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Abstract

Recently, several researchers have pointed out that the phase behavior of poly (N-substituted acrylamide) in
water is significantly influenced by the tacticity. In order to reveal the tacticity effects on the phase behavior of
the aqueous polymer solution, we first complete the phase diagrams by using well-defined polymer samples,
and then the molecular origin is discussed. In the present paper, the tacticity effects on the phase behavior
of poly (N-isopropylacrylamide) (PNiPAm) and poly (N, N-diethylacrylamide) (PNdEAm) in solutions are
investigated. The stereospecific reversible addition-fragmentation chain transfer (RAFT) polymerization was
employed to prepare a set of well-defined polymer samples that have a similar M, and M, /M, but a different meso
diad (m) content. The phase boundary curve of PNiPAm with a higher m content appears in a lower temperature
region. The tacticity also gives an influence to the shape of phase boundary curves. On the other hand, the phase
boundary curve for the stereocontrolled PNdEAm in water shifts to higher temperature with increasing m, and the
shape of the phase boundary curve seems not to change depending upon the m value. These results indicate that
(1) a m-rich PNiPAm is more hydrophobic, whereas a m-rich PNdEAm becomes more hydrophilic, and (2) the
hydration state of amide groups is correlated with the tacticity of these polymers. To investigate the tacticity effects
on the hydrophilicity of the polymers at molecular level, the dimer model compound, N,N,N’,N -tetraethyl-2 ,4-
dimethylgultarylamide (ANiPAm), was synthesized. The distribution coefficient of dNiPAm in chloroform-water
reveals that the solubility of the meso dNiPAm in water is lower than that of the racemo dNiPAm. A simulation based

on the molecular mechanics also supports this conclusion.
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ID M,/ g mol ™ M /M, m/ % Lewis acid (M)
PNiPAm
I-m461r* 32,000 1.21 46 -
1-m60r” 30,000 1.30 60 Y(OTf); (0.007)
I-m64r° 34,000 1.29 64 Sc(OTf); (0.19)
I-m44t’ 91,000 2.82 44 -
I-m84f" 23,000 224 84 Y(OTH®); (0.20)
PNdEAm
e-m58r? 51,000 1.25 58 -
e-m68r° 52,000 1.28 68 Sc(OTf); (0.10)
e-m82rY 47,000 1.23 82 Y(OT®); (0.10)
E-m55tY 170,000 1.66 55 -
E-m75tY 150,000 1.68 75 Y(OTf); (0.10)

“RAFT EA: [NiPA] = 2.23 M, [AIBN] = 0.80 mM, [PEPD] = 8.94 mM, T AR 60 °C, IAML: methanol-toluene (1:1), EAKE
f:48h.° 7 U —F DB A FEA: [NiPA] = 2.4 M, [AIBN] = 0.02 M, ¥A4E: methanol, AR 3 h. ‘RAFT &4 [NdEA] = 1.95
M, [AIBN] = 0.85 mM, [DETP] =4.27 mM, EAILE :60°C, BEAWFMN: 48 h. ?in benzene. ¢ in benzene:methanol (1:1).

s

B (Tacticity) 1, B2 1TmL7z& D1z, BEYAIAHK
RFEHRAYVEEM OEEL 72EREGC OHET
EFEESND. Rayb" 1%, PNiPAm DX Y XA 7 ¥ (m)
A3 45% 205 66% 1TH 2 5 &, IKIRRDELEH331°C
2o 1T CHENEEBTT 2 2 &, FHL" i m s
45% L DB T2 L EADPER T2 L EHEL T
w5,

SRR O3 T DiE W A PNiPAm OIIRIIMEITK
SUWE Y522 L0 ERFHEIZ, BWRPIZBT S
T F D VIR B LA BLAEF 25, I8 o STARED
BEIEKFET 22 E2RBLTED, BEEREY,

1—4. B FORMCEN LREMEEER

T % 23 PNiPAm O BEREGEME & ARSI E O R IZ
HHFT 20, UL VolHENE x5 EaaFoit
2 LB TR & OBMRISHIE S 2 56 TH
L. BOTIREMERTIE, UL Vv EMLEEZ, %
FITHELE TV WS 2 L O - SO FRI o
HERAZERRMISGGERTE 2L 512 o7. LoL,
2O Z EEFFAR, FERFNIBW TR EE LSS
F O FEEE E MO B Z IR I B L OE VWD O
IZLTLED.

