Osaka University Knowledg

RSN AXIRBELEIC L 28K - BIK - DlkEHF

Title giﬁﬂﬁqﬂtcab‘%’aﬁ? e LD FEMBEERDOH
Eah
Author(s) |FE, F|; &, Ui, f8AA, ffic b
Citation |E9FHmXE. 2018, 75(3), p. 254-264

Version Type

AM

URL

https://hdl. handle. net/11094/77676

rights

Note

Osaka University Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

Osaka University




[ B 3]
TS/ XBREELIRS & D RRIR - BRI « 238z 07+ DRI C BT 547
FIERERS X OV WA AR O e

SR, B OTH, BUR BRZ, BRI

*] KR KFER B A0 R & 0 TR IR
(T560—0043 KBJFEHFHAEFHRLITL—1)

¥ (BR) WL U —F & o 7 — B 5e s
(T520—8567 EEERRETRIL3I—3—7)

T HATEAED « FT e« B PMC (BF) TEERFZLAT
(T290—-—0056 TERTERNKXKTEE2—-3—-37)
Running Title: #4R < BRAR - 2 & 50 7 D0 FIEHE & 43 - WA AR

HE

TR DU FEE OHERIZ AL RER D FEBEELE TIEHIE DR EE T & > 72K - Bk
PESRVRIBE DT H IV XFREEELIEIC £ 0 &5 1 A i e & @ ks Sl P E ©
XL Lo TETZ, ZOFEIL, @y FOMIEMEFFICEEIZ 72 5 i) 7y 1 &
DMEWEIRIZ 31T DBRAR « & 0 1 D0 FIERBIR B b EE & E 2 B9, AR
TIIATE OFFERSEM T COMIRE T ORIER & LT, INVWREFPHIZDIZ 5K X
F L ORER, IRIETYH—F7 0 I XLBREZRTRY T Dy TIEREL /1
FAEEHOREZL, L TrAr o —HJEIZHE LA A R & OBk ER A
2B T DD TIEOREICOWT, TOFEEITHENT D, ST, %F
DOIEFRIRBEHOF] & L CTHIE 22 BRIRZHEFHEIR, BIVEH, € L CHiEMEL om0+
EIFE — HRIRRTF NEA RO T IRREDREIZONWTE LD D,




1 LT

WIRPINZEB T D &7 O o FIESS T AEER 2 /Rt 3 5 HiEo—o L L
TEMIZIC X DFIHELEN R T b D, FICE D TR TFOREIZAEN, ZOFiE
DAV DIXEICA PR EZ IR E T HRBENETH -2 D, 7272 LD
FD 120 282 72 0 AU EHEERORE N TE W2, HIRRIIZ IR A XD
RERmm . b b IEME RS OPERRAETE D IO IR EEH D 73 T TERE DS I E
®GLleoTz,

WA, B R B ACFIE ORISR SRIRBHUIIMT & BRIREIO I 8H 72 & DR o+
EREBICHIE L TR T D2 ENTEDLHIIToTz, LL. INHDOESFIEHE
— T EOHBIKELY ba X7 FpEEERFF>Z &, £ LT, REELREICE A
HIEEEWOTEOREZAKRT D 2 ENREETH L Z LSV, T eBEL IR
GBS 2 VI Z ORAL, KON 6ICE L A HERO ATESEOWIL, £ LT
HIHDOEEE R ZT D,

B2 IR & LT @ oy TR O /A XL (SAXS) {EIX. £ O@mWIEE D72
B, HEEEICICE E 72 X2 A EE T A REERE O D10, #EL~2 v ofExt
i g OFRWEEIRE THIENTE D720, Mo O A Xm0 FRIMHAEHANG R
TSI A M E CRIFFICE 2 Z 2N T& 52, H2, Rl a0t 2
ZUF 70, EBIITETOEFEGEN/NE W=D, FBEGELIEIIZHWS Z Lo TE RN
BER1-2 mmOFy TV —%2B/IRIRTHZ L HAEERY, DETOWE,
Z L CREZGRIENED 2D, 22T, ZhHDOREEENL TITo 72, B
ELIE AN EE L MRS SRS PR VA A TP B8 2 BRIk E 0 1 D 4 TR BE - 43 1A ELAEH
DWFFEIZ DV THAT L BRI PS5 @0 T ORI EE & L TORREHE/ N
XA BELEOFEIZHOW TR T 5 & 22, MIE AR BRIk - SIS 2 om s 1. ©
LT, B TEAEROERTICE T DEEREIZOWTHRET 5,

