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Interaction of Anionic Sulfonate Gemini Surfactant with PEO-PPO-PEO
Triblock Copolymers
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Abstract The interaction of anionic sulfonate gemini surfactant 1,3-bis(N-dodecyl-N-propylsulfonate sodium)-propane
(12-3-12(S0;),) with two triblock copolymers poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene oxide), F127
(EOy7POgEOy;) and P123 (EO,,PO74EO,) having the similar hydrophobic PPO central block but with different hydrophilic
PEO end block, has been studied in aqueous solution at pH 9 by using differential scanning calorimetry (DSC), isothermal
titration calorimetry (ITC), dynamic light scattering (DLS) and NMR techniques. At pH 9, the sulfonate groups of
12-3-12(S0;), are completely deprotonated and each molecule carries two negative charges as an anionic gemini surfactant.
DSC measurements have shown that the critical micellar temperature (CMT) of the two copolymers decreases as the
12-3-12(S0O;3), concentration increases. Moreover, at intermediate 12-3-12(SO3), concentrations, there appear two overlap-
ping endothermic peaks, which is related to the aggregate transition between micelles with different sizes and microstruc-
tures, which has been substantiated by the DLS and NMR (spin-lattice (7)) and spin-spin (73) relaxation times, and
two-dimensional nuclear Overhauser effect spectroscopy (2D NOESY)) measurements. Compared with traditional sin-
gle-chain ionic surfactants, the anionic gemini surfactant 12-3-12(SO3), has a much stronger ability of lowering the CMT of
copolymers, which should be attributed to the stronger aggregation ability and the lower critical micellar concentration of
12-3-12(S0O;),. Furthermore, a combination of experiments involving ITC and DLS has shown that 12-3-12(SO;), binds to
the two copolymers at temperatures below and above their CMT. At the temperature below their CMT, the 12-3-12(S0;),
micelles form complex with monomeric copolymer, which is similar to that observed in the traditional single-chain ionic
surfactant/copolymer systems, but the critical aggregation concentration for the onset of 12-3-12(SO3), binding to the two
copolymers is very low. At temperatures above their CMT, the association of 12-3-12(SO;), with a mixture of monomeric
and micellar copolymer or micellar copolymer leads to the formation of mixed copolymer/12-3-12(SO3), micelles within
copolymers and then breakdown of mixed micelles into smaller mixed micelles, but the mixed copolymer/surfactant micelles
have not been completely disrupted. Moreover, at high 12-3-12(SOs3), concentrations, the hydrodynamic radii (R,) of
F127/12-3-12(S03), micelles level off, while the R, of P123/12-3-12(S0O3), micelles have a gradual increase. The increase of
R, might be accounted for the increase in micellar weight or aggregation number.

Keywords gemini surfactant; block copolymer; interaction; differential scanning calorimetry; isothermal titration calo-
rimetry
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Figure 1 DSC curves for F127 and P123 in pure water at the copolymer
concentration of 1.00 wt%
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Figure 2 DSC curves for (a) F127/12-3-12(SO;), and (b)
P123/12-3-12(S0O3) at the copolymer concentration of 1.00 wt% as the
12-3-12(S0;), concentration increases

FHE5 7 Gemini RGP 12-3-12(S0;), Sk Bt
W) F127 A1 P123 4K &1 DSC HIZkBE 12-3-12(S05), i
JEE DA 1) A Akl 3 5 A R[] 1A% 4 o B 8 1 R TG
#5 PEO-PPO-PEO ik BtILEMR AR, M/bmfks
() BRRE B R IEYER SDS MAZ] F127 v,
F127 (WIS AL EE RS, BEAE SDS WS 135 K, F127
(I PR AR I, T4k 414 SDS I 3] 1
F127 R MIE R {22, 24 SDS AR P123 Fd i b

http://sioc-journal.cn 43



W F F R

MR

HFE P123 i ARG B — HIE R, BRSO
KL SDS HIIIAAEAF P123 4575 555K, fr gk
I TAER, BIE 1 Gemini R IETEFZ BT LLEAT 58
(1) A AIG L SR A i S AR ) e ) 2 A e i AT
(1) 588 151 A 1 0 FIARAIC (1 i BRI . FRAT T4 F127
A P123 Bl 12-3-12(SO3), ¥ & 25U R i S ARG B2 A £
KRB RE (PR FE S 25 0E 2 1 . AR 1 b, FRATTAT LA
FH 12-3-12(S03), MK F127 I AR A L I RE 7T B
P123 5, A5 F127 &G 2 1) PEO F BU%UIMH
K.