TrixzhnFETlr, \BGELEEFLFEERETH
WTES T OB ZHZE L, S FHEFRIzB W T

n
/i/jj\:

o

pNiPAmM pNdEAmM

3. PNiPAm & PNAEAm D1b2EE.

-

RIEsh IR %% 2 25510
ARV Iav—yavETILERDL LMY,
ST OVIEFIR RS 12 B & O AR R LR E 2
Yo TEDMITHES L Z LY, TEZPEL2ITL
72, WITRER, FAECRANT 2 HOWSE L FH S
DHEBOEBE L > LEELHETH 2.

AT, 727 V7 I RREDT ORBISEMIZ
SAABAE 93 G- 2 558y, S FREEmIICEE T 2
72DIfToTCERMNEEZTEDTHNT S, Thbid
Thbb, 77 VN7 I RRESTOILEMEE & TRR
YO MBS 255 TH 5.

X, W F 2B DICE DA

[

2. MTFRAE L/DFKBBRDOMEDBE

PNiPAm 8 & OF poly (N, N-diethylacrylamide) (PNdEAm)
KB O BEIRE 13 35 & Z 30°CHIETH Y, Th

100

8= [-mdbr
—m— [-mblr
—— [-mbdr
50
-
=
¢ o
g 100
£ —O— e-m38r
E —o— c-mb8r
L —o— e-mB2r

50

20 30

Temperature / °C
4. 77V NT I RESTF 1 wt% KIREITN T 5 BER
(650 nm) DIRFEMAFENE. (A SLARHIHE L 72 PNiPAm. (B)
ALARHITE L 72 PNAEAm.



34+

®  [-nmdir
[-ni6lr
32 *  [-mbdr

T.I°C

Concentration / wt %

X 5. SLARHITE S A7z PNiPAm ZKIETR O HHX.

T./°C

28
0 5 10 15 20
Concentration / wt%

R 6. A S A7z PNAEAm KR DAHIK.

LOBUKERABETHL LEZLNTVS, K3
ENZEROMERE LR LT, SHRREEE 7Y -7
A NVEEB L OCMAEREE RAFT ESIZL o THB
D F %3725, RAFT #3813 PNiPAm O ¥4 1213
1-phenylethylphenyl-dithioacetate (PEPD)'’, PNdEAm IZ
I N, N-diethyl-s-thiobenzoylthiopropionamide (DETP)" %
W7z Lewis Bl & LC, Yttrium 3 X OF Scandium
trifluoromethanesulfonate (Y (OTf),, Sc(OTf),) % FAu 7z,
B F R ORI (X4 7 FEH) &, 'HNMR
(Lamda 500MHz, JEOL) D X F# v ¥ 7 a b v ¥ 7 F v
OMEH»L RED o7z, HFE - FFESMHIE,
H A PR Z v < 77 7 1 (Jasco Intelligent HPLC
ko TRBb o, 7 2R, ¥—
F & 7 1 (SB-807 HQ, Shodex) & 2 A @ poly (hydroxy
methacrylate) ¥ — X% 7 . (Shodex SB-802.5 HQ and
SB-806M) T & 5. ¥ B 1% N, N-dimethylformamide
(LiBr 10 mM), % 7 AL 60 °C, FHEEE X 0.35
mlmin ' & U7z, FHSBEEE (7)) X, 650 nm Oi%EiE
RWE 2TV, ERRHEAR DO KW 232w 55 & 582
TBMEL LTz, FRILARZ b Vid Nicolet 6700 FTIR
(Thermo) % F\WCHlIE L 72,

F 10z, EBIHER L 72 PNiPAm B X F PNdEAm

system)

absorbance / a.u
‘-—_‘,‘“‘u‘
"c\*\a
N"‘*«,

A /\\

e | P T
1675 1650 1625 1600 1675 1650 1625 1600
wavenumber / cm™’

X 7. KR (2 wt%) 12 B 2 3LAKHIE S A7z PNiPAm O
7 RINY R () e LT, (B) 71 L.

