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Abstract Rare earth fluorescent ordered aggregates constructed based on ionic liquids can endow rare earth materials with
superior fluorescence performance and rich structural morphologys. At the same time, cyclodextrins have received considera-
ble attention in the research field of supramolecular aggregates due to their dynamic and reversible regulatory properties. In
this work, an ionic liquid-type rare earth europium p-diketone amphiphilic complex [Cizmim][Eu(TTA)4] (Cizmim=
1-dodecyl-3-methylimidazole, TTA =4-methyltrifluoroacetophenone, abbreviated as Ci2-Eu) was synthesized. Through the
cooperative assembly of the ionic liquid-type surfactant (1-dodecyl-3-methylimidazolium bromide) and the host-guest inter-
action of f-cyclodextrin (abbreviated as f-CD), rare earth supramolecular fluorescent ordered aggregates with different mor-
phologies were constructed in a protic ionic liquid, ethylammonium nitrate. The fluorescence properties and aggregation
structures of aggregates were characterized by fluorescence spectroscopy, UV-vis spectroscopy, infrared spectroscopy,
time-resolved fluorescence spectroscopy, laser confocal microscopy, and fluorescence microscopy. After assembling into
ordered aggregates, the fluorescence intensity of the obtained materials increased significantly (by 3~8 times) and the life-
times were much longer compared with those of other assemblies in the same solvent. Meanwhile, the fluorescence micros-
copy results demonstrated the successful doping of Ci2-Eu and the formation of three distinct types of red fluorescent supra-
molecular aggregates: flakes, mini microtubes, and rare hollow tetragonal prismatic microtubes with square cross-sections.
Furthermore, a-amylase was introduced to investigate the changes in fluorescence and aggregation structure of the aggregates
over time. It was demonstrated that the aggregates were formed through inclusion complexes of cyclodextrins, and the
enzyme-responsive regulation of the aggregates was also achieved.
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Figure 1 Illustration for the construction of rare earth supramolecular fluorescent aggregates assembled by [C;,mim]Br, C,-Eu and f-CD
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Figure 2 (a) The image of the C;,-Eu-[C;,mim]Br-4-CD ternary system (C;,-Eu 0.001 mol/L, [C;mim]Br-4-CD 0~0.18 mol/L) under 365 nm ultravio-
let lamp irradiation; Laser confocal bright field and dark field images under excitation at 405 nm of ternary system. The concentration of Ci,-Eu was 0.001
mol/L, and the [C;,mim]Br-f-CD was added at concentrations of (b, ¢) 0.09 mol/L; (d, ) 0.12 mol/L; (f, g) 0.18 mol/L
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Figure 3 Optical microscope magnified image of Cj-Eu-[C;,mim]Br--CD ternary system. The concentration of Cj-Eu was 0.001 mol/L, and the
[Cimim]Br-f-CD was added at concentrations of (a) flake (0.09 mol/L); (b) mini microtube (0.12 mol/L); (c, d) square microtube (0.18 mol/L); (¢) multi-
layer stacked structure (0.09 mol/L); (f) assembling square microtubes (0.18 mol/L)
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Figure 5 Excitation (a, inset: fluorescence intensity variation curve of
LMCT peak relative to f-f transition, Apy=613 nm) and emission (b,
inset: fluorescence intensity variation curve of Dy—F, transition, lgx=
395 nm) spectra of C;-Eu-[C;;mim]Br-f-CD ternary system (C,-Eu
0.001 mol/L, [Cj,mim]Br-f-CD 0~0.24 mol/L)
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Figure 6 Fluorescence decay curves of Cj-Eu-[C;;mim]Br-4-CD ter-
nary system (Cj-Eu 0.001 mol/L, [C;,mim]Br-4-CD 0~0.18 mol/L)
under excitation at 395 nm and observed at 613 nm
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2T 398 nm. KN EEH SDe—"F Ab v B B HER
T2 oy it — 2B UE ] THE B-CD M EZRIER R, 4
B EAL A KA T AR,

300 4 [Jc,Eu
[]C,,Eu-p-CD
003 006 009 012 015 0.18
Concentration/(mol-L’1)