2 JAVRE#BEICB T 2BERT ORRE S T OH TR L 4 TRIHEEER

& T DA R IRME D 2% ATAKLCIHHAE A Z MW CTiThiu T2 Y, BAl
H ROV INHDOFEIF-100 CUTOHDHEE L 2, WKFIZBIT @m0 10
DT EREIXIABOBGER) DL IR 21T 5720, —RICIEEIC X > T 5, Kk
BELEZHWEESFOa R A— g OFRITERMTU ETIE%L<1T7hbn T
W5 HOD MRIE TIEE S FOREZEE) Y07 UL VOMER A S b DIz E 8 F
%o mFGEEE7RIREEE S M E L 22 D EA R EE S IRIE COREICITRALRH Y | Fx
DT N—TDHEF TH27°CETTHDH), ZITE, B TFOIVFA—T a3y
IR D LS HNWENTE LRI ZAF L £ L TEHD oZITHED < AR
ZHH, FOEHOA L ARA—Ta UERKBL TS EB Z BT D ERIMNRINEEE)
WCHERY—F 70 I XLDBHDLVTIIVX AR T VO FIERER X OV 11
MAELEADOREZEIZON TR IZERICONTE LD D,



2-1 JEWBRERDLED My, 2—TH ) UHORY AF LU O TFREE ST
M AEEM 10

WY AT L ALE D T AR E DML R b 5 L@ FO—2ThH Y | [H
R MERE L E T L MR LR A ABTH D EH W o a vk A —v a VT, 8
R DML D T2 DPEBRIBFEN IR DML V% 5D T < OWFREHIN & 5, el Js T
B 7255 FTEHE & MIEM: % SO B HME L CoDIRERTEMEIC W TIE, PERR AT 3
EWET B 720, Hix Tl —FIREE RO — X REEPIC BT D EAEREE AV TC,
Z OREARAFYED e S VTV D D) S FINEERR AT R S E BRI CE D
EBEEER DAL ST DI, REEFIZEWTY CoDIRERFNIEL B F T
LD IEREICAED D Z LN TED X D127 | B—DEAIFIZRT 5 Rkt o
FEEALIZOWTHIE I TWD 19, 7272 L Z OIREHPH L. eIl 7= X 9 IZ=IE.
KOENLL EIZIR STV, £ 2T, RS TIED FINEERRIETESN IR D & 503D 72
<, ZOIFEELDY | T72DD Cor IEMIZHIED 272012, kA FEMEL
DFESABRONA Y AF Lo 2 B (PS22K, PS39K, BEE VT /VEE Myv=21.8
kg mol™', 38.8kgmol', P=1.02) @~ (FE-95°C) &K, T LT2-7 X%/
> (MEK, f@l#i-86 °C) TAHIZOWT=77 °C /25 70 °C DJIEVVRFEFPHIZ 7= - T,
WL OO R D E S FEERE ¢ ZROWIRIZOWNT SAXS HIEE{T-7T, 7272
L. Pl My EECPYENVEE My EDLETH D, ZHHDON, 5 FEOKV PS22K
D MV =TT °C 2B T B FEHRA Zimm 7' > b (Berry 7’12 v k) % Figure 1
T, KW, Al X @5 TRy OIRFIRGELIRE 2 RS, @orRECLoT, +4
(IR EARGEIR AN 22 DAL, IEMEICATE 0 IZAMETE TRV | z- ¥ FmliE (),
INIEMEICIRETE HZ L, £ LT, Gone “HIAMEE L Mo DEETEKE AED
LI oTEECY T IR A2 3R E D Z LD, Figure 2b IR X 91T 42
DIRERFENTEA RO N N LD BRI THRE STV D0 +NPERR
HBHEDEOFG (MHEERRE ) 2T X COREICEOFE E#EMA LT, EEEHD
FHRPERZ RO, S BIZENE AT HITKTT 5 Benoit-Doty D= 17
(2):&&—422+4;L—8£h}@remu—zu4] =
IZRATDHZ LICL > TKuhn Ot 7 A MREATZ RS-z, 7272 Loy & & 8
DORREE L OHBIEBIIIEROEEZZFDOE LMW, B2 LEEESRD
Co% Figure 2¢ (2”7, BRAIZKFOT —F D E dIn Co /AT 1F dIn A7/ dT 125
L, b o In Cotp MR MICHE - TEAIIINL . €OMHE (dInC./dT
=-1.0 x 107 K™") 3@ DWW Tl STV D EIZEV P90 L, MEK
FClL 0 CLLETIREEIZH L TIEOEE 2252 L35, Munk b O 3FERE—
FLHIZBT D CallMLOBEHITIZHART/hS W Z LIFEAT OB VA= VL R
Y UBROBOMABERICER TS 2 FHEL, Mays b DOy —F SICBI 5 EA




