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Solubility of Poly(V-isopropylacrylamide) in Aqueous Methanol from
Raman Spectroscopy
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(Hefei National Laboratory for Physical Sciences at the Microscale, Department of Chemical Physics,
University of Science and Technology of China, Hefei 230026, P. R. China)

Abstract: We measured the non-coincidence effect (NCE) in the Raman spectrum of poly(N-isopropylacrylamide)
(PNIPAM) in aqueous methanol at —13 C (below the lower critical solution temperature, LCST). This was done to
investigate the solubility of PINPAM in aqueous methanol by considering molecular interactions. Changes of NCE
when adding PNIPAM to an aqueous methanol solution show that at the molar fraction of methanol x=1.0-0.90,
PNIPAM preferentially adsorbs methanol and at x=0.80—0.50, PNIPAM preferentially adsorbs water. At x=0.50-0.20,
PNIPAM breaks down the ring structure composed of two methanol molecules and one water molecule. Further
comparison between the changes of NCE when adding PNIPAM and its monomer NIPPA indicates that PNIPAM
adsorbs methanol cooperatively through hydrophobic interactions. This cooperative interaction breaks down the
methanol-water ring structure at low methanol concentrations. The cononsolvency phenomenon of PNIPAM in a
methanol solution when heating above the LCST temperature is attributed to a reformation of the methanol-water ring
structure.

Key Words: Raman spectroscopy; PNIPAM polymer; Aqueous methanol; Noncoincidence effect;
Solubility; Cooperative interaction

Received: March 24, 2010; Revised: April 20, 2010; Published on Web: May 31, 2010.
“Corresponding author. Email: slliu@ustc.edu.cn; Tel: +86-551-3602323.
The project was supported by the National Natural Science Foundation of China (20873131, 20928002) and National Key Basic Research Program of
China (973) (2007CB815204).
[l A SRR 24242 (20873131, 20928002) 1 28 HEAUEERIIT S A2 LRI H (973) (2007CB815204) Bt Bl
© Editorial office of Acta Physico-Chimica Sinica



1916 Acta Phys. -Chim. Sin., 2010

Vol.26

5 S5 TN L TR Tk e (PNITPAM) 2 — o 48 355 f e
RIS T REW, TEAL IS 255 B LAY i
FOAR Ty A WEAE R MU, PNIPAM 7E = i T
REVE oK, (H 20605 = T AR A A i 3 (LCST)
32 CHP, PNIPAM 2 MOK iy . A, & W igds
ff T2 HLEE R, QR DR DO A (AN
FELE LCST . 05 2, ik SE47 HLIA 7 & PNIPAM
P RV R DRI, s S AT AL A £ PNIPAM
() 7K 75 A AT BE S 58 PNIPAM (3 f vk, 425
LCST W, (HS50 % BRKE 78 HLIA 0 e B2 i 3 Kk,
LCST JeRE MK 5 Tt = B 2= 4 k. H o PNIPAM/
CH,OH/H,O 1K FR 32 B K TE i 2, FEIXMA R kil
& F B B A48 R, LCST Se il 32 CRE 2 Fe [ IR
(7.5 C), RIGTHE 2 14.5 T, 4k 20, o2 id
TEZL T, PNIPAM AN T B BEFIK DL — € L il 20
AR A7, B TR EAE LS.

