DPy) Mw (DPw)
Sample o
Viscosity method SEC/MALLS
Cellulose powder 29500 (182) 29800 (184)
Funacell 34500 (213) 36600 (223)
R ! ! rorr T ! ! rorrTrr
— — — CUEN, coefficient [n]=0.0057M 1t
. 1% LiCI/DMAc,HBKP []=0.08M 0.7
10°F 1% LiCI/DMAc, ADH-JC [1]=0.07M 074 E
o
-
£
2 10°F
n o
2 i
8 I §
>
Qo
(%]
£ 10°fF
IS i
107 | E
- .IA‘...“ ‘ ‘ “‘A“I A. A‘

104 LODP 105 106

Molecular mass (g/mol)

Figure 7-3 Mark-Houwink-Sakurada plots using various coefficients for cellulose samples.
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Figure 7-4 TEM images of TEMPO-oxidized cellulose nanofibrils (TOCNSs) 2°. Reproduced of image
with permission from American Chemical Society (©American Chemical Society 2007)

7-3-3 oFHEEE M E My

SBKP & HBKP M4y 1B % KifE#E (My) & SEC/IMALLS JIIEE (My) AW TRD7-FER %
Table 7-2 753", SBKP & HBKP D43 f-&id My TIZIFIFEEA R U Tidd 573, HBKP O 5 034
TREV, My Tid SBKP & HBKP DOfEIZHIRICE72 1 | SBKP D43 F 8D HF N K EVMEEL
L7z REEEEDN G RD B D W) P RITIEHUR B DO LW ERO R TH 0 . FFIYEHEGEL
ENSRD SN DIEM RIS FOEL D OWEEEZ FEUL L TH D, ZD X HICEAR
LEFRTHDLIZD, BER/LTLE BT 2 HLETHNA, HBKP & SBKP O My & My D X
HNHERN DL B AHA A RT LB r— 20N T EIHMIIZREC /25, 20k i
% s 5 o B A X, SEC/IMALLS/ViscoStar % A ™ FZ il L 7= HBKP & SBKP o
Mark-Houwink-Sakurada 7= v R BREBHT 25 2 & 3 HKR D,

SEC/MALLS/ViscoStar Il € DOfEH:, HBKP & SBKP D4y 1-EAEIK Tid, [F UKL Ll 4
e, BT X LA RO HBKP 25D ~7 a » b X0 $ 0RO SBKP #0717 > b
DT RHPRIC KX A4y TRl 2 7~7 (Figure 7-5), O F Y, ZIERD SBKP 2 HBKP &[] U
£2%1 Mark-Houwink-Sakurada & FHWT My ZHEH L7272, 2O X972 My & My 34:<
BBz RrLicEEZLND,

T A A =2 —%& AW TRIE L7z 1% LICUDMACIRIE H D[R] UL 1 — AP E D HBKP,
Dy b NI FYTRALO—R RYELT—R T TR F T — ZADIRITCRE (Nred)
& My ORI T vy M@ A A B, REtoBRICEDb L LR —20D 5
FENPREWVIZEETCHENRELSRD Z E2URENT (Figure 4-7), ZDOZ EiX, b
DO —AREHIE UREECTH Y | 7 UHRE D Mark-Houwink-Sakurada 202 v 7= My D bt
BITARECHH Z EA/RLTCWVD, —J7, SBKP [#iotEra—2R EO 7o v MIthot
N =2 EO T A U NHRELSANTEY, 2O LD SBKP Oy FAEEIZEZRY |
Mark-Houwink-Sakurada DR e 5 Z L AR LTV 5D,
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Table 7-2 My and My, of pulps obtained by SEC-MALLS and the viscosity method.