D FEM,), S FESTf (M/M,), mltbE E
LT, MEBREMERAFTEAZITO 2 LITX o T,
DTRBLUDTELSGZIEF LT, £4 7 FEbo
LG B0 € v b %7z, PNiPAm & PNdEAm
TRV AT L C, @R ORI 2 JE L 72 455R
ZB4127R9. PNIPAM IZ2oWTIE, m s & 3
ETLMER LD, 84% 127 5 L 0 °CHRHEETH AKITR
Wehofz, ZDZ EE, mH2sE < %% & PNiPAm
WHUKINIZZ 2 ZE 2R LTWs, —7%, PNdEAm
BmlE T E TLAEL LD, mboEimcfEo
THAKNIZL2EEZLNE. ZAL DI, &
EOHE S 2 REHLTWS, 7z, PNdEAm I
WETFNROF Y 7P VITBWT H D 2IRETABITER
ROEL TV DIZH L, PNiPAm TiE m lLOEW
YV I NVOWEEAERLLIZ L DEAEH B, 2
D ED, HABEEE)IN T 2 SARBLRIE O 2
PNiPAm & PNdEAm CHEZ 2 Z L Z/RLTWS,
MARIAED Y 7 VY V7 2 RRED T OHKMEIZS
25BN DI, HE—HOBERZTT
MHABHRE 22 CEARtT2TH S, M5
1% PNiPAm /KR O HK ", X 6 12 1% PNdEAm 7K 7%
WOMK" # 2N ENR LT Imder iZNT 2 7.0
BEERFEIIERRE SOOI RSV, B
EREL LI oNTHFARD T 2ENEEDLL T
W T, Im60r B & O Im6ar 120 W TR EIRE
IZR2IZONT T ORERFEWEDZ LS LD, 2 wi%
P ETIHZEFHZHRERE ZoTwWd, ZofiE»



DFHEEROT 70 —FIC X 2 BEUSENET 7 ) VT I FRED T OHE (A —43-

5, PNiPAm KV CTlE, FHOBEERE 720 ¢4 < M5
FAROTEH VAEHAE I X o T T 2 2 LS
Lt %t 57z, PNAdEAm O¥5E&1E PNiPAm & 1312, m
DIE < B LK O MRS ER SEIRA~ BB L7z
(K6). 7z, HEFMOHE S PNiPAm O & & & I1ZHR
T, SAFRHRIE OB T RS S ZIT KW,

m D DT 41T & o TELDF KGR OB R AR
DPRENS B 2 L, DA E 235 F DKL
BKFNZ K E T Br 52 22 LR LTWS, M4
~ 605, MHABEZEE)NIZN T 2 SARBHIE O 28T,
PNiPAm & PNdEAm & TR ERL 2 2 L6 » &
7t o7z, PNiPAm & PNAEAm DL22ERE E oz R,
MEDO T I FED 2SI LEVIHTHD, I
12 & o CHEEFERIH EAR 5% TR & < B 2 WEE
MeAid 5, PARTF 4 246 L 72 & 512, PNiPAm O
BIX B R C LRIV 2 E 7 C=0--H— N /K TS
IR 2 R D 2,

7102, m DR % 5 PNiPAm DO KRR IT B 1T
27 I FINY ROFRHARY b VERT. T-m60r %
I-m64r D7 I RINY FiE, HABEOHISR E D [-mdor
ERBEZ STy FIERZLTWS, PNiPAM O 7 3
FINY Rz, B C=0---H— N KFEMHE &K
FIDWH OWEHE T WD 72 DIFENT HSIEH 1<
LW, ZHRLOMERIIDRL LD, MEBAEDOE
{L2SPNIiPAm O 7 I FHE T b Y OHAEERICHEE S
ZTVWBZERRBLTWS,