F1 WK 1.00 wi%[f) F127 A1 P123 Bl 12-3-12(SOs), W& A8 [ 1
2 R 5 AR S5 R A b 1Y) B FE(CMIT T o)

Table 1 The CMT and the endothermic peak temperature (77,) for F127

and P123 at the copolymer concentration of 1.00 wt% as the
12-3-12(S0s), concentration increases

Craa1as0n/ F127 P123
(mmol'L™) CMT/C  T,/C Tw/C CMT/C Tw/CT Tw/C
0 24.7 27.9 17.4 20.7

0.001 24.6 28.3 17.8 21.0

0.010 24.6 28.4 17.6 21.0

0.10 21.9 28.5 16.0 20.8

1.00 21.1 252 17.0 19.0

5.00 — 8.8 23.7 — 48 19.5
10.00 — 9.6 183 — 6.4 19.6
20.00 — 7.8 — 48 183
30.00 — 6.8 — 4.0 11.5
40.00 — 5.8 — 33

50.00 — 5.5
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1 P123/20.00 mmol/L 12-3-12(SO5), iX FAMAZRAE AR
&, HEA U LR (2D NOESY, 5t ia)
WEFET EATHEA [ R I R AR 1R K /N8 A 5 43 Tl AH
AR AR

Kl 3 4T F127/5.00 mmol/L 12-3-12(SO;), Al
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U, DRk, FRATIA K, 7ERE N PIANME R T B
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B 3 (a) F127/5.00 mmol/L 12-3-12(SO;), i(b) P123/20.00 mmol/L
12-3-12(SOs), TEA I BE B B ER K 7K & 142

Figure 3 The apparent hydrodynamic radii for (a) F127/5.00 mmol/L
12-3-12(S0;), and (b) P123/20.00 mmol/L 12-3-12(SO;), at different
temperatures and the copolymer concentration of 1.00 wt%
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NMR, F127/5.00 mmol/L 12-3-12(S05), 7£ 7 ‘C (c)F 25 ‘C (d)iJ 2 D NOESY, P123/20.00 mmol/L 12-3-12(S0;), 7£ 7 ‘C(e)# 20 ‘C(HJ 2 D NOESY
Figure 4 (a) Chemical structures and '"H NMR signal assignments of 12-3-12(SO;), and the copolymer; (b) 'H NMR spectrum of F127/5.00 mmol/L
12-3-12(S0;),/D,0 solution at 25 C; 2D NOESY spectra of F127/5.00 mmol/L 12-3-12(SOs), at 7 ‘C (c) and 25 °C (d); 2D NOESY spectra of P123/20.00
mmol/L 12-3-12(SOs), at 7 °C (e) and 20 C (f). The two copolymer concentration is 1.00 wt%
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MR

%2 F127/5.00 mmol/L 12-3-12(SO5), 1 P123/20.00 mmol/L 12-3-12(SOs), H Z AW AR5 L7 W BT AT B FAEA FIEE IS 19 T, (ms) R Tk (To/T))

il

Table 2 7, (ms) and Tr (7>/T}) of the copolymer (F127, P123) and 12-3-12(SO;), protons for F127/5.00 mmol/L 12-3-12(SOs), and P123/20.00 mmol/L
12-3-12(S0s), at different temperatures and the copolymer concentration of 1.00 wt%

