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Figure 1 Two ways to generate CPL. (a) Indirect method; (b) direct
method [7] (color online).
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Figure 2 Luminescence mechanism of rare earth complexes (color
online).
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Figure 3 (a) Some representative structures of B-diketone ligands.
(b) Crystal structures of Eu,(BTB);(H,0),(C,HsOH), [28,29] (color
online).
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Figure 4 Some representative structures of single B-diketone ligands.
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Figure 5 Some representative structures of bis-p-diketone ligands.
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Figure 6 Some representative structures of binaphthyl ligands.
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Figure 7 Some representative structures of macrocyclic polyamine
ligands.
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A RAE IR L RE R R, BB WITE RS
7E°Dy— F BRIT AL |l 90.2, PLQY H52%. B, Di
BariZE e H] 1 R I A S Ly (VN 2-
ne e 5 B - [ 3R-1,2-3F & f%-N,N'- . LR (bped)) K
PP Rttt 5 Eu 3R R A & R T FHERL A [Eu
CRSS Lo\ (tta)], T AR FEEE R P AE D) —F BT
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Table 2 Luminescence properties of chiral lanthanide complexes

fic &4 BRIE I Zlum PLQY (%) SRk
A/A-Sm(btfa), VL Dy—'F, CH,Cl, 0.0175 53 [36]
[Eu®RSSL o(tta),(H,0)]CF;S0; Dy—'F, CH,0H 0.2 52 [37]
[Eu(®™™S5L,)(tta)] *Dy—'F, CH,OH 0.26 26 [38]
[Eu(*L,,)(D-facam);] *Dy—'F, CHCOCH 0.44 1.8 [41]
[Eu(®L,,)(D-facam)s] *Dy—'F, CHCOCH 0.34 15 [41]
[Eu(®L,,)(hfa);] *Dy—F, CHCOCH 0.03 53 [41]
[Eu(L,,)(D-facam),] *Dy—F, CHCOCH 0.24 3.1 [41]
[Eu(L,3)(D-facam)s;] *Dy—'F, CHCOCH 0.47 0.65 [41]
[Eu("SBINAPO)(L,4);] *Dy—F, CHCl, 0.072 32 [42]
[Eu(hfa);(**Lys)] *Dy—'F, CH,Cl, 0.08 63 [43]
[Eu(hfa);(*Lae)] *Dy—'F, CHCH 0.012 70 [43]
Eu(tfc)-L,, *Dy—F, CHCH 12 13 [44]
[Sm(** Lys);Nas(thf)] *Gsp—"Hp CHO 0.44 4 [45]
[Er(Las);Nas] L3—=Lisn CHO 0.47 0.58 [46]
AA-[DyLy] *Dyp—"Hy 1 MeOH —0.41 - [47]
[TbLso]” *D,—F;s HEPES+DMSO 0.285 - [48]

[TbLs 1 °D,—F; HEPES 0.241 - [48]
[EuLsy.] *Dy—F, H,0 -0.23 21.9 [49]
[EuLsy,] ’D—F, (CH;),SO 0.3 40.4 [49]
[EuL;;] D—F, HEPES 0.298/—0.294 23 [50]
[EuLss,] D—F, HEPES 0.22 31 [50]
[TbL,,] °D,—F; CH,0H 0.044/—0.048 59 [51]

[TbLss] *D,—F;s Tris 0.078 57 [52]

