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BON-5 B Ik (PNIPAAM) J&— Ff HLAT 3 3 AU R B i SR B 2438 3
FRCE LK Y T e A I S i R BE (LCST)Y 2 E i, PNIPAAM & 5K KA M0 8. &
FOH K T ko TR SR B R AR R Y coil (2R A 31 % ih i globule CBR 8 B #6487, 1t
4b, PNIPAAM & BA BRI BUR M PERT . 765 IR T . PNIPAAM 75 4 /K Fi 2 FP s v 340
A RARAS (R 2 KR R A L A1 36 31— 2 B B A B . PNIPAAM AN B0l %, JF
KM coil 3] globule BYHE7AE 5 1M 24 FY A BL 9] 4k 2 338 i 30 59 — i A B 3 0 3L
AR, K4 F B globule FH A F] coil Z&, X Fp B4t n & A B AR A F
PNIPAAM (3% i Ff o i . PNIPAAM 0] FIF 2544t L g it L bt 2 4l

o R L AT, XK T PNIPAAM [ il B B508% M BT 09 4% 1 3 ik (NMR)
WF5E O A — Lo il . X SO RF oY 3 2 0 X A% LR 4 R S 0. b gt a] L fksE RS
PG 3R BB TR R 1 78 Ak K R AT A 5T ). Tokuhiro'®) % A Xt PNIPAAM 4% 3 [A] i
TRt st ) T, BEIE A5 4k . Ohta 48 N X PNIPAAM 45 3 A1 (1) £k 27 0 % Fifi 15 5 Y
AL HEAT T WESE, MR B AL IS A IR AR k. Ohta %8 A™ 5 Sun % A%
PNIPAAM /K ¥ 1K (9 5t B Bk 18] Ty T, BER BE 19 A8 fb 647 T 8F 5%, b i] & B AE
PNIPAAM 7KW R A T HAE UG WK 43 F 1 is sl v 4 35 0. Ik 4h,
Larsson ¢ A\ % PNIPAAM [ B 4 H0R £kl B2 09 A2 (b b A7 1T 0E9T . A AT & BAH 22 L
Ji PNIPAAM K4 FUHE A T — A BRAR 1 45 4.

5 bk, DAATR AT 2R X 2k PNIPAAM K43+ il PNIPAAM 7K 8 i 78 7K
VSR P AR AR AT S AT TORESE. BERFRATTET AN . 324 1k PNIPAAM K43 16 BUE 71 i1
s ) R JOE 1 A i T AR B 9 0 A DA SCRR IR B AR AR 5@ b %t PNIPAAMY/ 7K / H A4
Z 1 PNIPAAM ) NMR 3% ] L K st B 0] i B 9 HCR 8056 2 Bl NMR 25000 s 5
AR LI AF 58, & 3L PNIPAAM K 4 F 9 3 A it F NMR {5 5 0l DL F ok 2 il & A
PNIPAAM 7EK /HEE Z 50 700 vh & 2 1 35 A R AR AE

1SR

SEEG BT A M B PNIPAAM W B Polymer Source Inc, H /0 T E M H: M, =
112 400, M,,/M,=1.63. FK(D,O) F5ifLH B (CD, OD) ¥ 3 ll§ {f Cambridge Isotope
Laboratories Inc, /KN 99. 9% /A%, HEE R 99. 8% /RAC. L8 PNIPAAM Bk JE N
50 mg/mL. Y\ i g i) T 38 2o Sk 2 Jk o e 0 SR ) k5 A8 1] ot R ) T, i et
CPMG Jikuf 80 ok il s 97 802 40000 00 6 000 SR T BUAR 2 9N 1] 384 3 4E 38 (BPP-
LED) ik oh 740 ER B NMR SE5 9 BAR S 808 N« 90 Bk b 58N 8.5 ps . JiE 58
8000 Hz, RALIS[E] g 0. 8 s, 5FRAER Jy 60 s, Bk 52 50 ZANRECH 32 U, stig A
H P B 5 2By oy 16 Y, SEgilk iRy 25 C, g B IRy 0. 3248 T/m.