F127/12-3-12(SO5), F127 12-3-12(SO5),
(5.00 mmol/L) Hp, Hps Hp. H, H, H, Hq H, H; H,
7/°C L Tm T, Tam T» Twm Tnm Tx T Twm T Ta Thm Twm T» Ta T»m Tx T Tx
7 143 024 106 020 318 055 126 0.7 27 005 4 001 2 001 13 002 20 003 48 0.08
15 71 012 118 024 272 042 214 026 41 007 5 001 2 001 13 002 26 002 32 0.05
25 133 022 158 030 406 053 236 023 58 009 8 002 5 001 14 003 25 005 38 0.06
40 236 035 126 0.4 501 059 240 026 76 0.11 20 0.02 9 002 23 0.02 19 0.03 55 0.05
P123/12-3-12(SO5), P123 12-3-12(SO5),
(20.00 mmol/L) Hp, Hps Hpe H, H, H, Hy H, H; H,
7/°C L Tm T» Tam T» Twm Tnm Tx T Twm T Ta Tom Tw T Th T»m Ta T T
7 114 020 94 016 232 036 151 021 31 005 6 001 2 001 15 002 14 002 28 0.04
12 83 0.4 91 0.5 205 031 194 025 39 007 12 002 2 001 14 002 16 0.03 27 0.04
20 94 015 118 020 227 030 206 026 55 0.09 2 001 8 001 11 002 22 004 24 0.03
40 85 0.0 120 0.19 253 028 217 028 63 0.1 2 002 11 002 14 003 31 005 25 0.04

12-3-12(S0s), Wi i BL AW F127 #AE 16 C
12-3-12(S0;), ¥ 5 P123 AR 2 A lh<k.
T, FA s T 12-3-12(SO5), i 5 K B i B 18 ith
2. B 12-3-12(SOs), IMAZIR S Wawirh, w2
T — AR R, SR)5 5 12-3-12(SO;5), 1K F
BRI ES. RG4Sk R 540
RIMGTERMA R AL 225, Eh RGNS
LR Y 2 A BAE & R . AT AT BL
12-3-12(SO5), 1 7€ I TP i S /K 1 = A i 26 10 T Uy
i 25 140 55 R0 EE A5 1) ROR 23 A e e SR BRI €y Fidg
FRIE Cy. 24 12-3-12(SO0y), WRJE/N T C) I, E#viZk
T NI, K 2 klemol !, 5 12-3-12(SO5),
FEK T RIS AR 1T, BoR T 12-3-12(S05), X
PN ILERY) Z [BIEA A A EAER. 24 12-3-12(SO5),
WIE KT Cy i, 12-3-12(SOs), 1t 52 3 SR M 1 s 44 il
25 12-3-12(SO;), TEKRIFRRE Hh 26 T 4h i 125, 2
12-3-12(SOs), FFUH- S5 IR MVE . Bl 12-3-12(S0;), K
FEMIRER, 12-3-12(SOs), ¥ 58 SR PIE i A Hh 28 H
BT NI A X R TR BCR ST
PPO H B LKL &5 B, PPO F Be A /K M 3k N %1
12-3-12(S0y), IR IEK WL, A TRETERL “ HRER” &5
FA (0 2R G 020 T P R I R SR R A X P 20 S A Bk
REWF TR EIE R AR, TR KX
MY 12-3-12(SO5), WRBE, AR ZR A IEHT AR /N, W] fE
ST IR K B PPO 5 22 0P ) o i
Z g AKAE T 5 32 R i S BUA RS L. T
B, SR A5 40 /3 THT TG 1 750 P TR 2R A0 A 3 T 1 38 T v 1 77
o1 7K S e 2 1) ) e WL R R 0 21 2R A A R R T
FIUMA AR . 24 12-3-12(S05), W E KT G 5,
12-3-12(SOs), T E R WM EHMMZ S 12-3-12(S0;),
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KPR ERIELE S, RURAYM PPO H B
B 12-3-12(S05), 524 MR, 12-3-12(S05), F HEHR IT4A
AR REIINAN 12-3-12(S05),, HUE 12-3-12(S0;3), KK
ERKP R R I FE . B 7 Gemini 3K 10 3% 4 7
12-3-12(SO5), Filiik Bt 2o 2 47tk 4k il 28 1 28 Ah e 34 5 4%
S5 (1) BB B 1 TS M R R A 4 A 18 R R SR A A
it £ (AR A A — 8, R EAT AR R AR 77 5K,
{H 2 Gemini 2[5 P 75 HAT ARG SR ALK C).