M, (DPy) Mw (DPw)
Sample o
Viscosity method SEC/MALLS
SBKP 156000 495000
HBKP 184000 273000
105:""I B L | B L L |
—— SBKP :Branched
10 F HBKP :Linear
Q C
_|
E
L4 _— .
S 10% L i :
%] C | !
2 ! |
&) | |
) | |
= | :
IS ! !
10° : i
10]_ aaaal M M gl M M ..A'. aal 'A. M 2
104 10° 106 107

Molecular mass (g/mol)

Figure 7-5 Mark-Houwink-Sakurada plots of SBKP (branched structure) and HBKP (linear strucute).
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7-4 F&¥

oy T &R LT SECIMALLS JIEZAT 5 & #xt 'm0 F'&AAIEIT TR, 2
TH A= array NpbEg T OEKRT COBRMIREBIZOWTORAREREELZ L
NTE D, RIS, KSEEHIED>S & Mark-Houwink-Sakurada =4 FU N E 25 D 2y -1 4 i
T2 LN TED, L, ZOXDITHEET TOESF D53 HEIE I LRI EHGELO R
HIEIC X DM R FET UMM T2 Z LR TE R, 207D, BESCERENEVED
WEBIZLVERIIS OB L TORWREIZREL, fo7cfila LTLEI> RN L H DT
W, BIRRMEREZEICH WS Z L IFEETH 5,

4 [rl, SEC/MALLS/ViscoStar # HNTHEEE &y FBEZFIRFICHET 5 Z Lick b, 'rm
— AR ELD 1% LICI/DMAC 1A% ® Mark-Houwink-Sakurada 7"~ b % S22 5 EBEER S
D EMHRT, 2 DORLRDFEOREGE (FEDUBGEL & MERE) kv Bonitt
i — ZAFREL OV T O FREERNTRERIT—E L7z 2 LD, 2 OREITIEDORER
I3 FREEDEWVWEZIELBHL TS EART I ENTES, 1% LICIIDMAC F1C7 ¥
VI NIREHT v F baf RO B L a— ZREOEAAKE L, [4] = 0.08 MW7 (cmdg) &
720 ZORRIT, BHOSEEDCEEL L AERIEN RO =X N T ET— O
DMAC &% [n] = 0.0264 M2 (cmilg) LUl TH Y . KAEZ DMAC LV EkiETH D 1%
LICUIDMAC DB RENZ L b ZURFERTH D, o, afE0.75 1T r—R LT —
ARV TET— MIBEERFTTT7 VR TAREHT X LR THLEEZRL TS 2 o
O bR, ARIEMMNSFEH Lz re —23 kO 1% LiICI/IDMAC ¥R O
Mark-Houwink-Sakurada 3% CTb %,

rm— 2B OW T T L DT I IR O — RIEIC K DR EREN BRI BRI,
[F] UJRCBR D FHER U 7230k 722 & D43 Sl 2 A B Il 3 2121, v 2 a3k
%o £l HBKP 07 7 U T —R %D L 5 ICHET v &4 Ao VROBrm— 2
BFCohivu, A UREEZAWTM AR LB L TH RV, L, $HEEBREIO L5127
N o F UGN B HEE TR, BT X Ao VR ERI TR E AW T TRAR
B, OTEEERT 52 EIFEZY TIEARWEB X b, DEAEEO FREMEN & 2 S H
RDOFBFD 53 B2 A EVE TR 25513, DIEEEIC L 2B L BETOLENRD D,
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BOE WIE

B E VMR L C SECIMALLS 74T 21T 5 2 & T, @1 Okaxt oy B0 T BEoAm 720
THRL, avr 74 A—var7ay b EGFORKRT TOH RSO fEIRBIC BT 2
B TMEIOFEMREREGH I LN TED, AR TIIE 2 TR LM@Y | EfEREE
DE N a— AR 2R 5 Z & T SEC/IMALLS T s Th 5 m— A0 dn/de i
Z0131mL/g EIRETDHZ ENTET,

o —20 dnldec BEERRGET HI2H 720 | Bk 7eE5r 1@ dnlde B % 2 D ORNEFIEND
BH LT AT e e—R 28/ L a— AR ARG LT HXFF L T In—%,
7 VT 3 1% LIiCI/IDMAc RO dn/de fEICIXIEEIRIEKGFHER H D Z L RbroT, 2
X DMAC 1T LICl & &5 F DK L OB OB L 26D THY | Zhditie
— AT % Off-Line RIHIE D dn/dc il 73 A ik B THIE 21T 9 SEC/MALLS 73 HT i S 72
WK THDZENHBE L, SHIC, ZOXIRINa—REEKERLETIESFD
dn/dc fE2S R U8 QWL 2 789 2 &%, 245 A% 1% LICI/DMAC H ClA UiAfigtéts <o
HZEmmRLTWD,