2 R
2.1 'H NMR i

B 1 A KR BT A W PNIPAAM 19" H NMR E] 3%, Hrr &5k (A) ~ (G) 4351
REFEEM S =R 0%, 5%, 6%, 20%, 35%, 36%, 100% (7. EH'H NMR 3% &
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FEBR PR 25 A B v A2 60 8% 1 26 B AN BB B H PR 5 o032 T 5 | e 1) 5 B 1 4 2%
MAEARfE) . M 1 el LI 24 B R BE R BB 50 G 2 6 0 i, SR F R 1
PNIPAAM i Ca, b, ¢ Fl d, EARIEJE WA b SCF Ui BT 5888 W 3 A . [ B £F: Fif 98 Ak
W (0 0~3) [ B[ 2 WIEBE 1(C) 15 X4 B EEM BEJR L Ry 20 Yo BF, K4y F 1 CH, . CH
(E8 . CH, &I R —A~ i BE ARG A T80 224 H st () JB8 7R bL E — 25 B i 2] 36 Yo i, mf 4
BE R 4y F PNIPAAM [0 73 B LT BB, 7 0 0~3 JE M se b g k. Lk
PNIPAAM () NMR & i 25 fb s e 7 K /WY BE = o0 3 700 o by F ok B3 78 Ak a4 1
PNIPAAM [{#H7Z. 24 PNIPAAM fE/K /i 01 0] v b T 0 R S i) 52 i 1Y coil
R, R E RS, EXFE ST . PNIPAAM 5 T3 F 22 ] i 4% (4% AH & 76
Yoy FRCHIE 3 1, BRI IRIE R R B, 24 PNIPAAM 40 T AR B 21
i) globule R, 40 FHEMZ 3™ EZ MR BT Z 18] i A% (8 AR AR B4R T 3 B0t iR
WESEAL . AT IR A L iR A BT S SRR A3 BE. el el N, X H R R E)
6 %0/, PNIPAAM % 4: coil #| globule #H748, T 24 ¥k B #F — 2538 fin & 36 Y0 i Wy glob-
ule M Hr kA F] coil A, B & A BT IE A EARAAS. F it NMR #9775 2% 0] DL SR 0F 58
PNIPAAM f 478 i 2.
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Bl 1 PNIPAAM fE/K R R & W i  H O NMR B35, L3 (A ~ (G 43 AR 3% FRE i % 228
0%, 5%, 6%, 20%, 35%, 36%, 100%. W a, b, c, d 435113 PNIPAAM [y I3 | W H 56 E 459K
FEY R R 5 11 0 PP B, 0 o RS PR B PR O L 0 ARV I 3 5.

Fig. 1 '"H NMR spectra of PNIPAAM in water/methanol mixtures, with different mole fraction of meth-
anol [(A) 0%, (B) 5%, (C©) 6%, (D) 20%., (E) 35%. (F) 36%. (G) 100%]. Peaks a. b, c and d re-
present CHy, CH,. CH of main chain and CH of side chain of PNIPAAM respectively, while peak e and

{ represent methyl of methanol and OH of solvent respectively.

AR PTASAR S AT LA SE IR 0 5k S R R Y 2R E T R . B 2 W R T
PNIPAAM FH e e 1ty i w2 i FPY o 32 19 28 A it 2. DAIET AT AR 31, 25 PR () JEE 7R ok JBE A
SV0HGINE] 6 D0 . WA 58 SR IR E D/« X IOE T bl AR 1 coil R 25 2 it 19 globule AR
A 5 24 B I E IR Uk B2 pln 35 D0 1 i 2 36 0 i, PNTPAAM [ Y kU8 518 58 R 1 25 g
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s X LT dr i Bl ) globule RS B R coil MRS T AT FHAE.

EARHE 12 B 10O K (B Hr iy 1 g 43 2480k A i, BIPE 08 £ 094 ik s 3
TN R . S TR e R SR, FRATHEAT T 2R E R LR EIE, K IIZE 51
SRAFAE. EAh, AT E 7% 58 T, st it R0 A 9 8RB IR e a5 %
SRR K F15 5 WM REAEHEAT T L #R . I B w0 25 0 8 1% 45 5 8 5 K43 F PNIPAAM
454 R R SR (aE R D 15 5.

2.2 YEiEHESRBESENXER

3 S K A BRI 5 W PNIPAAM 9 CH, JEH R F15 5 1 T st 5 H
FE SR EREL. HELUE S, 2K F PNIPAAM 2b FA%H B B (<6 20) X L
o AR FE I PR JR M B i B B B (e =35 YO IR B VA W R IR, PNIPAAM K4 T
TE WP AR coll ARZA, H T, s B[] Lb 34 5 24 K43 F PNIPAAM 4k o jia] i
Pt vk B (6 %6 << <<35 %) B} » PNIPAAM b F I 45 11 globule JR4, & 4> T4k (1938 2 ™ &
SRR FELTF BRI O . BLB 55 4 F 138 S A OCRT H] . BEAERK. TR FHST
oA M, =112 400, 7€ T, s E] 550 T8 A 0 8] oo B R BN F T, 5B
A 1D B AMEL B AT, BEEE T St i DB o O3 AE K, Rk AE PNIPAAM 4k F A ]
R B S TR A B s R A3F 1 T s g i () S 35 AR K. fhy e mT DL . KA F 5 5 02
SE4T] DLk R FRE PNIPAAM & A R A8 4 % 4.
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Fig. 2 Variation of methyl proton intensity of