FERET — 2 8 ZAUSHIE L7220 A ARAFGEOfERIZZ DM AEERANREIC X - TE(
THZEERLTWD,
25 PS22K in Toluene at —77°C

o
=]

—
h

[c/AI(q)] 12 (gh’Z Cm‘S.’Z)

-0.1 0 0.1 0.2 0.3 0.4
g’ (nm™*) - 2¢ (g em™)
Figure 1. Anexample of SAXS data at low temperature: Berry plots for a polystyrene sample

PS22K (M = 21.8 kg mol ™) in toluene at =77 °C.!?
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Figure 2. Temperature dependence of (a) the z-average mean-square radius of gyration <5?>,

and (b) the second virial coefficient 4> for two polystyrene samples, PS39K (Mw = 38.8 kg
mol !, circles) and PS22K (triangles) in toluene (unfilled symbols) and in 2-butanone (MEK,
filled symbols). (c¢) Temperature dependence of the natural logarithms of the characteristic
ratio Cs for PS in toluene (unfilled circles) and in MEK (filled circles).!?



222 EBETH—F7u0IXLZR/RTOTAIARY T o OhFRELE S FEE
AAEROIREE Y

R 27 ATZEOTFEHHO o LB O WIS T ERIMEIC A BV D, 2 OIS
XFEEHEEN T D7 A BRFOREIKFET D, FEERE, FHOa A A—va 8
SR AT S JVIZERVAHBA RN $ % 2 E NI DAL TUWN D 202D T e [T el T ik & 72164
EHLORY T DA ERIBRKIEEIC IS 1T D E VRN E B ana OO BIFRITEIR
FHETUTORTH2Y LK HBELTE L2 L2 LT LT 2,

-1 -1 -0.813 NS
) :(2ooogmm( -00432) (nm HLAT) )

)5, W OO YT NFILRY T i AZ1F-30°C LU T OIKIE TEHRARIN O Y—F 7
2 X ALAPBHIS I, F Danx HIREE & LIZRBICELT D H O HE I N T
% B EH My D (~10°gmol ™) R U T A ONWTORELER LY, Y—
F7 1 I ALIREATT TRE T BECFE O BELRE D AN LN D Z &2
WE S ), — I EHEESFEEIRE (UCST) 262K/ T, mmFO MWk T
(o THABHEEME T2 2 SIZER L, My ORI 72 3 FEOKRY 5
#REF (PSi-1-31k, PSi-2-64K . PSi-3-84k) O 7 IR IZ DU T SAXS HI7E %47 - 7= (Figure
3\ bFEE AR, JIE L7 IRE# CEARR M BECHE 22 S8l S 1
ol BB D&% O 2 HiOBEIL My (kg mol™ HLAL) (ZXHIST %, Figure3a (2
&max. Figure 3b (2 Ao DIREIKGMEZTRT, UV AT MRS E Y BFICTREICLS
72U PSi-1-31k D A> 2N EIREFPHN TIERIE —E TH D DK L, —60 °C T THIX
R B DS IR TTIRAE T D D3 emax (VTP 72 AL D F 5 10720 PSI-2-64k, & L T—40°C
LR Cémax DNAIICHRT 5 PSi-3-84k (ZOWTlE, D SHF TIREDIKETIC
PR A AP L TADEIZR D Z Enbnd, £72 My ¥ 200kgmol ' & 1200
kg mol ™! @ PSi-3 FEHZ DWW TR I DA BEASER/INME X BRHGELINE X 0 s
iz, )7, Figure 3¢ \ZRT(SH, (ZIXBERE 70 il B 2 LIXBII S 72w, X O
K2 2N Cana MOFTEINDATZH T ITRALTHEOLND(SHE, & L TERK
IXFEBRICAF DAL A2 & EEEGR DE WO FNHEREIEDIR O F 5 2B &
L7 EME AR T, WO HEMENERMEZ 12T EEMICHBT 5 DITKF L,
UV A7 MVOESREEE LT CIEEBRMEISGFREME RESEHEL TWD 2 &b
%o 1DODORKE LT 42 DNADHER TORERERIZERN T 2 RFED 2 ENTE 2
W EDZET B DA, PSi-2 O(SHOEREMEIEM TFHEML Y b/hanZ & 235
ETHE, =/ I XLEBEEL T TCOR) T oDaryiA—varb UV
W & OEIRIFMLT L 2 IZITED R W2 EnNbinD,



10° 1 10" £
(a) (b psiq & E ()

