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Abstract: Fluorescent microcapsules based on coordination supramolecular polymers of rare earth metal
ions were prepared via a layer-by-layer technique that used electrostatic interaction. The holes in the
capsule walls were very small, which reduced leakage of small molecular payloads. The capsules
remained intact at salt concentrations as high as 500 mmol - L™", which shows they have potential in
practical applications. Multicolored capsules were obtained simply using a mixture of terbium and europium
ions.

Key Words: Layer-by-layer assembly; Fluorescent capsule; Metallic coordination supramolecular
polymer

1 31 & M e FC 2R A R A (R A BER R, H R
H%Em%%l)\ﬁ"/\%ﬁ*ﬂr%Hﬁﬁ%ﬁa\?ﬁ T WL ) SR B e R G IR G Y. — i
BLU B 5l NRIEI R, R B Temo PSR, K s oo 5 3o i 5 Fo A o = A
RAEW I TR OGRS IRDG Y R A A e ) X RGBT VRS R 2, O R A R T R ]
RIPERe. U B AL, XL R EYWAR G AL IINE AT, I DSRTG 2R SR S S5 1. Bk, [H bR
REAEANIZ M AACKE Jy B it o EWBE 2 TRE 7y BSOS — Rl < 3 5~ A1 22 Sk 44 (0 T 47
TRARE T AT - TN RS SR A R e SR e 2 1 R A i 7 ik, 3K —J5
IV P ONF PR BE G N 7 1 2 Sk AR, R A BB AA S

Received: July 20, 2012; Revised: August 7, 2012; Published on Web: August 13, 2012.
“Corresponding authors. YAN Yun, Email: yunyan@pku.edu.cn; Tel: +86-10-62765058. HUANG Jian-Bin, Email: jbhuang@pku.edu.cn;
Tel: +86-10-62753557.
The project was supported by the President Foundation of Peking University and National Natural Science Foundation of China (20903005,
21173011, 51121091, 21073006).
bR 2R K I 4 K 5 AR BE2# 3 42(20903005, 21173011, 51121091, 21073006) %% B3 H

© Editorial office of Acta Physico-Chimica Sinica



2292 Acta Phys. -Chim. Sin. 2012

G J B T AR B TR A B T A5 B £ A5 S R
TRAEMEER. KRR B B S1T, H
H T A 45 W AT 2 P 6k, ] LUK R 4y 42 )
B OB TRAEY. RATEL MHF IR, F
A8 F WA FERREC AR, JLT- B (il v 4 e i 1
HORT LA R A R 4 S BT R 2 TR A7) IXTCBE N
RN R FLAT R 32 Th A8 10 S b AR 7 4241t 1 1
RS A AHIEIT LIRS - 4 8 35 76 Al o i, A2
& & LA 23 1 2R A5 W AE RO U B 11 2% TP I B
H.

Z BT AR R G ST %, s
TR TEAE A B ARAE 25 i A= W B 2 R 55 T
BT IZ NS o LTI, 5 DA 4G sl it fo Ay
By T IR W 25 T S U B, 5 TT DA I R
&R I RORE M SRAT 1 R G R HE, AT AETE A
IS EARAC IR LT X5 2P E AR P R 93 A1 B s s
ILAESE IR, AEABIETTHR, FAT T FH (80 i B R
A LEOL(F 1(a)) 5 % + 4 8 B Tl AL 5, BEANRCAL
A 3 A BT S e (T 1(b))," PRtk nT DA i
A1 1 FE PR 2R FRL R 2 2 20 2B F g TG U 28 R
TUERCBERO I . BRI G, RIAT45 2] B R E
THAESERE. BATIBE TR, W5 o 5 TE %
FCAL R 4 T4 8 & T A 2R B & 48 & it
1], RIAT DS IAS [7] € 7 Y 2 P ) 5

2 WERSY
21 RKFE5E

TR TR Tz 2 18 £ (PAH) « BB 2K A7 T R 5 (PSS)
B¢ AR AL 1) # B8 M TRITC-dextran (423 170 5 4
4000. 15500+ 60000) 4 Alfa Aesar /= &y B i 518
BCAAR LLEO, (4544 30201 & 1a) 2 I SCHR 27 34 K.

NI EIREG s — /K BB BR AL B PR & AL
BRI SRS A AR SR Hr A ). s
B /K 159 2k MilL-Q 4b BE 1) e 4liK .