M5 (S e A 2 v DL, AN IR B
RV F127 FP123 ¥ C fHARR], HILRII 4 HEA TS
K, R AT RE RN R AW A MK PPO J
B, T C, WA AW PO/EO (1) LLIG N wa A ik, B
F127 () C, KT P123 ¥ C,. Verrall Z5UTZERFS BH 25 1
Gemini F TG EHR] 12-6-12 5 BLILER Y F108 Al P103
Z I AH EAE FH BB s 2X RS, SR F108 Fl
P103 HAM[FI PPO k.

A CHRIOE, LB sE BRI iE (W SDS,
TTAB)IAF| PEO-PPO-PEO ik Bt JLER Wy i b (1
F127, P123)REW 75 3 C A 1AEAR TR SRR 1~4 C
T R B IR A, L v S5l i e e A e b R T A
W AU 33341 5 — AN g it £ T 3 R T 7 £
AN FREME AR A ARG R, 55 AN g 2 2
TR RN S R AWk GER LS. 1E#
NI IR EEAGWAS: 55—, SO0 R Bl TR B
SR I S ARG, DA 8 7 i s MR AR SR A 1
AT A7 ik BEL R I A AR i b Pk, 28, 3
2 T P TR R TN B2 30 s R TR SR A v
SRR I PE NI R S WK PPO B
LKz e, AT AIER b2 a2, oAy
Bi/KF B PPO E/KH I fPE A PR, AT LA SSCR i 5K
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Figure 5 (a) The observed enthalpy changes AHy, by titrating
12-3-12(S05), into 1.00 wt% F127 solution (black squares) and water (red
circles) as a function of 12-3-12(SO;), concentration at 23 C; (b) The
observed enthalpy changes AHy, by titrating 12-3-12(SOs), into 1.00
wt% P123 solution (squares) and water (circles) as a function of
12-3-12(S0s), concentration at 16 ‘C

PR AT B A S UK BE PPO E /K R g 1t
AF], IR PPO Fr Bt 57K 2 ] AU B 3 PPO
F B KAk, G SR AG YR E IR, mH, &
IHEE 2 1) DSC &P A 2] T 12-3-12(SO5), A
T S RERS FRAR SR B P I SRR B, At UiAE M T
BAEWIIG U AR I, 12-3-12(S05), I figs 5
SRR, (B2, 12-3-12(S0;), 15 F127 B P123
5 F 1 55 0 5 A it 4 VAT R I P AN R ke, Dt PRI ]
AEJE 12-3-12(S05), ) CMC &3 /N1 SDS o TTAB, I
AN R 8 R AR AR A (R JSE IX 1] N 0 4 T
232 12-3-12(SOs), 5 F127 3k P123 AR AR RIRAH
Z_|8) 6948 EAE R

K6 4 THE 28 CH 12-3-12(SOs), i 5E F127 %
WORIZE 21 CHE 12-3-12(SO5), fi 52 P123 I 251 i
JE B A e DL KA AR R R AR AR 1K G R AR Bl
12-3-12(SOs), W FE AR i 2. RN AE 28 F1 21 CHY F127
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AP123 43 Ak TR R AR kR e, B DLER R B
12-3-12(SO5), BEWT L R GW AR ER X T UL R &
VIR, R FRAT 75 21 5648 12-3-12(S0;5), 55K
AR AMIE A RERE ¢ WEEAKX AG=
RTIn(C/CMC), T AT Al DL AR H, 53—l & F,
12-3-12(SO5), HARTE B A e 5 R A W) E )
AR A RS 2E 5. AR UL AR b T LU 28 i
T, TAMER AG A5 SR A1k, PRI BAT AT
LA 5 T A3 801 €, A1 12-3-12(S05), [ CMC It
FE TR CMC SRR HBRERE R €. SRS, flds
SRR E ORI R . RAEMOK SRR L C
B, FATHE 12-3-12(SO;), ik BAL SR 1) (AR A ]
ARG VIS BT B BB TANEN B, 12-3-12(S0s5), 5 &
YIS G I R BT, F R R 12-3-12(SO5),
(R e s ik 7K AF 3R N 3 2R G ) T R TRT R 7K P A% T T
AT T B LKA S5 IR, BB 12-3-12(S0;), 155
KK TR BHAETR A ISR 2R 1. 286 HU £l W 2
BERIK G AR A SR, WTRE BOR LR E. 28
1 AN BE, A ZR B MBI A5 IR AR IR K A 2425 ik
/N, R A R I AR 25 R /S R AR AR, — M i
T, BZ 12-3-12(S05), 73 T2 5 A R R I Y ok 5
B A S R R R 7K P A A 85 AR R, SRRk SR BE IR v
S50 S T A T S 0T A T RN R 1 A S g
ISR AR S R E YRR, 5 T BB € TFR, — 5
53 12-3-12(S0s), FFUR 45 & IR W AR 4> 755 b, 1k
RIRLLTIIN, REERIIKE LRSS, 5 1V A
B, 12-3-12(80:), Wi R & a4k 5
12-3-12(S0;), W & /K By & #oh & & &, o,
12-3-12(805), 5 R & W 1EH AT, XA o 1 2
12-3-12(SO5), ERAE/K H MR I 7. SIS CHUR HE
7R 12-3-12(S03), 55 F127 M1 P123 JE I AR I K &
AR ILI N 4 R 6 nm FEAT, B B LR A
12-3-12(S05), IKFER, RS IRR B AR M S, ©
TSR 25 LL/INIRITR A T R (R A4
233 12-3-12(S0s), 5 F127 3 P123 J& R Z I8 4948 ZAF
bid

