(®)
2013 2015

Fundamental study on dynamics of hydration and structural transition of polymers in
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The effects of hydration, especially hydrophobic hydration, on the phase
behaviors of temperature-responsive polymers as a model system for the mechanism of protein foldings have
been investigated from both experimental and theoretical points of view. We showed that the v (C-D) bands
of the polymers possessing deuterated alkyl groups at specific site exhibit red shifts on the phase
separation and that the changes in hydrogen bonding to the ester and the alkyl groups are important to
the shifts. We revealed the effects of copolymer and solvent compositions on five thermodynamic
parameters such as AV and A S by analyzing temperature-pressure phase diagrams of various polymers.
Tip-enhanced Raman spectrometers exhibiting special resolution beyond diffraction limit have also be
prepared from atomic force microscopes and Raman spectrometers to investigate hydration of polymer chains
in nano spaces.



B X C—19, F—19,
WFZEB AR S F DY =

&/A? BOE Ty E ARGy IE. B
MEEI D% < ORIE TE OEIZE SV E
JECEHARSREZRBLL TRV, fkZzo X
) IR & DO EYE - ALFO BT
%?5:&@%%%?/Aﬁ%®ﬁ%@ﬁ%
D—DNZ /> TW5b, ZDDITiE, BT
%ém&%h%@mA%®W®WEW% H
DNEIARFIDN Gy OREEIZ KIE TR =5
2D ENRAIRTHD, X XIBEOEIKR
ISR OBREN ) & LT, KBEREACHEM
HAERHAZZT A2 Z LR TE 23, B/KMAEA
YEH & 5 B KD & B2 7 5 2 Je 7z
LTCwWa,

BNy R ORISR OBFE & AT 5 7=
OOETNHRE LT, BEISEESED O
TERREEEENEEEZED TND, 20
Z T, FNFNOESFIZEA RIGBIEE
ZEC LT 2B e KFRIED B LR 5| & & &

RoT, B FHOa L T+ A— 3 Ak
ﬁi D, FWTEESREL A XYY

TRTEREEALE Z 5 (K 1a), IR & W o il fE)
Lt <, HEmMITHRWS W RTF A —F DI
fLaRE LTk b EROREE 21k &
570, ORI « PR AE
WEITHODICELTWD, Ll @5 FHE
& & B IR O BRSO IR (29 2 iR N
MO RR L, HMARAFEETT L, BEHRMIZ
ﬁ%f%fnﬁvw#ﬁ%f&éo_niu
& ZNTE T DORFDFE T ICHfFE T E T
WZ LIk B, ZOBGITx L CEKEAKR
NEEREREZR-L TS EEZ LT
DN, FDORBIZOWTIEEm O R FIZh D,
Frank & Evans D% (1945 4F) 123D B
KEBDJE W 121 iceberg structure & FEIE L 5 1
ELESNTAABRHEETDHEBZ LN TE T
DU, TV VN 5T D Kk FEREA
T7bH C-H--0 ITL > TEINDKERE
DIFEDNGER S, TS Wz AKfnET
ANBREREIND L5720 BRKMEKFIOH
ETR B/ > T& 72, O-H...0 ®° N-H...0
7o EOiEE OKFREEITE VT X-H HfEiEE
N RPMEE S ~D 7 ~ (red shift) 5
D LIEIZ, C-H...0 KFEEETIL C-H i
REN N F(V(CH) @& Em -~y 7 K
(blue shift) T 3D TH D, EBRICZ

T E TICAHE %#%ﬁbt#mf@mA
FITBWTAKRFNAE D v(C-H)D @ 7 K
DRI TS, BlzIX, RVE=1LAF
N —7 )L (PVME) D A F /L £ O iR B 1%
FAAYBEDSEE Z HBEOMKFIC LY 20 cm™ (T
BLSEEE 7 N OKfnd 5 & @mgshs ~
K ZaRd, £, BAHEFEFHREICK DK
ETNTE, =TT NVBREBICKFRBEENLRLD
NHDITMZ T, ZOKICHEE LIZFE 0K
531 C-H JE L KEREARRDOM AERZ L T

Z—19 (dum

)

