YA 25 R (Wuli Huaxue Xuebao)
2298 Acta Phys. -Chim. Sin. 2012, 28 (10), 2298-2304 October

[Article] doi: 10.3866/PKU.WHXB201209112 www.whxb.pku.edu.cn

& BB TIREENIE 57 F AR B A5 Tk im B e oz T RO AL ER A 5%

LV AD S S S - R ¥t
(HEAEUFLTHR, SEAT 830046 AFAFUE 52T TEER, 2 THFEREHE, LT 100871)

W WEIT T HHRR B < 2 B S 19 2 T A 7K ol A it P T ey T AL 8 s PR A U R
Wi 2. 32 5 L B (TEM) AT X S 2T 36 (XRD) SR AL 1 /KB P SR AR AR oW T30 e 23 HE B 5 5K 558
T HURASEAT h PG B B 1A Ak 25 R W], THIR A BEBIR ] i A, JF4R mr BB Ui L. B
L BT e, A 8 SO R R A 3 . SR 0, I TR A VR i S AR B P R T v
WA BRI, SR SO0 i, AT Y Bt R T i 3 SR b S ot FEE 1 AT ki e I R 237 vl SR A e 0 1Y
GHIHECE S

A KBRS, HERAN, JEUERUR  DOLM;  WAMIR
hESZES: 0648

Investigation of the Mechanism of Temperature-Responsiveness of
Metal-Cholate Supramolecular Hydrogels
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('College of Chemistry and Chemical Engineering, Xinjiang University, Urumqi 830046, P. R. China; *Beijing National Laboratory
for Molecular Sciences, College of Chemistry and Molecular Engineering, Peking University, Beijing 100871, P. R. China)

Abstract: Temperature-promoted hydrogel formation was investigated in a mixed solution of sodium
cholate and metal ions. Transmission electron microscopy (TEM) was used to characterize the morphology
of the microstructures of the hydrogels, and nanofibers were observed. The arrangement of the cholate
and metal ions was proposed according to the X-ray diffraction (XRD) measurements. Rheological
measurements revealed that the strength of the hydrogels increases with increasing temperature, while the
fluorescence of the gels increased as well. Increasing the temperature also increased the gel formation
rate. The critical micelle concentration of sodium cholate solution decreased slightly with increasing
temperature. On the basis of the experimental results, we propose that the increased hydrophobicity of
cholate ions with increasing temperature leads to stronger hydrogen bonding between cholate ions, which
accounts for the unique heating-enhanced gelation behavior.

Key Words: Hydrogel; Sodium cholate; Temperature-sensitivity; Fluorescence; Rheological
behavior
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sodium cholate hydrogel (3.0/9.0 mmol-L™) system
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Table 1 Time required for gel formation for TbNOs/ 200 -

sodium cholate supramolecular system with different
concentrations at 4, 25, 40, and 60 °C

¢(TbNOs)  ¢(sodium cholate) Time reguired 0 5 10 15 20
(mmol-L™) (mmol-L™") 4°C  25°C 40°C 60°C 2670)
3.0 9.0 20min 3min <Imin 30s B2 #EERSE/ABES $9(3.0/9.0 mmol - L™)5EAL Y XRD 1% &l
1.0 3.0 3d 1d lh 20 min Fig.2 XRD pattern of TbNOs/sodium cholate (3.0/9.0
0.6 1.8 PG 2d 3h 50min mmol-L™") hydrogel
0.3 0.9 S S PG PG The diffraction peaks correspond to different molecular pacing
PG: partial gel, unstable to tube inversion; S: solution periods, and the period parameter d is indicated in this figure.

(a)

cholate  OH

Ho i oH

width ///écarbon atom
.0.5nm // eoxygen ajom
—n

nonpolar face polar face
nonpolar face

thickness
0.6 nm

3 polarface .

* length 1.5 nm

B3 miEREFMERNARREENMAEHE BHEAELERSFRNNTERE
Fig.3 Schematic illustration of the microstructures, the facial amphiphilicity, and molecular size in the aggregates formed
in rare earth metal/sodium cholate
(a) molecular structure and backbone of cholate illustrating the facial amphiphilicity and molecular size; (b) the molecular aggregate that is the
minimum constitution unit of a bilayer type of cholate host framework (the blue dotted lines denote H-bond);
(c) cross section view of the molecular model. The numbers 3, 7, 12, and 24 represent the order of carbon atoms in a cholate molecule.
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9.0 mmol- L") hydrogel
(a) stress sweep, (b) frequency sweep
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Fig.5 Tendency of metal-cholate hydrogel elastic modulus

G’ with temperature increasing
The concentrations of Tb*/cholate are 5.0/15.0 mmol-L;
Cd*'/cholate hydrogel are 5.0/5.0 mmol-L™"; Ca’/cholate,
Co*'/cholate, and Mn*"/cholate are 20.0/20.0 mmol-L™".
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Fig.6 Fluorescent emission spectra of Eu(NO;):;/sodium cholate hydrogels
The concentrations of Eu’*/cholate are (a) 1.0/3.0 mmol-L™" and (b) 3.0/9.0 mmol-L™". 2,=310 nm
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Fig.7 Fluorescent emission spectra of Tb(NO;);/sodium cholate hydrogels
(a) The concentrations of Tb**/cholate are 1.0/3.0 mmol-L™', the inset shows visual photo of hydrogel in an inverted test tube under 365 nm

illumination. The left one demonstrates the partial gels at 25 °C, yet the right is state of the same system at 65 °C. (b) The concentrations of Tb*"/

cholate are 3.0/9.0 mmol-L™". The inset shows visual photo of hydrogel (10/30 mmol-L™") in an inverted test tube under 365 nm illumination.
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