- — N F oR00r 00,00
- 0l oPF-Orgo—o—o@ o
s B T/ﬁ _ PSi-2 -Sl-_CH Tf-\ o .
st ol A A VA S HEsl- R <10'E
—.'Q g A g E A "‘—lﬁw B Wy W U _: N‘S’
-~ ol Rad ol — - =
WE IO . N A 0L = - ]
= = 2. b e 1
e < <7 Lo 4 Y
5 — 1~ Psi3 & —-1 10 oA —10
) -M < nd N, - . POo Vet a0
| | U | | | | 1o Lt I |
-1000 =50 0 50 2100 -50 0 50 100 2100 -50 0
T(C) T(TC) T(C)

Figure 3. (a) Temperature dependence of the molar extinction coefficient emax at the peak for
PSi-1-31k (Mw = 31 kg mol ™!, circles), PSi-2-64k (M. = 64 kg mol™!, triangles), and PSi-3-
84k (M, = 84 kg mol™!, squares) in isooctane. (b) Temperature dependence of 4. Their
chemical structures are illustrated in the figure. (¢) Comparison between experimental (large
symbols) and calculated (small symbols) radius of gyration. Small filled and unfilled circles
denote the calculated values with or without the intramolecular excluded volume effects by
means of the QTP theory. Reprinted from ref 19), Copyright (2015), with permission from

Elsevier.
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Figure 4. Reduced Holtzer plots for (a) cellulose (Cell38K and Cell37K) in BmimCl, (b)
amylose (ESA90K and ESA50K) in BmimCl, and (¢) ATEC (ATEC150K and ATEC10K) in

BmimCl at 25 °C. Solid and dashed curves indicate the theoretical values for the touched bead

wormlike chain and the touched bead rigid rod, respectively. Red and blue curves in panel (a)
correspond to P = 1.6 and P = 1, respectively. Reprinted with permission from ref 26).
Copyright (2017) American Chemical Society.
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Figure 5. (a) Schematic representation of the origin of the chain stiffness of amylose
carbamates investigated. Reprinted from ref 38), Copyright (2018), with permission from
Elsevier . (b) AFM images for a cADMPC sample on a mica surface. Reprinted with permission
from ref. 37). Copyright (2017) American Chemical Society. (¢) Schematic representation of
bending helical structure. Reprinted from ref 38), Copyright (2018), with permission from
Elsevier.
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Figure 6. (a) Comparison between the experimental P(q) data (unfilled circles) and the
theoretical values for the indicated cATBC samples in 2-propanol (2PrOH) at 35 °C.  Dashed,
solid, and dot-dashed curves are the simulation values for the wormlike ring model with the
dispersity index P = 1.00, 1.05, and 1.20, respectively. The double-dot-dashed black curve
represents the theoretical values for the rigid ring (P = 1.2). The ordinate values are shifted
by A for clarity.*® (b) Plots of /ring/hlinear against Nk tincar for cATPC (circles), cATBC (triangles),
cADMPC (squares), and cATODC (inverted triangles). Unfilled circles (in 1,4-dixane and 2-
ethoxyethanol) and filled circles (in methyl acetate, ethyl acetate, and 4-methyl-2-pentanone).
(c) Double logarithmic plots of Nk ring against Nk linear for cATPC (circles), cATBC (triangles),
cADMPC (squares), and cATODC (inverted triangles).>*3® A solid line, Nk ring = NK lincar.
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Figure 7. (a) Temperature dependence of the helix content F (solid line) and the radius of
gyration (S?)!/? (circles) in 200 mM NaCl, 20 mM Tris-HCI pH 7.0 (b) Schematic representation
of the two conformations. Reprinted with permission from ref 55). Copyright (2015) American

Chemical Society.
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Figure 8. Reduced Holtzer plots for the indicated A3PQX samples in THF at 25 °C. Solid

and dashed blue curves denote the theoretical values for the rigid Psr(g) and wormlike Psw(q)



broken star, respectively, with the parameters written in the text. The dot-dashed red curves
represent the theoretical values of the fixed star Prix(q). The ordinate values are shifted by 4
for clarity. Reprinted with permission from ref 59) Copyright (2017) American Chemical
Society.
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Recent developments of synchrotron-radiation small-angle X-ray scattering (SAXS)
measurements for dilute polymer solution make it possible to determine dimensional properties
and intermolecular interactions quantitatively even in common organic solvents at very low
temperatures, and in viscous solvents. This paper reports these characteristics for polystyrene
in two solvents at a wide temperature range, molecular conformation and intermolecular
interactions for thermochromic polysilanes, and conformational properties of polysaccharides
in high viscous solvents including an ionic liquid. This method can also be applied to
solutions of cyclic and branched polymers with relatively low molar mass, and we describe
dilute solution properties of rigid cyclic polysaccharide derivatives, semiflexible and rigid star

polymers, and comb-like complexes of polyelectrolytes, and rigid helical polypeptides.
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