250 { I C,,-Eu-[C,,mim]Br
[l C,-Eu-[C,,mim]Br-B-CD

B 7 A ZALE 395 nm BRI 613 nm Kb K56 Az 5 i AR ) b A
Ci-Eu  (0.001 mol/L), Cj;-Eu-[C;;mim]Br (Cj-Eu 0.001 mol/L,
[Cizmim]Br 0~0.18 mol/L), C;»-Eu-$-CD (Cj»-Eu 0.001 mol/L, -CD
0 ~ 0.18 mol/L), Cj-Eu-[C;;mim]Br-f-CD (Cj,-Eu 0.001 mol/L,
[Cimim]Br-4-CD 0~0.18 mol/L)

Figure 7 Comparison of fluorescence emission intensity values under
excitation at 395 nm and observed at 613 nm for different systems of
Ci-Eu  (0.001 mol/L), Ci-Eu-[Ci;mim]Br (Ci-Eu 0.001 mol/L,
[Cizmim]Br 0~0.18 mol/L), C;»-Eu-$-CD (Cj»-Eu 0.001 mol/L, -CD
0 ~ 0.18 mol/L), Cj-Eu-[C;;mim]Br-f-CD (Ci-Eu 0.001 mol/L,
[Cizmim]Br-4-CD 0~0.18 mol/L)

Intensity
- - )
o (4] o
o o o
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o
1

IbAh, eI M 2 1) Attt — P IER] T Cro-Eu
B Ih 253 T REMT . WK 1 PR, Ci-Eu BT
TE B AEAL A IN[Cromim]Br 5% p-CD 1 ok &, 5t
ML G S5 R e, WA R Cro-Eu
A BAAFAE— PO S50, X —F5 Ay R BTk & o
SYBUE BAN WM Co-Bu BRI dr. JR1M,
Ci2-Eu-[C1omim]Br-B-CD = Ju /A R [958 32 ek fth 42 # v]
B AR R A7 dr . 0 10 75 iy VA S T A e 2 2
BT Co-Eu AR H 1y, B A5 dr X BT
A REMR I Co-Bu 5677 dn. BRI, &
[C1omim]Br-p-CD ¥ RN, =0k RIS Ci-Eu
(75 b7 LD, TR AR Cro-Bu 1754 i b
BTN, HE—PAE Co-Eu 2 5 RAEMA 2. Ak,
AT #— Cio-Eu B % 11(0.202 ms), 1ELH N
f-CD (0.225~0.298 ms) {1 [Cromim]Br (0.274~
0.397 ms) ) 76k & Cio-Eu 5 65 a7 1L K, {H
TEANIN T [Cramim]Br-p-CD J& ) = 04K & IR 654
B XU T = ok &2 B-CD X} Co-Bu 7=
AT TR SR AN, RERE T R FE SR S KT R
TEIEFERY, 5otk R Cpo-Eu M98 eFF A b, —Jt
fEZH Co-Bu A a1 2~4 1. [FIR, IX—%
A7 iz = T LU BEAN BN 77 1) %6 6 323.(0.436
ms)PAAIEER A1 (0.535 ms)BULE I Cpp-Eu HIER 6
. #E—B T Ci-Eu 5 p-CD KA T H R E&AA
AHEAEH, 3 R TE B 7 2540 SR 76 9k
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PEREA RBOGoR. HLAb, AHECAEZK/mEAAR 2 o B SR A0 T
& PR ¥R O B S K Eu(TTA)phen-5-CD (0.732
ms)P¥F Eu(TTA)sphen-p-CD (0.712 ms)B), AW 78 1E
EAN 7 A A4 1) DY 77 AR AL ROR A8 (e Ee g vl i B
N 0.812 ms)EA BRI FCIERE. XRIM L&
Wa] A B AR SO AL AN 55V L AR 3, aE— 2Dk
VTR R AR K, AR T A G ERE.