[TbLs] °D,—'F; Tris -0.12 7.7 [52]
[Tb(Ls))s* *D,—F;s H,0 0.02 - [53]
[Eu(™™Lsg)s] *Dy—'F, CH,OH 0.15 6.3 [54]
[Eu(®™55L,,),] *Dy—'F, CH,0H 0.18 8 [55]
[Buy( “¥S5L,)5 *Dy—"F, CH,O0H 0.23 - [56]
[Eu( 55 Lys)s] *Dy—F, CH;OH 0.165/-0.207 - [57]
[Euy,(**Lyg)s] *Dy—"F, CHCN 0.27 5.8 [58]
[Eu* Lyoks] *Dy—'F, CHCN 0.17 2.6 [58]
[Eu,(**Ls))s] *Dy—F, CH,OH 0.18 - [59]
[Euy(Lsy)a] *Dy—'F, CHCN —0.146 69 [60]
[(Eu,Ls)(VSBINAPO),] *Dy—'F, CHO 0.133 51 [61]
[Euy ("S5 Lay)5(TOM, *Dy—'F, CHCN 0.1/—0.04 - [62]
Euy(Lss), ’Dy—"F, DMSO - 69.31 [63]
[Euy(Lsg)}(OTH) *D—'F, CHCN 0.16 18 [64]
AAAANAAAA-Eu (N Lgy), *Dy—'F, CH;CN 0.045 53 [66]
(BusLs)s(VSBINAPO), ’D—F, CH;Cl 0.2 81 [21]
[¥iPr-PyboxJgEug(Leg)s Dy—F, CHCl;4 1.25 14.5 [65]
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Figure 8 Structures of chiral bipyridine R/S’le ligands and their
complexes [36] (color online).
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Figure 9 Structures of chiral cyclohexanediamine ligands and their
complexes [37,38] (color online).
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Figure 10 (a) The structures of complexes containing P=O ligands
L,;.93. (b) Emission spectrum of [Eu(L,,)(D-facam);] (orange), [Eu(R'
L,,)(D-facam);] (red), [Eu(S’Lzl)(D-facam)ﬂ (blue), [Eu(L,3)(D-fa-
cam);] (green) and [Eu(R'LZ])(hfa)3] (purple) (acetone) [41] (color
online).

()-3-( =50 T 3 W i (et fic )42, &R 7 FHEEW R
FBEEEEu(£tfc)-L,, (B13), A B g E 1.2 ,
PLQY N13% (#2). KEMmA LGB B T M5
f7, X Fhgg P FRIAE I AT G 3R CPL. @i ik A,
JE Bu(tfc)-tmpoi i 74 37 [ 4 I 14 X R T A 465 14 A2 7=
G NIV PS 4

20204F, UngZ™ it & m T8 AR S0
[Ln("*Lyg);Nay(thf)s] (Ln=La, Sm, Tb, Dy) (& 14). ix
LA ) R AR S [N Log [REAA . Ln(otf)s 17N
2 P UL (= FR e 3 ) Tk e A DY S Wk PR (THF ) ¥ W
AL T L’ R SECAL, TR = A RO R L
A%, Sm. ToFIDyEL A YIHIPLQY 43 7 N4%. 26%
F17%. BE4h, SmBECAYIFE603 nmik g, N0.44
(*Gs,— Hy), THEZ & HI7E542nm b g um 4 0.32
(’D,—'Fs5), DyR&¥1ET56 nmit g ,mN0.33
(*Fop—"Hyp) (£2). 20224, UngZ5 gt — 4 CPLIE
SYRBNEAAX, BRI T —RINELAINRER

(@)

N N
Ph
\
3 " _o=p
o NN ey
\ Ph e el pe
& cF3 3rc “o=R e

N, o oo NH
Ph
OO "<=° Lo— —o
o< N o

=——P=0"
/ ]
Ph 3 3 Ph N\ A\ A

[Eu(*BINAPO)(L, )]

(b)

(C) 0.0012

—[Eu(R 5
0006 | [Eu(RBINAPO)(L,);]

~—[Eu(>BINAPO)(L,,);]
3 0.0000

-0.0006 |-
-0.0012

=
> n
(snun “qae) Aysuapuy

3
]
Ss

560 600 640 680
Wavelength (nm)

Bl 11 (a) SP=ORAL, I EMILH; (b) FP=ORKL,,
e SRR G, (c) & P=ORLAAL, IITE &4 (B Lk AI
G P=OR KL, , (19 E & 10 (L0 246) 16 S 07 (A =350 nm,
1.0x107° M) IR e ek B2k, #7fl) MICPLG itk (L b
2, Fe ™ (MR )