AR, HAF S 0L, Eo T A O KA - B
RFIEBZIGE L T, SmBEMCPHIZZ2 L)
LCST BUFHS Bt O FHEE AR & BEER IV 1T & W72, Z o
A XA, HEERSROIIZ KN BT 2D K
SSKEFET 5. ZoMmrHRA oRICERAL, &9
T8I o T2 15 R R K FNREIE 25 m BCEIT & o CTRRSE
ENDERET D E, m HLOE PNiPAm ASBUK M IZ
7 D KR O HEE AR 2SR E T 2 2 & %A
TE 57,

3. BAFOUFRAE LKBRRF TORERE

PNiPAm % SARHITHIT 2 &, KIEHOAHBEFARTE
T L, KERFIZBT @0 T OREEREIZ D #
BIRENL, K8, m=64%, M, =3.1%x10", M, /M,
=29 @ PNiPAm KER DMK TH 2>, Z DKIEKT
X, ROBERIT 22 L0 HIRWEEKT, Y-
FNVEBERT I EBHA S NI, m=46% T, Z
D& O TARBEFIHTO Vv — FVERIZBH S h
W, 2D Z &, PNiPAm OMAFBRIE 0ZLos, 7K
WRHFIT B 2850 FOBERER RESCEZTWD
AREME AR L TV 3,

30 T v 7 '
A7 amm ]
25+ Lo/ ]
%} (‘luud-nuinlcur?c 1
© 20+ TS —
2 Gelation curve N
b
2 15}F
5
=
10} %

0 1 2 3 4 5 6
Polymer concentration / wt%

8. m LD E\ PNiPAm KKK O OF, Zf L D &
W T VLT .

F WA x, MAFRETRELS X CBIRYGEEL
WCALAHIRE S 7172 PNiPAm B4 T8 & CHEAR D
JEHE & P72, HEIBRZEW 2 &£ 12, PNiPAm HAKDE
PR TR D, VARBAEOFEZIZ LA
EZITELT, ZHEIREY LRI THIEDLLL
Mot —, BEBERIIIIARRAIE O 2 2550
K HLLNTED, m=46% O PNiPAm 23 T, 3L TH
WICBHE R Z T DT L, m LLDE W PNiPAm 1L
TR VIRE 2 IR 2 ITHER T A X2 K& T5 2
EBbrotz, mHOE W PNIPAm 23 7, LR IZ B W
THEEERER L T2 TREME L, BOGHBIGHIE
IZEkoTHRBEINTWVSE™,

4. PNiPAM 4 ¥~ —E T IVDIKAEMHE

Rl 7R 2 6, (DIMLEHAIER Y 7 )
N7 I RRBOTORERIC KRS B 525 2
&, QMEHAEIZ X > TEDTFHOMAENERBE
16322 EERWITRENT., ZOFRKERL H
129 27:0121%, B9 FolbZEE L HAEIZo W
T DFEMRERSBETH D, Foa ik, BB
HAER MU B OKEWITE 2 2 BT
DOf/NE TV E LT PNiPAM O “8{EE TV, NN-
diisopropyl-2 4-dimethylglutarylamide (dNiPAm) 275 H
L7z,

dNiPAm i21%, (2R(2S) 4S(4R)), (2RA4R), (254S)
D= OGHGEMERIFEL, ZhENE XA T K
THET L ER2DE DT D, racemi IBEWY % MG

% 2. dNiPAm OHGEMEAR L X4 7 F OBfR

HaCY\[/C"a HC o~ _-CH: HacY\/CHs

sub  sub sub  sub sub  sub

configuration

chirality (2R,45), (254R) (2R, 4R) (25.45)

diad meso racemo
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