PNIPAAM in water/methanol mixture, as a function of

B3 PNIPAAM ) CHs SIS 1 #Y T sty B i) Bl H
s st 2
Fig. 3 Methyl 'H Ty of PNIPAAM in water/methanol

mixture vs mole fraction of methanol

methanol concentration

2.3 HERMEBEHESRBESENXR

& 4 Sk KR B A % W PNIPAAM () CH, 3t F 5T+ 15 5 10 8 10) 5t 22 B 1] T
H5HRESEMNCRE. HEATLES, 2 AR, B H coil 3] globe [ 4H 42 1 H
globe #| coil T ATIAHAE 0] DA T, it # i 18] (4 28 A8 Sk R AE. 24 & A= i coil #| globe 1)
FHASES, T, WFREAR. KorF 1 T, 515 i 8] 76 A0 22 DAHGFIAHZS DLJS AH 25 K2 2 8
G R LG Ko Fiissh B &A1&, BRI DL K709 T, s 6 a] >k 22
BRAE R F RS, B FRATIEE R, A TR MRS R PNIPAAM K43 78 45 H i
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AR W AR T, st mr a3 0P 20K & 40 77 OK s B RS TF 1
PNIPAAM K431 A g PE 55 5.
2.4 BYHEHSESHFBESENXER

B 5 Rk M H BER A PNIPAAM () CH, EE R FES WA BEAEHK D 5H
T Y O R IR RITRT TAD 4 DR 40 7 A8 1) e 94 I 1) 6 8 AR AR L 2 R 43 1 A K R R IR
R AR AR (2, =6%), RIAFFHHT HREE LK, M Stokes-Einstein &
UYL PNIPAAM K43 F I RR F7 2% 2 2 0 8 A/, B it PNIPAAM K5 F
Hi coil &5 F T4 Bl T — A globule 2544 5 1fi 24 K 40 F A9 /K R BIR B WR AR A
RUAHAR B (2, =36 20) » RAFF I B BURBUR 48/, B PNIPAAM K4 F 1 i 14 112
PRI AR K, B PNIPAAM K43 F i coil 45 1 YK 46 A T — 4> globule 25 #4).
CHL, MR ARTAUARAE LU . K4 T PNIPAAM [ H 97 8 2 8009 25 (L AR B 58, & AT T7E A
A% DL AR AR UG K A0 22 — AN B0 9, IR R F 89 B9 8OR Bt o] DL Sk R BCRAE
K3 PNIPAAM [ A 28 7 1iE.
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Fig.4 Methyl 'H T, of PNIPAAM in water/methanol Fig. 5 Diffusion coefficient (characterized by protons of
mixture vs mole fraction of methanol CH3;) of PNIPAAM in water/methanol mixture with

different mole fraction of methanol

3 £

M\ LT PNIPAAM FE7K FIH BEIR G 3 W P B9 H NMR & 3% sth B B R 3 9 8 R
HObE B = AR AT LA FER AR, KR5S 19 NMR B 78 & A A1 A
AR AR S P B A TE 0 A BRI % T ot 7R R TR0 RN [ RO O A AR I AR Ak
RAEW AR A, IR AT AT RL K 43 19 45 Pl % 2L 4k S BOR DF 58 PNIPAAM 78 3L
VS AR AR AT
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An NMR Study on Phase Transition of PNIPAAM in
Water/Methanol Mixtures

WU Wen-peng'?, WANG Nian'*, FENG Ji-wen'"

[1. State Key Laboratory of Magnetic Resonance and Atomic and Molecular Physics
(Wuhan Institute of Physics and Mathematics, The Chinese Academy of Sciences), Wuhan 430071, China;

2. Technical Institute of Physics and Chemistry, The Chinese Academy of Sciences, Beijing 100049, China]

Abstract; In this article, the phase transition of polymer PNIPAAM in water/methanol
mixtures was studied by nuclear magnetic resonance (NMR) spectroscopy. It was found
that 'H NMR spectrum, relaxation time and diffusion coefficient of PNIPAAM changed
dramatically when phase transition occurred at ~6 mol % methanol and reentrant tran-
sition occurred at ~36 mol % methanol. These results indicate that NMR spectroscopy
can be used to characterize phase transition of PNIPAAM in water/methanol mixture

sensitively.

Key words: NMR, phase transition, water, methanol
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