FBIETIE, BArr—20FT il LT VT KO NMR JIE 21TV, LiCl A 1
1255 DMAC F Tk 7 MEZ i+ % = & T, &/l m—Z® LICIIDMAc H' T DRk
WO Z T LTz, ZOREER, T _XTOIva—Ra=y hOKEEIEE Lite ClA 4 fH
DHEAFERAPHER S, £ OMHAEERAPEMRREZ TR U, iR D22 E LI RE 2
FFLTWOERKRTHLS Z LN LN T,

%4 BB IX, EDARIEIEIC X DRI Z1T 5 2 & T, Z4LE T 8% LICI/DMAC I[ZIEfiE T
TR THIERERO ALY @fEmltEE L r—2 (Kvere—2X 75 K7+ TF
o —2) KBNS THBLIZDEDOY V= L EBONI B — AR EEAT DAY
N — ZHEOFELOBIRNRE L 720 | fRx koL R — 2B LR e L e — 2k
D SECIMALLS Z3#ridmleE & 7o o 7c, EDORER, Mkt & & o FRAMAER T T <
BB — AR OEERT TOS T REEOREEZH LT 2 ENTE -, 1 TELToEL
B—ADGTETay hRarIZrA—varyay Mi, BHRICEDLT L, 1%
LICIIDMAC F T —R T 7 L XL TIAREHET VA Laf VIR THDH Z E DR LN
olz, LarL, $HEERTRRO BV r — AR B O IO E L &7 vy b —EE T,
arv7xA—varray hboBEEE R L, ZonEEx, BKHs 77 LT
—FEALRE%, Aetle—2X0RTVH U %, HEBRIKGEE bHER S Tnens,
SHER SR T OISV T ORITEMET v Laf VR TH T,

AXR\ 1 — 2D IS IR RN Y 7 = AR Z T RIS T VT
VALERZAT 5 Z LI KV DI E I IR RET 2 2 LN TE 2, THUTEMR L7 DR
TR L ZIERBEOWLBIERCTH 0 . 7k U BRI A INAK DR — LY 7 = U %17
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IMEN BT, T ORHEEBMEAT O4y A E IR > SEC/IMALLS/UV # iR O HlE
RPbELR—R -V V= =T av T URORFREEIC L OEIETH D LT
Do INAR T UMANIENAR—RERS THD Z EITHEBORETHY, 20X D7k
FEADEHER O NFRIBEICTFS L, HEMORmVBIECREMO—RER>TWNDHD T
RNINEBZBILD,

trm—2A=V == Nav s UfEEIE. RMEDBRIZEREND Y 7= — 2 b
D a-T—TNAEETH D MRS, HFT7 =) =AY = THNEZORERIZT LV H Y
ST TLREREN, FH6EmETHRALL T, 7=/ =Y F= B0 TEIT VA ) &t
TCH AT FEEEZR T, ao-=— 7 WY T = U2 GG ITU S D, AMT v 7'H
DWVEIA ERANCINE T CRLEET A Z LIk 7= 7 — AR =i L, i<
T VBT Y 7 = U IZFEORS A RO S AL, B r — A DS EREE N EL 72 D DT
W72V EHERT D LR TE AN, ZHICOWTE LR RAENVLETH D,

JREERI~I B0 —ADERGTTHDH X7 1201E C6H-0H W=, Fva~F o
XV F=v D a-m—T VA OMRITIR, O DJRER kOB — 2 EHT
Tt r—2—U 7= UROLTFREE O EEZ R TRERIIGEONATWDE R, Err—2—1
T2 =%V T DR D REREEITIENEEZ HD,

DX D BBFEOERD 5 TSIV A —EE TRIEFOR#EIL, ~Ikrn—20
7= DV CER TRICE T 220307k E, 2 WIFFRIMFIC L D MEHER 2 & ARk
o FABE T 72 2 RIRE Sy PR OMERERIE 715 T 2