AT PNIPAM 7E 7K 95 9 A i e ok AR
AN HLERIEST T )12 5810 Schild %5
T TR AN P T PNIPAM 78 B BEK IR TR
WP YA AR Hh 28, 1 #) F Flory-Humgins — &40 H.AE
FHEES /3BT T AHAR 1T, A R J& PNIPAM 5%
FI0 1) 7 Je A OU A B A F DT 8. Winnik S50 & T
PNIPAM 7 H B 7K 7 1 %) L I e i i ) C-
NMR, A A4 Hr PNIPAM IS B FH 53— )
A X R4 B . Zhang 259 OGO GRS 7
& 25 T EOKE BT PNIPAM ) RSFR/D,
R IR A H v B A 3 R PNIPAM 56 2 ph 4 bk 45
FA 28 B R 40 TE L/ NER, R e FA JRe bk 454
I, fATIA g 7E PNIPAM R X (8] P 7K Al BT A
T AR R RS H, JFIA X FI A% PNIPAM (&
ST ARER, SETAERL N ELE. 25,
Katsumoto 54T 4G 25 & & T2 B 5T
THEERG, DR o T R 3 A 2 (8] R A
bt AR LA . fi T, Tanaka 25048 HY T 354441
BERIRE &, R TE PNIPAMY Y B/ /K i, R s
7K 5 PNIPAM 14 1k e 3 1A TP il &, 7E — 2 551
T oH TS T EC IR, B BE S PNIPAM
T R SR, IR vy 40— 1] 14 550 /K A B AR FE 66 o8 0
TIa4n, REBORBCNABLS:. BRI AXTPNIPAM 7E
K VAT A AR BR AL A T T ) 2 A5, (EX
HALHAE A 58 2 INRTERE, 4 Zhang S5 2] ()
KR R BT A 1) [ B TR e = B 4 1 S B IE 3 . 1
A, H BRI A B A5 v B 1 A AR, TR

HBABIGEEE SR EGEHN A B LA X E AR
T

fr S HAR — 1z AR 43 (B A B
YER A TR R B SO S5 48 7 ey AR o il 40
TAHE AR S350 8 2 90 R A P 4l ), ik
JR) R AT Ty 5 4 2 B B i v Y R — SR
(NCE)™, BV AR 2 I sl e 114 45 1) [ 18 9 4511
Sk LAY B A7 BN — EU(NCE=vi—Vaieo). NCE S %4
SIS 43 18] Ry A PP S5 Al A 0 TR,
AN Torii" i 1 %] L3256 5 LS 1145 1Y C—O rsh Al
O—H 44k s W H7 2 i % & NCE, 45 th T LiClV/
CH,OH 1A Z H CIFI L3 — ¥ 4L 2 A SO 45
4. Kecki %538 £ ] 55 HH i C—O #3111 NCE 1H,
TS T 25 P 7R H B uoUl 245 44 1 5 i

AT PNIPAM fil A CH,OH/H,O %7,
PNIPAM <:iifi i1t 5 CH,OH J H,O #HE AR, 33
CH;OH/H,O JRi il 4 kb i et A8 , 33X Ffrghe 28 131 AT LA 3
i NCE SR8 ke, By LASE 123 0 8 FY sk i i
s A PNIPAM i J& NCE {8 i) 728 4k, 7] L35k Bt
PNIPAM 5 FHEAERNGEE. N T Ti#
PNIPAM [ B I 28 #4)—— 53 TN JiE A b e (NTPPA ) 2R
B A PNIPAM B X 35 70 25 44 e s e, AT dn il
T7£ CH;OH/H,0 H /il A NIPPA J& NCE {9751k,
i 214341 PNIPAM 7E CH;OH/H,O H 9 14 il 745 I
H5ER S EAER, 11 T SBORBORNE I
BRI,

1 XWES
1.1 HRER5E ‘A
NIPPA Fil PNIPAM [ 43FZ5 & 1 Fis.
R M it S, =R, AW b, K&
AR T T E 2548 Bk 2= R0 PR A W],
4l R Al IR T i BTy TR AT PR
Hl, 4li 8k 98%; W F R IR 4L T—), 4l

CHS—(|3HZ APCHZ—C|H—L’—
c=0 c=0

i i

by by
cﬁz \Cl-l] CH, CH,

N-isopropylpropionamide poly(N-isopropylacrylamide)
NIPPA PNIPAM

E 1 NIPPA #1 PNIPAM B4 F&#=
Fig.1 Molecular structures of NIPPA and PNIPAM



No.7 AR R IR A5 « R 5 A R PR TG G o 2 PR /K R s A P O 1 2 ' B 5 1917

Koy R Al SN A R b SRR EE TR, 2%
WG = M CaH, SR 1%, 25085 (1 A%
WRBR IR Ve T MR 2 0 0 (— R = 00), MR K
BRTREN KA BRI IR, CaCl, TR0, 28485 1 11
RS 210 5 i A K, 2808 f5 18 Millipore.