£ 1 FiEFAY0.001 mol/L)TERINA F# E[C,mim]Br/s-CD(—
JeE R, [Ci;mim]Br/f-CD 0~0.18 mol/L)8%[C;,mim]Br--CD(=J Tk
A, [C1omim]Br--CD 0~0.18 mol/L)) % Ye 75 6y

Table 1 Fluorescence lifetime values (z) for rare earth complexes (0.001
mol/L) wunder the addition of different concentrations of

[Ci2mim]B1/f-CD (binary system, [C;mim]Br/-CD 0~0.18 mol/L) or
[C1omim]Br-f-CD (ternary system, [C;,mim]Br-4-CD 0~0.18 mol/L)

Concentration/ 7/ms
(mol'L") " ¢, Eu--CD C,,-Eu-[Cpsmim]Br C-Eu-[Cp,mim]Br--CD
0 0.202 0.202 0.202

0.03 0.225 0.274 0.202(84%), 0.537(16%)
0.06 0.214 0.299 0.193(49%), 0.771(51%)
0.09 0212 0.333 0.197(17%), 0.824(83%)
0.12 0.265 0.380 0.198(16%), 0.822(84%)
0.15 0.277 0.395 0.184(5%), 0.831(96%)
0.18 0.298 0.397 0.177(2%), 0.825(98%)

The data in parentheses represent the percentage of each lifetime that is occu-

pied.

A WG HE I — 2P )R B T [Cromim]Br A1 B-CD
N5 R R R4y 1A A ELAE P AR AL A SRR (=2 i
8a Fi7, B [Ciomim]Br F1 f-CD #SINE I IN, ik
JERTF 0.06 mol/L, Cio-Eu i 87 [ 5 AR S0 Fr 8t K %
AT AR, HAEREE WO EE RGN, R B R KRR
W PRI 2T 7% B 24 2 T Cho-Eu I BT/K B BE#E 1 453 p-CD
125 EFTEL, [Cromim]Br-g-CD I 512 3 5 350
LW Cp-Bu KA THEREW, X—WG5 Exehmw
FERREAT ARSI S R —5, t— P T miRkE T
U R BRI L.

Z AR FiARIE, FIH[Cromim]Br 1 B-CD fEIR/K
TR AT R ER 1S B A T BRI R AR MRS, o, B-CD 4y
F2ZIA. B-CD 57K LK [Cramim]* ({BKIE Sk 55 K i1 2
A ELAF A FRIR RN K R B £ 220K 3 /7. EAN H
T TFAE AL T B T K a2 450, [RTf
B A HIEPERE, AT LAIRTS B 5 R4
A&, WAL ATHEM , AT AE EAN R 2 1)
Ci2-Eu-[Ciomim]Br-4-CD #i 5>+ %6H 7 R &M, p-CD
S F 208, p-CD 5 EAN LK [Cromim] K mE Sk 5
EAN (S BEAH BAE R MRGERE] T+ KRB E .

K 8b 4 7 4li[Ciamim]Br. f-CD. EAN Al
C]g-Eu-[Clzmim]BI‘-ﬁ—CD Eﬁ*ﬁ%*ﬁi}%*%(Cu-Eu 0001
mol/L, [Ci;mim]Br-A-CD 0.18 mol/L) = Gk £ IZL41 &
W ES, HESPRER =ZJUERRF 1037 em! ALK
g5 B-CD 1 C—O—C Mi4ifkahiE—3, 1620 Al
1597 cm ! AL ARG 73 5% S EAN ) N—H i1 -CD
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B 8 C;-Eu[Cpmim]Br-p-CD = JG & & (Cp-Eu 0.001 mol/L,
[Ci2mim]Br-B-CD 0~0.18 mol/L)¥148 -1 Wi (a); EAN. B-CD.
Clz-Eu-[Clzmim]Br-ﬁ-CD Efnﬁig\(C]z-Eu 0.001 mol/L, [Clzmim]Br-
B-CD 0.18 mol/L)F1[Cj,mim]|Br FIZL 4P (b)

Figure 8 UV-vis spectra of the Cj,-Eu-[C;,mim]Br-f-CD ternary sys-
tem (a, Ci-Eu 0.001 mol/L, [Ci;mim]Br-f-CD 0~0.18 mol/L); FT-IR
spectra of EAN, S-CD, C,-Eu-[Cj;mim]Br-f-CD ternary system (Ci,-Eu
0.001 mol/L, [C;,mim]Br-f-CD 0.18 mol/L) and [C;,mim]Br (b)