Figure 11 (a) Structures of complexes containing P=0 based ligands
Lo (b) Crystal structures of complexes containing P=0O based ligands
L,4. (¢) Luminescence (lower curve, right axis) and CPL spectra (upper
curves, left axis) of complexes containing *p=0 (black lines) and
SP=0 (red lines) in CHCl; (A,=350 nm, 1.0x10™> M) [42] (color
online).
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Figure 12 Structures of complexes containing P=0O based ligands L,s
and L, [43] (color online).
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Figure 13  Structures of complexes containing P=0 based ligands L,,
[44] (color online).
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Figure 15 Structures of several complexes with cyclens as the ligands
[47~50] (color online).
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Figure 16 Structures of complexes containing 2-hydroxyisophthalic
acid based ligands (color online).
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Figure 18 Scheme of strategy to cyclic chiral ligand and chiral
complexes [71] (color online).
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Figure 19 Structures of 2,6-Pyridinediamide ligands with different
spacers [55,58,59,72] (color online).
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Figure 20 (a, b) Structures of bis-(2,6-Pyridinediamide) ligands with
different spacers [56,57] (color online).
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Figure 21 Structures of bis-p-diketone ligand with chiral 2-methyl-
ethyl-1,2-oxyl as the spacer and its complexes [60] (color online).
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Figure 22  Structures of bis-p-diketone ligand with 2,2'-bisphenolyl as
the spacer and complex [61] (color online).

[Euy(“"*¥Lsy)y(TOR (E123). IBHEtA T EAE B T
b ANORSST W e b = AN, 6 I G i A A3 A
NJREFA6ANOJE T ALECAL. B 255 Mk R iE I
44 Sparkle/RM TR RS (1) 2 28 56 TUART A AL, AESE T (&
TERCAR AR 0 IR/S-1-2K 2 & s D bz i) 1 iR et 54
HISE ARG FENE B A AR, SRR RT LG 1 58 B e o
T, SRR AR T OIS LA RS
Z A AT AR, X B Bt FR G T RO R
TS5 HAR AL, AT 3 8 7 o ma B (U 5 &
Ho)FF M S (CDAICPL)FF 45 i B, 7E589 nm
b, [Euy(Lss)s(TOF)e =5 MR HE 1A ) 5 151 g1um 20 1) 9010
#10.04 CD,—’F,) (322).

20214F, SunZE T HWAN2,6- -(1,2,4-=
WA Y- G g 25 R 0 A 9 R R A 8 A 32 T T R )
= WHLALss (K24), FEFTE T H 5Ln’ (Ln* =La> Fi
Eu B THIER T A%, B3 THEKPREMR
B 55 21 6 19 Euy(Liss), KFR. FI Lo it b 7] 1 FF
AL 1L, Euy(Lss), 1 BAHE— 5 5850 71 1) T 1 i T
AT G & i, SEIEE TR LERAY.
Eu,(Lss), fEDMSOH IPLQY 469.31% (#2).

1226

1(Eu, 5 Lg)(tof) ]

Bl 23 HAEUR (R )~ -(2,6-MENE iR
Ly S C A 541 (0 2 R )

Figure 23 Structures of bis-pyridine dicarboxylic amide based
p"R/S’S'L54 ligand and its complex [62] (color online).
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Figure 24 Structures of ligand Lss and its complex [63] (color online).
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Figure 31 Structures of L, ligand and complexes [65] (color online).
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Research progress in circularly polarized luminescence properties of
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Abstract: Circularly polarized luminescence (CPL) reflects the excited state structure information of chiral luminescent
systems and has shown a wide range of applications such as in the fields of 3D display, chiral recognition, information
storage, optoelectronic devices and biological probes. In recent years, CPL materials have attracted more and more
attention and become a new research focus in the field of luminescent materials. This review introduces the structural
design strategies to improve the luminescence asymmetry factor and luminescence quantum efficiency from the
perspective of ligands and complexes, and systematically summarizes the research progress of CPL properties of chiral
rare- earth luminescent complexes. This review provides readers with some structural design strategies to construct
chiral lanthanide complexes with better performance and more stable structures, promoting the development of
circularly polarized luminescent materials.
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