/£ 40 CHY, F127 #1 P123 B G35 LURHR G A7
7E. B 7 G TAE 40 CHF 12-3-12(SO5), Wi € F127 F
P123 Y 1 A5 o EE# i 4 )2 F127/12-3-12(SO5),
P123/12-3-12(SO3), REMRNIKE 42 12-3-12(S0;),
WAL M ZE. [RIFEHL, FRATHE 12-3-12(S05), H5EEW
Z A AE TR A A DA Be. 28 1 AP Be, FRA 1%
A 4 AR T AR B, DR DR Y )
12-3-12(SO3), W BE LEBATTSE 56 v By I 21 1) 12-3-12(S05),
WRETE/NGS, AR R B IA AR, HE, AT
DA S HUR AR BA H, MR /D 12-3-12(S0s),
NBIREWIEWIE, RERPKE LB S, R
IR/DE 12-3-12(SOs), SR EWIE L TR G, 1 H.
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BTN (AFE 21 CHF P123/12-3-12(SO5)2 HAEAMIIK G FA2BH 12-3-12(SO5), W AZ b i 25

Figure 6 F127/12-3-12(SOs),: (a) The ITC curves of titrating 12-3-12(SO;), into 1.00 wt% F127 solution (squares) and water (circles), and (b) the ap-
parent hydrodynamic radii, Ry, as a function of 12-3-12(SO;), concentration at 28 ‘C. P123/12-3-12(SOs),: (c) The ITC curves of titrating 12-3-12(SOs),
into 1.00 wt% P123 solution (squares) and water (circles), and (d) the apparent hydrodynamic radii, Ry, as a function of 12-3-12(SO;), concentration at 21
C

c, c,
(a) ' R
0r 0+ O—O-OITOTO-O-CO .
= 5 a4l Il TV
€ 4l g | :
- 2 , !
5 I 8r ! b
< -8 < : :
12 -
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o | i
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-1 ~
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B 7 7F 40 CH 12-3-12(SO5), € F127 (a)FH P123 (c) #1553 52 vl 28 & F127/12-3-12(S05), (b)F1 P123/12-3-12(S05), ()RR K E
SAEB 12-3-12(SOs), W LR Hh 25

Figure 7 F127/12-3-12(S03),: The observed enthalpy changes AH,s by titrating 12-3-12(SO5), into 1.00 wt% F127 solution (squares) and water (circles)
(a), and the apparent hydrodynamic radii, R, (b), as a function of 12-3-12(SOs), concentration at 40 C; P123/12-3-12(SO;),: The observed enthalpy
changes AH, by titrating 12-3-12(S0Os), into 1.00 wt% P123 solution (squares) and water (circles) (c), and the apparent hydrodynamic radii, Ry, (d), as a
function of 12-3-12(S0O;), concentration at 40 “C
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W F F R