NIPPA 16 i Falifbad 1) 5 N #% (20 mL) , =
(50 mL) A1 4 B BE % 7511 (200 mL) il A 500 mL
SRR, R R SRR, B A
PR o s R 2o A AT TR 52020 mL) 2202 i I 268 v, i
s s i B FH VK AR FERIAE 0 °C, %N e 58 J5 7E
T 24 h. 3SR ekl TR 2K R bR R
FR, KL i 3 e 2R A4S B JE 4 A R 'TH-NMR Al
PGS A TC (A Al NIPPA.

PNIPAM M96& A R A BFER G, DR
A, WA S TS ER, B RIS &R EER
Fb A 100:1, SIS IREE A 55 C, BARGHTT UL SCRR[15].
OB EU 15 PNIPAM 43 T8 My 2959 2x10°,
SNSRI R, BT 5 EO TR HE
(MW M)Z1h 1.8, AR TE I N R Jo A,

VTR BC ] SE3GH, B SR — RN AR
IR 53 H0 (o) ) FBE IR S 1 77 (0=0.20-1.0), BF—k
FE R R 53 i = Ay, R W5 43 i PNIPAM Fl1
NIPPA, i Bt 4350 w) Fy 5%, 5 =0y HEEFs ), 1F
FEXTAFSE. 45 2 PNIPAM A B Bk V4 Y00 B AR VKA
H A R (-24 )20 [, LI 52 2V R . 1Eh 80
T S0 W, SE g R B A -13 T, DL R
PNIPAM 7EA [A) ¥k FE 0 H K IR G Rl mh g b 1

SERVAIRIRA.
1.2 FSHELW
P2 G I SR T ) EO, SEE B R

PRI SCHR[16-18]. PA SR [ KOG % (Coherent,
Verdi-5W) P24 ) 532 nm & 22806 TR, Hm ik
J5 1) B RS 22 B AN A2 I R R Oy 3 T RO
10, IFHAERE /=5 cm M AMEHERE T L AMA R
. P2 HUHEZ H =5 cm fl =20 cm )4 305
BRI, B AR I R 2 R T =Gk sh
¥ (Princeton Instruments, Acton TriplePro), iz /& HH i
A& HI) CCD(Princeton Instruments, Spec-10: 100B)
IRBT I IR U2 VAR B I DR A& ot S DK 04 oer e
(D8 I E 71U Iy I s s € IR Y TN A v g
JE Loy FPPAT T8O V10 P02 OSSR B L. P FH
To=Iw—(4/3) Ly T Lyo=Lyis 15 3| %5 1] [) P 1% i B L,
FNA 0] ST R EE Lo PR IO A8 135 WA 5 25 3R

JE—E0 NCE i SE30Hr, o B9 IR ir 24458
HHE-13 C, A AR g m, L
b 23 SR BRI T

FATEERE NCE K H i C—O h4atik shik
i X G2, W T A A H BEMR EE TR CH,OH/H,0
PNIPAM/CH,;0H/H;0O #11 NIPPA/CH,0H/H,0 ="M
Z W NCE fH. f—E iR —W RS 8 4, 1
193 R A R 2.