WHDORRDHND (K 1b), ZidDfRER

L7 72 BUK MK T D /RT3 A BZHESNT,

m”%*%@@ﬁ%?ﬁ%%ﬁ;@ﬂﬁﬁ#
WVENHDHZ L ERLTVD,

T<LCST
X 1 (a) BESEERSFOHEERE, (b) C-H...0
KFEREE

T>LCST

2. WMEOEH

(1) @B ONLE R A 227K FD - B K FniE FR
DA %m@ﬁ%%ﬂﬂ%T%@Ltm“
FE T AR SR K0 A7 8 R ST
KFD  BAKFIDE A F 7 A&fFIAT D,
(DMM@Mﬁ%ﬁzﬁ&%Lﬂ%@W%wm
B IREV D ORE E B EFEHEIC L m T
DOIKFIRAE, FFIZ C-H-- me%éné?w
X EIKEDHAERZRIT L, 0%k
kﬁ%@é@k@%%%%%ﬁ W29 %,

(3) T/ ZE R E X D iy T8 D KT
fiEHT A%ﬁfz—btt%ﬁ L—¥NE
W22 LTSN EHT 7 XAELD
T~ UEUELEE TR R LR R AR T 5
LT, %*QA%%®77/XA7%N®
RIEZATREIC L, KOS AT 5,
@)mﬁ%fw&m%%ﬁ i DAL AR &
BKIL 2 FF om0 DKFIET VRS L,
mﬂ%m%ﬁ@m%%ﬁ%% > 1 MFE AR
IS BERIC L VT 5,

3. WMEDHIE
(1) [RINLAR T~V B = 53 1 D K Fn o>
fiE T

BOKMHEAKRFIOARBEZH N T 5720
@ﬁ@wcmA/b@&ﬁk%f%E% M
ETHMEND DM, T8 EEICFET D
Bied CH RO —27RERVHH DI
il 2 WM 5 DIXE S Tld7ev, £ 2T,
HKFERE LR ~—%2A/A L, v(C-H)N
> K (2800-3100 cm™) &v (C-D)/3> F(2100
- 2400 cm™) & 4Bl L CREHT L 72 (X 2),

%C‘:H*CHAT‘ fen-cnzt:
= c=0
O |
HZ\*COCD
CH2 - CH;C-C-O-CD.
N S
ch, H H

X 2 BEARZ ~NREGENR ST OBIE
1: poly(acryloyl-L-proline methyl-d; ester)
2: poly(acryloyl-L-alanine methyl-d; ester)

(2) T-P FHEI ORI E & fifbir



BEISEER S T OMBBEO X7 X 3%
X =2 AG IXIRE (T) &JE (p) OB
¥ (AAG=-ASAT+AVdP) Th 5, mEL /L
(M 3) #H\TEAZHELT T-P HK%E
YERR L. Hawley D8 FIRFRX € 7 A HS 0
THRNT 24T > TR R T A —4 (IRFEZAL
AVy, =¥ huE—E{LAS, FEHERE{bAq,
MR AL, EEBREZAC,) &R T,

sapphire window

thermobath

kerosene
(pressuriziny g medium)

3 BWREAMEROREERLV

() RHA Ly 7 m—ZiE (ST-IR) Dk
VE LM X A F 2 7 A DfRNT
BRI (ATR) HIEREESE ARy 7 b
71— E A A D CHIRAMEIR O I E
NARER B L2 IE LT (X 4), BEISEM
BT OKEREEEBEA Ny h7a—
EECAMITRA LT, Wik E Y
SHELZETHIEBRLZHEL, RIAA~T B
IV DORER R E 21T > 72,

B 4 BESHEIR T < L A HIEDRER L 3tE LTS

(4) BEEHYTR T ~ o e R (AFM-Raman)
DFRME

WO INGEIR D B 4y F D KT DFRAT 24T 9 1=
IR AT EE (AFM) & T~ 0%
G A A Y T EE 2R IE LT, AFM®D
PRI DO EMIC R E LT I3 oI
BEINDIEH T 7 AENTT < VHBELD
MR LT R e BB S 5, Ril
T RXE DRI EmEETHY, T~
VHGELYE D SR E X100 B AF R E I F T X
Na7=0, L—VEBNIEWFEHICHTZ> T
Th, BIEBEIND T~ U HELE D KER Iy 1348
B O T BWFEIFA N G R Sz b o
ThoHl=o, BRI A % 5 25 55 fifhE
EKHLTED (X5