5 7 FIZBW T, SEC/IMALLS (2 HPLC A T A VKGR S8 A A0 IA T, HEEE & 051
B2 FRFFICAIE L., Blo—2/1% LiCI/DMAc A1k D Mark-Houwink-Sakurada 7" 12 v k % 1E
LTz, ZORER, FEOEBELEIC LD EMEEN OB ONTR R EMEEICL VGO
Tn—ZARE O TSR R B L, ZOX I ICERDHESFIETHR URERNIED
Nz Z i, WEOBEFTMERIZIELWNE W) ZEZEANTTND, £2, BEET - F A
R &SR DL a1 — 23Tl 1% LiCI/DMAc H @ Mark-Houwink-Sakurada 7" = » k324
RIS BRI > TV, ZhuE, ' a—2RBOREEE LS - BHEIC IV BT
WD O0SMEI=F L7 I UIRIRICOWVWTHRIL TH D EBEZ DN =T LT I
TR OBHEERIH R OFEHT LICUDMAC H1 & [AIARIZ /IR T 5 AlRetEn & 0 | EERDIR
RSV T LSRR OBHEER L T E R LR E AW T ERARI L, T 5 2 L3S S
REThD,

e 7piskotEL 0 —ARE O T BEIEZA T 7oA BOFERKEREE DD L. —FHF
CEOICRR DV T5E D SECIMALLS 73 Ao lbE o4 24T 5 & % D RSOALEEE I 72
CrbHOFEEHNTLZEHTED (Figure 8-1),
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Figure 8-1 /X)L 75| 7 @ —F % — b

B DO FHEE T L — P —0 X # 72 B K B2 5T LB 2 Z L T& 7
W, EDTD . FOMRHTIZEB W TIIEEIZAT O MENH D, SECIMALLS 73H1IZ £ 2 HEi5r+
Doy FHEYEIRAT TR IS SN TITW D b0, IWE L IEIEEA O dnfde 95 2 BV 7 b
255 Az 72 E O EFUTERMEREZ AW e T UEME S 2R ZE XL CLE S, FERIC, H
EREHCB W T HEEICGH LT ER b2, ARV TIRESEMFLTOTH, &
F LUV T E > T D & SEC/IMALLS HIEITIIA 3720 FArHCRRETH V| IEfEZRH
TERERITAGF B2V, SECIMALLS HIEZAT 5 &, ABCERDOIERRIZEDL LT, iz L
MOERFHINTLE S 72D, HFHNTAEIZ OV TITEEREIZIHE L 22 T e 57w,

B —20 dn/de fE% 0.131mLIg & PRET HITHT- 0, o —RALSNOES 1O dnlde
TEORECHE HIEDKGER & D% DEMITEREIT 72, ZOREE AW TERA etL
17— AFED SEC/MALLS 53T 21T 5 & o0 T ESOslEHRE 72 EORERE RIFE 1T EBEL
TEE —E Uiz, VT EOMO &S TR EHZ B W T HIE LYy dn/de & HV D & [RAR
WABE SN DRERDPEG DA, FHEOROVERDHZEOND Z LIXZOR/ROERBEZXNDIZH
FOEBETHD, K. FEMEROE Lo — ARENDIEAEE TH D LD R
ETHHITOELE =R FIZB O TRARERERCIEd o7, LirL, SEC/IMALLS &
UV B DO AE DRSO RN b n—2R— U = — a4k
BICEDHEREETHH ZENTRENT-, ZDXIT, —ODOHHHIETITMHEHTE 20
FER D MO IR RN O EOFKSCEB A EEZJ 2 LN T 5, Fo, 2O L5 274844
OFERNEONTZHAE, L PRER HIECBO TN RES TW 5, BEN OIS
ENTWD) bV, ZOFRKNZMHTLIFICEIVERITGESI ZENTE S, MHEEKD
Bm— R & TS LT D RIRE DT O S FREE IR SN T RWRNRELH D |
AWIEDE % OREERRITICEB T 5 Z LR TENIEFENTH D,
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