2 BRE5ITR
21 RENESIE—HHA

Kl 2(A, B, C)%r %8 = i F CH,OH/H,0 .
PNIPAM/CH,;0H/H,O } NIPPA/CH,;OH/H,O 1A &~
[vi) A ) % i) (] i R0 4% 1) S g, L
1020-1040 cm™ &b Ay 53 04 U1 g o Y B C—O fifi 4
P2, 1100 5 1160 em™ Kb %5 55 59 3% 14 )5 J& S~ H
BE—CH, #2428 o, HARGERE 35 WA Tk R
PNIPAM 5 NIPPA fyHiE otk MK Al LIF
Biti 25 P e 3 R PR AG, C—O UG 7 B R AR 418, X
5 Dixit S EE R, gl KRR SR T
FH 0 (6] T B %) A 2 45 ) P 2. 1) 2D o HR ik
J& x=1.0 B} C—O iR 20 1) 45 1] [F] Pk 33 45 1) 5=
PEE, BT LARA S5 H P B R TR], B NCE Bl4e,
X4l FiEi% NCE {Eik 6.5 cm™.

UL AT T4 2] =Nk R B EE C—O iR 8l Xf
I ) NCE i Fifi F Bk 5 19 28 k. [ 3A M= T
CH;OH/H,O & & NCE Bfi B vk BE 1 A8 fk. DA a]
DL i, NCE {8 K H BEvk B i FEAR /D, X 5
Zerda ZEPRIN 45 AL AR —35 . Zerda 4 AT\ K, NCE
/NI B BE R K R, - 18] 3 1o S e
IR JRy SR ABOWAT 3 45 4 12 S B e . FRAT XS HY K
AT FEFE BT, LE x=0.30 [T bifs B s 38 Ui /)
NCE {EAN PR/ N SR, SR 5 kL. 3477
FHEDN 7 v JE IR N, A Y B A — AN Ko F
T ST T RRE 0 = U IR A, S U R om
A, NCE {HH K. & 3B WAL IRE-13 TR
LCST i ), ¥ PNIPAM /il A CH,OH/H,0 ¥ )5
NCE {A K F Bk 5 i 281k Bdis 26 B, Jin APNIPAM
J&i , NCE {H 1 46 %3 A8 Ak F /. 3 5 3811 T B v W
WV A 5, — 7 T BFSE PNIPAM 54> F 5% 5045
T (9 AH AR FH 8 4 PNIPAM 431+ 18] 19 40 H.AE
TXEESR 5 4TI IR v B R AT REAIR, O — 7 TR 2E
B F 43 F-XF CH,OH/H,O 454 52, 13X 2R fir



1918

Acta Phys. -Chim. Sin., 2010

Vol.26

Intensity (a.u.)

1000 1050 1100 1150 1200

Raman shift (cm™)

900 950

Intensity (a.u.)

0 f TR E

1000 1050 1100 1150 1200

Raman shift (cm™)

90! 950

3
\E
B
z
L
E
900 950 1000 1050 1100 1150 1200
Raman shift (cm™)
NCE=v, .0
El
S
2
]
Q
k|
0F

1040 1060 1080 1100

98 1000 1020

Raman shift (cm™)

2 =iET CH,0H/H,0 (A).PNIPAM/CH,0H/H,0 (B)& NIPPA/CH,0H/H,0 (C)fk R 77 B FREZ EE /R 5 8 (x ) B I &
5 B M 2 i (R 2k FIF B R R S XL (B L) U R A REEE (D) W& R EENE Rt Stk
Fig.2 Isotropic (solid line) and anisotropic (dashed line) Raman spectra of CH;OH/H,0 (A), PNIPAM/CH,OH/
H,0 (B), NIPPA/CH;0H/H,0 (C) systems with different CH;0H molar fractions (x), as well as the isotropic and
anisotropic Raman spectra of pure liquid methanol (D) at room temperature
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When the side chains are close to each other,

more methanol molecules will be adsorbed.
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Fig.6 Phase diagram of PNIPAM and changes of
NCE in PNIPAM/CH;0H/H,0 system
(A) The phase diagram of PNIPAM in methanol/water mixture from
Ref.[5], (B) the change of NCE value of methanol when adding
PNIPAM into methanol/water mixture
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