objective

laser beam
cantilever

__ surface
~—  plasmon

X 5 BREHER T < > HIEO B L RE L TCEE

4. WFIERRR
(1) RMLAR T VAR BE S BV & 50 F DK Rl D
fi AT

7alrBLOT 7= OEAKFELATF IV
TATNANLIREISENES D FTh D
poly(acryloyl-L-proline methyl-d; ester,
PAProMds) & poly(acryloyl-L-alanine methyl-d;
ester, PAAlaMd;) Z#53E L, H,0 £7212 D,O
TIREZZLSERNLRIABLIRNT v A
A7 RV EBIE LTz, 2050~2200cm™ (xR
V(C-D)/N > RS LA & 56 #iv(C-D) /3> K732
ABEE I, RIBBEE CENE IR
7 hyoZenmER SN (K 6), SHIZ,
B REULB R ERGR  (DFT) & W D IRENIRAT 12
X0, AT NVHEADKFERA E CH...O K
FREG O Z DR 7 b ~DF5-& RREE L
7o

3000 2900 2200 2100

wavenumber (cm’l)

B 6 BRI~V (F) BLUOEIT~L (F)
poly(acryloyl-L-proline methyl ester)®(a)D,O F1 D
TREIARZ PV & (D) EBBFRERRS bV

(2) T-P X DI 7E & fift kT

L SRR US AL AL S AR R RS BL T M T
TRAZBMT D7D, RYN-EHET 7Y
AT R, RYNN-"EERT 7 VLT I R),
BLOENL OILESRDIRE R LOENIG
M % KR R TR R G B I TR T SRR IR
HrU7co AHACEEDS 101 D & ZITERRIREE (T))
NRIKICRD2ZERMBN T WD
N-isopropylacrylamide (NiPAmM) &
N,N-diethylacrylamide (dEA) @ it & & &

(P(NIiPAM-dEA)) % fifghr LT, AV & AS Dt
KB Z O TR/MNZ 72 % Z & 2 BRI
L7z (K7, £72, Tva—KIRATEBE S
THIE L7z T-P AL T L2 — L O BUKPED
WA L2 - T, FEHOERHE L, mEH



W27 b L7e, AVICH LTRGBS 07 v
FNVEOSRNEETH D Z ENHLNIAR

ST,

- (4]

w
211
-AS, AGH(10%K ™

AV/AG (10%emcal™y

L8]

1 1 1 1
0 02 04 06 08 1

] I I 1
0O 02 04 06 08
g4 *dE4

dEAE EIR7FH

) HAA Ny 7 F 7 m—IdEE (ST-IR) DR
VEEABERRE X A T 2 7 A DRI

PNiPAM X 7 & 7 )L 43 BRI 12 NaCl K i <2
TV a— VKIEEEIRSG L CHER 2 FHIE
LT, WC-H), 7T K, =AF /L, =—T )L
v R OB E T LT,

(4) BEEHYTR T ~ e R (AFM-Raman)
DME

BN SIS 2 BRodEAERIEL,
IESZR AFM-Raman 25 135 i U ERT R o &
H 70— 7 HEMEE (SPM-9700) % N— A,
ABtE I L TR EFICHm L v X a2 E <
A FANLIF—2 a3 O FRiESE L, &
Bl ot T 2% v v X0 el o £ R A 4
HTE5E51L72 (48,9, bkl (532nm
@ Nd-YAG L —H FE721% 633nm @ He-Ne L
—F) XA v I T7—TCRHIHET
EEBER Y L > X% L CHEEH Lo
AEHZ RS L, ALY Z2 R Ukt L o X T
L THEA I/l v I IT7—LuarTRA
T4NE—F@LTL—U—NEBRELE

BIC, T 7 A N—ZB L THNRITEAL,

HAL-mEA CCD Mi# TRt 2k & L
776

X 8 IES7# AFM-Raman 3EE DR

P

& 9 EEZE AFM-Raman EEBDOEE

#1377 AFM-Raman 3% {& 3 Thorlabs -5l
AFM (TKAFM) ZX—2|z, RBHEO T
WXL XEBELS AR PLAAL VI F—T g
YOYFRE & L. (K10, 11)

TKAFM
(Thorlabs)

Probe

Sample

" detezh - piezo
LABRAM 1B 5 ! stage
(Horiba JY) 5 monochro- %—
‘ o meter Objective
. =

camera wlty
edge

§ filter

TE300
3 .
g : e (ikon)