T 12-3-12(SOs), TR TR A A (PR B, 28 T A
BB, mEAANZE LT —AN B B, B TIRA IR
WARELAR B, 12-3-12(S0s), IR S REWRAREN. )
AU S I KR BoR, F127/12-3-12(S05), BRAEK K
BBk SR/, T P123/12-3-12(S05), BEEKIKE
Nt el N B B AME TG XA K. P123/12-3-12(S05), SR4E
ARG R TR T 12-3-12(SO5), WRIZ 1
KFHE 12-3-12(S0s), M TSR R BRI SR A2
BEORMIE B, 55 TV AN B, 12-3-12(SOs), 2 2R &
WWAMAKPEMIIEES, ShELHY E R
12-3-12(S05), 5 F127 F1 P123 Fi BRI R SRR /K 5245
YL 4 F1 6 nm, WA R WA 5E AR . 53
MR AR JE, FHE 7 Gemini 2 3% M A1 0 N T 5L
PEO-PPO-PEO ik Bt I R 5 Ax it 125 Ay A7),

3 4t

A 1 22 7 F A R B (DS C) A5 I 3 8 o B A
(ITC) ZhA&NHU(DLS)FAZ 34 (2D NOESY, %
RN BAMT ST T 76 pH=9 i B 25 TR 257 Gemini %
& TER] 12-3-12(S05), HH LA 1.00 wt% () PEO-PPO-
PEO Ik Bt 3L 584 F127 F1 P123 Z AI[MAH HAEHL. B9k
PR, TEARI 12-3-12(SOs), W EER, DSC &k L T —A
Mg, I HEEE 12-3-12(S05), W Ik, AW
I 515 AR P B ARG, 7 TR ) 12-3-12(S05), WL,
DSC [IZe LT W AR A HBAT I By FL ek, i
FHEIE T BT B A I R R A RO 45 K4 A1 T AN
) 71 S350, 5 12-3-12(SO5), W, DSC 2kt
S — Mg, (FOE RGP I I AR R S R, 5
FR28 () S 2 R IS PRI L, BT Gemini 3K
TP 12-3-12(S05), RS T {2 3 HifF{& PEO-PPO-PEO
i BEAL R0 e T e R B, R B A T
12-3-12(S05), BT HAT 5% [ 5 42 68 1 FRAK 19 s A i
WO BE. HEAN, AL G0 ) B B 1 R T R R A ik BEIG
BRI 72— kE, 12-3-12(S05), HERE W HARIE
JSCER AT )/ S VR B AR AR A 12-3-12(S05), I Z
REV AT RS AR RBEE SRR, HeE
LRGN BIR G IR, RSB 12-3-12(S05), L (1)
WK, TRA RAUZ A 2 8 /I R, R, R
(1) 12-3-12(SO5), W L I, F127/12-3-12(SO5), R AR R
ARG B ARIEAARAR ) P123/12-3-12(SO5), IR AT TR R
MK ERE . KEEEAB N G2 H T
12-3-12(SOs), ¥ 5 19 03 85 12-3-12(S05), R A8 K B 2R
SEAR IR SR AR B KT 1. IR AR IR T &A1)
Gemini % [ 35 V£ 7/PEO-PPO-PEO ik B LR IR S 1A &
(1) 42 T PR AN PR
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4 KIGERS
41 RFE5EH

PEO-PPO-PEO 1k Bt 5 W) F127 (EO9,POgEOg,) !
P123 (EO,PO7EO)IE H Aldrich 2], P35 15
534 12600 F1 5750. MBS FREER £ 21 Gemini K [HIVE
PEFR 1,3- RUWV- 1+ = b HE -N- T8 il R B )- N
[(C12H2s)(C3HSO 5 )NC3HgN(C3HgSO 3 )(CiaHas)]*2Na *
[12-3-12(SO3), A AR 35 FATT 5L 56 = 2 1 11 TAE A B4t
ARBN LGE R R O i SR BR AR 5, 2l 2o by
KT 99.7%. SZU KA =R WK, B s fe
pH=9 I #EfT.