A6 AE Lambda 35 PE 48 4h- 71 WG _E
SE R 96k I A A H A H 372 | 1 F-4500
PN, i H S 71 F920 R AW A 29 itk
SIS 5% 56 75 v 110 1) zeta H $8fi D 56 [ A 45 5
TRESC N 1K) Zeta PALSZeta HEA AN & 3 IS HE I TE 3
75 5 FH 57 S-4800 ¥4 3% & S 471 4l HL Bt K JEM-
100CX T137% 5 A B8 O 252 fise 0 (170 35 1 22 0 e
B RV T9¢ 6 bR 10 1) 5 SR M TRITC-dextran ¥
ik 3 B 118 [ LeicaTCS SP2 AU e L B A2 750

Vol.28

O/ L

= . /Q# j}»
N\ / O\/ﬂxo \ /N jH@S\

© ! 0 .- 4& ﬁ» ......
oK KO Y

1 (a) Bk L,EO,RYZE#IF0(b) Eu*-L,EO,BLAL#B 5 F
REMEHMTER
Fig.1 (a) Structure of the ligand L.EQO.; (b) structure
schematic of Eu”-L,EQ, coordination supramolecular
polymers
The = reperesents europium ions and y— represents the ligand L,EO..
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Fig.2 Procedure schematic of the layer-by-layer assembly
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Fig.3 Scanning electron microscopy (SEM) images of MnCO; micro-spheres before (a) and after (b) layer-by-layer
assembly of 8 pairs of (Eu-L.EO./PAH)
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Fig.4 Variation of zeta potentials (a) and fluorescence intensity (b) during the process of assembly
The inset in Fig.4b is the photos of 8 pairs modified MnCO; microshperes under 254 nm UV irradiation.
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Fig.5 Transmission electron microscopy (TEM) (a), SEM (b) images of the microcapsules and the CLSM (c) images of the

capsules in the solutions of TRITC-dextran with a molecular mass of 4000
(d) is the phase contrast image of (c). CLSM: confocal laser scanning microscopy
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Fig.6 Fluorescent emission spectrum of the microcapsules (a) and the change of the fluorescence intensity with
NaCl concentrations (b)
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Fig.7 Fluorescence emission spectra of Eu-Th-L,EQO, in aqueous solution (a) and in microcapsules (b)
The total concentration of Tb*” and Eu* is 6.67 mmol-L™', whereas that for L,EO, is 10 mmol-L"". The inset photo in (a) demonstrates the emission at

various Eu:Tb molar ratios for their coordination complex with L,EQ, in water.

BT Y RIX AN M, Caruso 25 X 58 B fil it 45 14
AT, KR T il 2z 7k, i 2 EH %G
F1%) 2R VL AR o e B KT Ay 2 A 2 A8 TR T 4 v A o 1Pk
T FATT IR 25 B WY, A D8R 1) 46 s v b 2y 1A
Shy ity BRI SR R T, ) T DAAE AN R A EAT A2
ACIRIR G O T AT LASRAF ARG E 35 A IR T 2.
33 ZEXAMENFE

HH T LEO, i] LA 5 Z Bl & & 1 B i Bie A 88 43
TERAEY), BTy Lol i A R 4 8 5 1 1R A
AR R — G 8 B W U T VAT B Rl AN R 4
JeE B PR I . A, AEASSC AR, A A
fE e AV R 1 A (1A e D R 2 S S K S
T A 2 4 & 1 S AR 1 1 R OR B, W] BLAS 2
Z IR, TRATE SEA I T AR ] e AR
14 B 7 R BEJR EE Ok 3:2, %6 55 a8 L A3 A8 Ak e G
AR Z I RGO, BEAE To 19 Eegl R B M Bu (1 B
i b T, Tb BRFAE K SR U BRARK, B (R)ARF AR 2 ST e 1
r (B 72). 5 20 RS, AR R R GRS G
gl (i) ik %, Gl 7a b RO B, T 24 DL RGIR
R R IR — IR AR 2R 2 P 2R I, 45 30 1) Tk 2
T BT BUR R IE S O6 R AE, aniE 7o P, ]
ATLLE R, BEE BT BEuf & LA Th & & T
B, X 5 IR A W R A 0 45 B2 58 4 —30r. ALtk
CIRYSIRIRSTBURYEREE € AR W NEIK Uil i g == R
Ee g, mT LA 25 B AN [\ 2 6 (R B i . mT LUAH
15 B, IXFE IR D7 V21 25900 ik 1 01 27 s 00 5 40 45
KA N AT

4 & ®

BT L8 1 5 0k B AR 1) <6z e IS 7 B
T RS VRIIER B B AT B RO, Hoh B
Jo8 1) PR < s P A7 B 0 1 2R 5 0 45 M) A 0 e TP
ATHR G K, 3 BB AR SR R AU T
Py EATARGF IR R B, A A8 4 falc g L AT Bl v O £
P, AR RSP N BE5E T Sk Aill.