N :
mirror N / mirror /
10 37 % AFM-Raman 3 & DRERK,

2 11 A2 AFM-

To—T7HEEEO YT AT — TRk A
EBELERLRYL v XTI~ a1
HZ ET, AFM B E2 1T 2[R UALE T, W
TI 7 DEMSFEERTD T~ AT K
NDO<y B TRIEEITH 2 ENAREIZR >
72 (®12), 51z, #3728 AFM-Raman 3 &
TIXEMAEE U= RIEH 2 W5 2 & TRy
FIERBEDOREHEIR T ~ v A7 ML EJIET
HENTERE (K 13), F7/2, EAE
AFM-Raman & TlX, & 72138 7L —
b EoE s FRBHI A IR TIERR L 72
Vet 2 Ear S, F Il —Wea Ry,
ZORRIZE SN D RET T XE DR
RTT~v U BELEZ R (X v > 7)) St
HZ LT, AT MUVERIET A ENTX
7.

gk, REtEEET L L BT
C-H ifg o R EDSrED T~ N KD



RS LD T~ VEELA A — U R BIHIT
5T LNTXDEEEEY T A RO T AR
WA N—RZ L TN KRR T gL E— L
WHICCD 7 A7 EZHWTRAIEL =,

M 12 EOFHEIFD I <<y L FHIED0X
10 pm)

I tip on 2 . T ‘
i Wa tip on
| W P /
= /f e Y
E 1
/, tip off / \ /
- - \./ tlp off

4000 3000 2000 1000 i 3 3

Raman shift (cm"}
13 (@) WY A&7 YV NVEREREOREHER T <
AR Fv, (b) BREtEEAIR & Rk OIREZE(L

5. FreREinLE

UdEREamsC) (Ft 10 )

(@D Direct Radical Polymerization of Vinyl
Ethers: Reversible Addition—Fragmentation Chain
Transfer Polymerization of Hydroxy-Functional
Vinyl Ethers, Shinji Sugihara, Yuki Kawamoto,
Yasushi Maeda Macromolecules, 2016, 49 (5),
1563-1574, #Ht

DOI: 10.1021/acs.macromol.6b00145

@ In situ nano-objects via RAFT agueous
dispersion polymerization of 2-methoxyethyl

acrylate using poly(ethylene oxide)
macromolecular chain transfer agent as steric
stabilizer, Sugihara, Shinji; Ma'Radzi, Akmal
Hadi; Ida, Shota; Irie, Satoshi; Kikukawa,
Takamaru; Maeda, Yasushi Polymer, 2015,
76,17-24 , Hiil
DOI:10.1016/j.polymer.2015.08.051

@  HCI-Et,0O-Catalyzed Metal-Free RAFT

Cationic Polymerization: One-Pot Transformation
from Metal-Free Living Cationic Polymerization

to RAFT Radical Polymerization, Sugihara,
Shinji; Konegawa, Naoto; Maeda, Yasushi

Macromolecules, 2015, 48 (15), 5120-5131, # 5t
A, DOI:10.1021/acs.macromol.5b01071

@ Synthesis of thermoresponsive block and graft
copolymers via the combination of living cationic
polymerization and RAFT polymerization using a
vinyl ether-type RAFT agent, A. H. Ma'Radzi, S.

Sugihara, S. Miura, N. Konegawa, Y.Maeda,
Polymer, 2014, 55, 1920-1930, #t&¢
DOI:10.1016/j.polymer.2014.02.053

® Synthesis of polyvinyl alcohol stereoblock
copolymer via the combination of living cationic
polymerization and RAFT/MADIX
polymerization using xanthate with vinyl ether
moiety, A. H. Ma’Radzi, S. Sugihara, T. Toida,
Y.Maeda, Polymer, 2014, 55, 5332-5345, % i
DOI:10.1016/j.polymer.2014.08.037

® Infrared Spectroscopic Study on LCST
Behavior ~ of  Poly(N,N-bis(2-methoxyethyl)
acrylamide), Hidaka, T.; Sugihara, S.; Maeda Y.
Eur. Polym. J. 2013, 49, 675-681, &t A
DOI:10.1016/j.eurpolym;j.2013.01.002

