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Figure 1 (a) The d orbital electronic configuration for the ground and
excited state of d’ Cr(Ill)complex in Oh symmetry; (b) corresponding
Jablonski diagram.
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Figure 2 Conventional near-infrared emitting chromium(IIl) com-
plexes 1’'-6".
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Table g Photophysics of conventional NIR luminescentCr(IIT)com-
plexes”

WY Ao (nm) D (%) T (us) S B4 SCHk
1(ClO,);  702/797  NR NR T M;?g/ EG/ [53]
2(ClO,); 670 0.0065  1.85  rt, H,O/HCl [39,57]
3(ClO,); 728 0.089 63 tt, H,O/HCI  [39,57]
4(ClO,), 770 0.15 270 rt, H,O/HCl  [39,57]
5(Cl0,); 770 <0.001 <30 rt, H,O/HCl [39,57]
6(Cl); 670 NR 235 it, LO/EG  [39]
7(BF,); 775 11.0 898 tt, H,0 [64]
7(BF,); 775 12.1 899 it, CH,CN  [64]
D-7(BF,); 778 30.1 2300 it, CD,CN  [65]
8(ClO,); 782 6.3 770 rt, H,O/HCIO, [66]
9(OT), 742 NR 23 it, CH,CN  [67]
10(PFy), 771 0.06 1002 it, CH,CN  [68]
lzg’%)z 774 0.14 980 1t, CH;CN [68]
12(BF,); 748 5.4 2800  rt, H,O/HCIO, [69]
13(0TH), 709 15.8 1550  rt, H,O/HCIO, [70]
14(PF,) 1067 NR 14/63 77K, CH,CN  [71]
15(PF,) 948 NR 8.0 1t, CH,CN [72]
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AP E M T, 2 A RERR, 7T LAVR S5 70 2R 1) gt
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e Cr(I AL 4.

Heinzeif AZH 1 T-201 S4E4RIE 1 REH5 S BLTR T K
F5 i 214N K 5RO Cr(ID R & 40 Cr(ddpd),]™" (77
ddpd=N,N'-dimethyl-N,N'-dipyridine-2-ylpyridine-2,6-
diamine; [¥13). BC&¥7 1ET75 nmAb A BRI R B K
W, AEg—" A, E HERH S BRI £ . ECH,CNAIH,O
RGBT 2R BIN12.1%A111.0%, K 6H 655
N899RISYS ps. AT AELEAN, AT
BRI, FFa LBt A B (B30 ER). 2 a0
RIE I [Cr(tpy),]" (57L& A BUNERE 4R -
BC AR B S DL SR/ LG HAN-Cr-NEE & /1(79°).
FALEEE, HEN-CHL .o A tpy 2 045 2 K1 dppd Bt 4 5
Cr(IDACAL fE, TR 90° I 7S JTGHN-Cr-NE & A1
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figure 3 Near-infrared emitting chromium(IIl) complexes 7" and 8
. (a) Molecular structures of two complexes. (b) Absorption, excitation,
and emission spectra of 7(BF,); and the emission decay curve in H,O
with or without O, [64]. (c) Absorption and emission spectra of 8
(ClOy); in 0.1 M aq. HCIO, [66] (color online).
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Figure 4 Heteroleptic Cr(IlI) complexes 911
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Figure 5 (a) Cr(IlI) complex 12*" and the absorption and emission
spectra of 12(BF,); in D,O/DCIO, [69]; (b) Cr(I1I) complex 13*" and the
absorption and emission spectra of 13(OTf); in H,O/HCIO, [70] (color
online).
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Table 2 Photophysics data of CPL-active Cr(III) complexesa)

HEY) @ (%) 7 (us) Zium i (NM)) SCHR
(-)-2(Cl), NR  NR —0.046 (671) [43,79]
(H)-2(C;  0.0065 NR +0.028 (672) [43,79]

16 NR  NR ~0.021 (705) [43,82]

17 NR  NR +0.024 (705) [43,82]
(PP)-18(PFy); 5.1 1200 +0.20 (749); -0.1 (728)  [84]
(PP)-19*"™ 17 1350 +0.18 (756); —0.08 (723)  [85]
(PP)-20>" 14 1230 +0.19 (751); -0.07 (721)  [85]
(PpP)-21°" 15 1330 +0.17 (753); —0.06 (722)  [85]
@p)-7" 12.1 NR +0.093 (775) [86]

a) NR=A L. b) fEHF 2@ T KECF,COOH, 1331
e A PRI HUAS 571 18 1 T B2 /& CF,CO0

o S
o HoN Q o HoN—
-—-2L / O e %L N/ ‘>:0
HaN— L — H;N=—Cr—¢

\
o/ NH, o/ \NHZ

O; AT o>_/"’9 17

B 7 PO &YI16R117
Figure 7 Chiral Cr(IlI) complexes 16 and 17.
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Figure 8 Circularly polarized luminescent Cr(II) complexes 18°", (a)
Chemical structures of 18> and (PP)- and (MM)-isomers; (b) gum
spectra [84] (color online).
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Figure 9 Circularly polarized luminescent Cr(III) complexes 19 21",
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Abstract: The development of highly-emissive nonprecious metal complexes is an effective strategy toward low-cost

photochemistry and efficient utilization of natural resources. Among them, near-infrared emitting Cr(III) complexes

possess the potential as an excellent photofunctional material with high emission quantum yield and long lifetime. In

recent years, significant development has been made in the development of photofunctional Cr(IIT) complexes by the use

of tridentate ligands with a large bite angle. In this manner, highly-efficient spin-flip near-infrared emission and

circularly polarized luminescence of chiral Cr(IIl) complexes have been achieved. The molecular design and near-

infrared emissions of these Cr(III) complexes are discussed in this review, together with their current research state and

remaining issues. Finally, potential strategies to improve the luminescent properties of achiral and chiral Cr(III)

complexes are proposed.

Keywords: photofunctional metal complexes, chromium(IIl) complexes, near-infrared emission, circularly polarized
luminescence, chiral materials
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