References

(1) Manners, 1. Science 2001, 294, 1664. doi: 10.1126/science.
1066321

(2) Takae, S.; Miyata, K.; Oba, M.; Nishiyama, N.; Itaka, K.;
Yamasaki, Y.; Koyama, H.; Kataoka, K. J. Am. Chem. Soc.
2008, /30, 6001. doi: 10.1021/ja800336v

(3) Berret, J. F.; Schonbeck, N.; Gazeau, F.; Kharrat, D. E.; Sandre,
O.; Vacher, A.; Airiau, M. J. Am. Chem. Soc. 2006, 128, 1755.
doi: 10.1021/j20562999

(4) Schubert, U. S.; Newkome, G. R.; Manners, . Metal-Containing
and Metallo-Supramolecular Polymers and Materials, Vol. 928;
ACS: Washington DC, 2006.

(5) Burnworth, M.; Knapton, D.; Rowan, S. J.; Weder, C. J. Inorg.
Org. Polym. Mater. 2007, 17, 97.

(6) Kurth, D. G.; Higuchi, M. Soft Matter 2006, 2, 915. doi:
10.1039/b607485¢

(7) Yan, Y.; Huang, J. B. Coord. Chem. Rev. 2010, 254, 1072. doi:
10.1016/j.ccr.2009.12.024

(8) Caruso, F.; Schuler, C.; Kurth, D. G. Chem. Mater. 1999, 11,
3394. doi: 10.1021/cm9911058

(9) Schutte, M.; Kurth, D. G.; Linford, M. R.; Colfen, H.;
Mohwald, H. Angew. Chem. Int. Edit. 1998, 37, 2891. doi:
10.1002/(ISSN)1521-3773

(10) Song, W. X.; He, Q.; Mohwald, H.; Yang, Y.; Li, J. B.

J. Controlled. Release 2009, 139, 160. doi: 10.1016/j.jconrel.
2009.06.010



No.10 FRGEE: BT L8R & T > T RGN S I EE 2297
(11) Yang, L.; Ding, Y.; Yang, Y.; Yan, Y.; Huang, J. B.; de Keizer, Trans. 2008, 7, 895.
A.; Cohen Stuart, M. A. Soft Matter 2011, 7, 2720. (16) Lakowicz, J. R. Principles of Fluorescence Spectroscopy, 3rd
(12) Vermonden, T. Macromolecules 2003, 36, 735. ed.; Springer: Berlin, 2006; pp 101-103.
(13) Antipov, A. A.; Shchukin, D.; Fedutik, Y.; Petrov, A. 1; (17) Nogami, M.; Abe, Y. J. Non-Cryst. Solids 1996, 197, 73. doi:
Sukhorukov, G. B.; Mohwald, H. Colloids and Surfaces A: 10.1016/0022-3093(95)00621-4
Physicochem. Eng. Aspects 2003, 224, 175. doi: 10.1016/ (18) Capobianco, J. A.; Proulx, P. P.; Bettinelli, M.; Negrisolo, F.
S0927-7757(03)00195-X Phys. Rev. B 1990, 42, 5936. doi: 10.1103/PhysRevB.42.5936
(14) Gao, L.; Fei, J. B.; Zhao, J.; Cui, W.; Cui, Y.; Li, J. B. Chem. Eur. (19) Kamphuis, M. M. J.; Johnston, A. P. R.; Such, G. K.; Dam, H.
J. 2012, 18, 3185. doi: 10.1002/chem.v18.11 H.; Evans, R. A.; Scott, A. M.; Nice, E. C.; Heath, J. K.; Caruso,
(15) Cui, J. W,; Zhang, R. J; Lin, Z. G.; Li, L.; Jin, W. R. Dalton F. J. Am. Chem. Soc. 2010, 132, 15881. doi: 10.1021/ja106405¢