(@ Thermochromic Microgels and Core-Shell
Microgels Based on Fluorescence Resonance
Energy Transfer, Okada, K.; Maeda, Y. J. Appl.
Polym. Sci. 2013, 130, 201-205, ##¢

doi: 10.1002/app.39161

Infrared Spectroscopic Study on Hydration
and Chiral Interaction of Temperature-Responsive
Polymer with L-Proline Moieties, Hirano, T.;
Sugihara, S.; Maeda, Y. J. Phys. Chem. B 2013,
117, 163556-16362, T

DOI: 10.1021/jp409631s

@ Effect of composition and stereoregularity on
phase-transition behavior of aqueous
N-ethylacrylamide/N-n-propylacrylamide

copolymer solutions, Hirano, T.; Ono, A,
Yamamoto, H.; Mori, T.; Maeda, Y.; Oshimura,
M.; Ute, K. Polymer, 2013, 54, 5601-5608, 27t
A, doi:10.1016/j.polymer.2013.08.006

Synthesis of dual thermoresponsive ABA
triblock copolymers by both living cationic vinyl
polymerization and RAFT polymerization using a
dicarboxylic RAFT agent, Sugihara, S.; Iwata, K.
Miura, S.; Akmal Hadi Ma'Radzi; Maeda Y.
Polymer, 2013, 54, 1043-1052, #&if
DOI:10.1016/j.polymer.2012.12.039

(Fa3E) (Gt 29 ﬁ:)

) ﬁﬁfﬁwv/ PIIEIT K B Ay iR
DFREHT HIJEH N /NN E AT F/A - K2
G, 5 46 BlE ) 1itime. 2015.9.17,

ﬁiﬂﬁi’? ( e IlA)

@ N-E#7 7 V7 I F—NN-"@#7 7
YT X RICEGWIEEROMRE « FEIENE

OfFEFT. Il plEE - BilHE & - IR iR, F
46[0] 5 4y Fatise. 2015.9.17, Hdb Kk (u
- Al

@ KpAEHE = L= —TFT VEHORAFTES
IR ARG - IR 40 - Bl %8, 54600550
FEfimes. 2015.9.16, FAL K (EHL - 1IH)

@ N-E#T 7 VL7 I & NN-E#T -

N


http://dx.doi.org/10.1016/j.polymer.2013.08.006

VLT 2 ROZFRILEASRO KK P TOIHRE
B JESEME, AN pkSE - B S5 - IR i
16, 5 46 [FlE o 1P bl S e Rk 4|
2015.11.15, f)lINA T IR #— (FH
JII - BEE)

® @REHICLDIRE ST XE R EF
LT~ oirEE O, Kk —E - |
H % - )R MG - BRA FoR - KHEOEA
B 46 [MIE sy T ALEI R R
2015.11.15, f)lINA T IR #— (F
JII - BEE)

© BT & MAE DT m %R
fERE T ~ L3t AT L OBHFE. BRAT FAA -
AR —F - KHE EA - | S - 2 G,
% 46 Ay TR bR R R =

2015.11.15, A)INA T 7 Rkt & — (A
JIl - BB

@ BEEFIEH CALRAIC £ 2 AR i
o MO, RN MR - 2R i - Al
H B, 5 46 [FlE Sy F AL SRR SRR R
220181115, £ )llnA T 7 i v 2 — (i
JIl - HE3R)

BRALENHIBICL DV Py 7 2@ F
OREERENT, ELoth &, A %, MG, 5
62 [Fli 5y FRTAm <Y, (2013.9.12), &K% (&
N 42R)

@ BEISEME 7 oAV E SRR L T 5
v 7 U —ERUkE), Rk AR, BiH S8,
IR iR, % 62 [alF sy TRt s, (2013.9.12),
SRKFE Al - &R)

(] G 1)
(D Temperature-responsive polymers: Chemistry,
Properties and Applications
Chapter 12: Infrared and Raman spectroscopy
Yasushi Maeda
John Wiley & Sons

(Z D)

R— b=
http://acbio2.achio.u-fukui.ac.jp/koubun/maeda/i
ndexJP.html

6. MFFERHRE

(1) WFzEfFRE

B % (Maeda Yasushi)

BHKRTF - RFERE LR - #d%
MHEH T H 60242484

(2) EEEMFTEE

75 (Sugihara Shinji)

B KRS - KRR TR - HEH%
WFeE &5 - 70377472