1) H—O—H #R3h&, I+ H T EAN 5 p-CD {71 E
YEA, SRARHRENE KA T BB AL RS, B-CD Rk Bl
MIAFAE, LA 2852 om™" PR IR ME e 2 5 C—H 45 4R 3
W f 7 25, R B R [Cromim]Br 4% -CD 45,
RERKEENEL D -CD HRMY. tb4h, BT =7t
RS FREERNER, HE T4 p-CD 1 O—H
HARIRENIE(3390 cm HTEREARFFE SN E] 3413 cm ! Ab.
XL EAN #3470 om ! 40 N—H (R Za4Rah0E, — ok
A IX PRSI FE B IE B EAN #5715 B-CD 2
5] SR S A AEAE. [RIR, 4E[Cromim]Br H1 3152 cm™
AETKIEER | (1) C—H MZAIRBNIEE —Jok R R AE T
R MER, UKL S S T REMRMER. X
BB 1) AR T EAN () N—H S8t & 4 7 EALN
TFFEBY, $il] EAN 5 B-CD H R 5L Ak s S 3 o
C—H g MM S BAEH & WES T & Ci-Bu 1E
ILs H AL M) 220K 7).
I, MRS B S3 45 i EAN Al =F SR
LRI E g x] LL B aT DUR IR, = PP SRR I 204k
B AL 1037 em™ &b B-CD RFHIEIEIAEAE, LK 3000
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em' BA O—H Ml C—H M4gaiRshigfife, Him 7%
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TR, AR R B AH BLAE F 5, SRR
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KA RADIRE TR e R L1 5 [

SR, EH T AR SR T6 o SR AR A 2 20 (1 7R R A4 R A
AT LBl EAN Bk, Joisdid utE s it 4
FBOFH B-CD P = F ML EM. B2, T p-CD
(1) o-1,4-FEE BT DAY a-VE R BEBI D), FTCL a-VE R R
AL 23 B-CD HIKAR. DR, G S B A A m sz iy
B-CD Fl Cp-Eu M8 457~ WH %Kk, 4
Ci2-Eu-[C1omim]Br-B-CD #8431 % it T 4 A th 25 4k 7K
B-CD ek e SR, 23R B-CD FRI7K fif ifi fife 58 5 7=
AR Rk, BATRI T a-SeMBRGAAE T,
T T T REMST a-GE R BEIR W RERE. Q1SR
BB S4 PR, MBS Ll T RERMFR I K
SRR FEIITE NN a-VE M J5 BE I [R]85 T B, = Fh A
TE 50 AL PR BN () 54k i 2R an B 9 B, AN[R) 27
RN B-CD EEAIA], BEMEIN 8] AT FFZE 60~180 min
NG, RN E PRI IR 1) 20% LR, #ar T
BRAEAR Cp-Eu-[C1omim]Br-B-CD [ R U A B A5 e K
WEB T B-CD {EREMMIE it bkt 31 7 S EAEH,
KM =N AU T RERTITE RS AT p-CD 5
Cio-Eu [H] ) 32 M40 45 1F .

0.8
0.6 4
\O
< 04 —=— Flake
< —e— Mini microtube
—aA— Square microtube
0.2
0.0 4
0 50 100 150 200
Time/min

B9 AFETEHIRERLMN o-VER BF400 U/mL)J5 B A1 52
SRR K M ZR(T=37 C): Ji/Z(C12-Eu 0.001 mol/L, [C;;mim]Br-4-CD
0.09 mol/L). /MK % (Cip-Eu 0.001 mol/L, [Cj;mim]Br--CD 0.12
mol/L) 1 J7 J& 43 2K & (Cio-Eu 0.001 mol/L, [C;;mim]Br-5-CD 0.18
mol/L)

Figure 9 The fluorescence intensity quenching curves over time (7=
37 C) after adding a-amylase (400 U/mL) of aggregates with structure
of flake (Ci-Eu 0.001 mol/L, [C;,mim]Br-f-CD 0.09 mol/L), mini mi-
crotube (Cj,-Eu 0.001 mol/L, [C;,mim]Br--CD 0.12 mol/L), and square
microtube (Cy,-Eu 0.001 mol/L, [C;,mim]Br-4-CD 0.18 mol/L)
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Figure 10 Schematic diagram of secondary assembly of rare earth su-
pramolecular aggregates
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