42 ETFHEMEHRDSC)

/] VP-DSC it #iA& Z (MicroCal, FE[H)3RA ik
BRIV M 12-3-12(SOx)/ 1k BEIL B Y IR A v Wi 1)
DSC # A&l ik B AL R 12-3-12(SO5) /1K B
FEI IR VAU EL S HESUN T 2 20 min, 4l7K 25 HE
Y5 min. KZ) 500 pL (0 ik BE L S8 W ¥ W Bk
12-3-12(SOs) /I BALR YR S W B R 61 B4
Tl AR 500 pL (RSB T. S IKBELRYE
WEL 12-3-12(SOs),/ ik BUIL SR VIR G i R A St it A 25
A aliKINZ L AR S50 T4 2 W S8R 213 1.0 °C. DSC
POy BT BB A B AR %, THEEEE N 30 C/h.

43 FHRHEMEEH(ITC)

TAM 2277-201 530 %€ T i A4 0T(Thermometric
AB, Jarfilla, Sweden) FH T-Ill & 12-3-12(SO5), i A fik Bt AL
FPEH T R FR AR AR . S0 i B 3 A T A i
T+0.01 C. mEHGF IRt AL BCE 800 uL 12tk
8 1.00 wt% I RA VIR, 12 it 8CE 865 uL (1)
afi K. B W JE ) 12-3-12(S0s), W W ok
Thermometric 612 Lund 4 (#) 500 uL Hamilton i3 i}
A LABRER 5 pL ARUEETINNZIRE st AN e T
FRARFE 75 v/min (BEHEEA, S0 UG & 2 (M PRFF A2
5 W AT B B ), DACRAIEAS 5 [P SR 2. MLE2 4 (AH bs) 18
RERUAT R p KN R] £ 11 i 2 e T R 15 ).

4.4 FESHEETIE(DLS)

B TCHUR AT S WL ALV-5000 £
[ FHOCER 1 ALV/SP-125 HOGEHUL, KA M ASHE
Wi E IO, Thak 22 mW, WKl 632.8 nm, U
14 90°, FTAFERIIEFLIEN 045 um IR 8.
JEHUR BRI A SR BB L Contin V220 T Ab P 5 75 5]
b LR EUD) A, S FERIERL T, R K S
42 (R, L Stokes-Einstein /5 #E, R,= kgT/(6mnD)He 5.
3, b, kg NBURZZZHEL, T WAL, n N
FORG R, SCIGIE B N BT RRE TH0.1 °C. SRR
TEIR A M.
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4.5 ¥ZHEEHEIR(NMR)

Wt 3L YR 9256 % H] Bruker AVANCE 400 %1% 58 i,
SEIGHRAE R s AL BRI FH ¥ /& TOPSPIN (Bruker, ver-
sion 2.1) TAF3i, FTT NMR SZ56 48 7E T i B R ik
47(Bruker, BVT 3200 i 4% 5.70). i 12-3-12(SO5),/fik
BOIL R WIR A 5 T H AR K (D20, 99.9%) A4 CIL
Cambridge Isotope Laboratories /=&, FAFMI[F] 0.6 mL
12-3-12(SOs)/ ik BEIR YR A HUE T 5 mm A
BEATSEH, DUASRIEE HDO J5t 1Ak S 6r s AR,
EE IV =2 VA

K5 ] 5t 2 B 8] (Transverse Relaxation Time, 75). 2\
W] 5t ¥ I ] (Longitudinal Relaxation Time, 77)f1 2D
NOESY K% 525 34 Hi Bruker AVANCE 600 1543 (B4 5
mm BBI 8k, 44K 50 Glem ™' (1) z J7 (A BREE fik
MYTERG, BT Ty, T> M1 2D NOESY S0 #5715 S5 i i
J N #E{T(Bruker, BVT 3200 #if% #.00). T, Fl T, 43 5 1]
Pk 523 R A e [B) 3 vk (CPMG) I #3, SR T
[D-90,-(A-180,-A),-acquire],, Nk ' J¢ %1, F A H
TOPSPIN T fFulifl & 1% i vk it 4: 43 1. 2D NOESY 5k
5 R FH AT BR 2 3% 1) noesygpph JF 1 5E ik, W& IR 4
800 ms.
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