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NIR Luminescent N,N’-Bis(3-methoxy-salicylidene)cyclohexane-1,2-diamine
Mono- and Tetra-nuclear Ytterbium Complexes
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Abstract: A series of four N,N'-bis(3-methoxy-salicylidene)cyclohexane-1,2-diamine (H,L) ytterbium complexes,
namely, [Yb(H,L),](ClO,);-2CH;0H -H,O (1), [Yby(L)s(NOs),(H;0),] (PFe)s -4CH;CN (2), [Yba(L),(H,0),CL] (PF), -
2CH,Cl, -2H,0 (3) and [Yb,(L)s(NO3),(H,0),][Yb (NO3); (H,0),(CH;0H)| (NOs), -4CH,Cl, -6CH;0H (4) have been
isolated by reactions of H,L. with various ytterbium salts. X-ray crystallographic analysis reveals that complex 1 is
of a discrete mononuclear structure, and complexes 2 ~4 are of homoleptic tetra-nuclear structure. The NIR
luminescence of all complexes were investigated and discussed. CCDC: 916031, 1; 916032, 2; 916034, 3;
916033, 4.
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0 Introduction fluorescence!™, magnetism!®'". However, direct excita-
tion of Ln* ions is difficult because of the weak

Much recent interest has been focused on the (Laporte-forbidden) nature of their f~f transitions. In
design and preparation of the polynuclear lanthanide order to hurdle it, well-designed organic chromophores
complexes, because they could be potentially used in have been used to act as antennas>™. Tt is well
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known that salen type ligands are able to stabilize
different metals in various coordination environment!>9,
And a series of salen type ligands have been employed
in the synthesis of numerous metal complexes, such as
a number of salen type homo-polynuclear complexes,
some of which exhibit intriguing magnetic!”* and
luminescent properties™ . Previously, Jones and co-
workers have reported some salen type ligands to
stabilize Ln* centers and provide the antenna for
lanthanide NIR luminescence, e.g., Jones et al. have
reported the first salen type sandwich Yb; complex
which shows NIR luminescence of the Yb** ion in
20054,

cyclic tetranuclear complexes which exhibit NIR lum-

In 2012, they have presented the homoleptic

inescence of the Nd* ions and Yb* ions®?. However,
the synthesis and structures are often influenced by a
variety of factors, such as the structure of the ligand,
the ionic radius of the lanthanide ions and the nature
of the counter ions. To the best of our knowledge, few
mono-nuclear lanthanide complexes constructed from
flexible hexa-dentate salen type ligands with the outer
0,0, moiety has been documented. In view of recent
emerging significance of homo-polynuclear lanthanide
complexes in NIR luminescence and magnetism, based
on the hexa-dentate ligand H,L (V,N'-bis(3-methoxy
-salicylidene)cyclohexane-1,2-diamine) with the richn-
ess of coordination codes (L*~ and H,L modes, Scheme
1). The semi-ridged salen type ligand of H,L and various
ytterbium salts were employed in the experiment to
explore the structures and NIR luminescence of the
salen type lanthanide complexes. As a result, a series
of four mono- and tetra-nuclear ytterbium complexes
have been isolated. Their structures have been
determined and described as well as their NIR

luminescence have been investigated and discussed.
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Scheme 1 Molecular structure and bonding modes of the

salen type ligand H,L for mono- and tetra-

nuclear ytterbium complexes 1~4

1 Experimental

1.1 Materials and general methods

All chemicals except YbCl;-6H,O, Yb(NO;);-
6H,0, Yb(C10,);-9H,0 and H,L were obtained from
commercial sources and used without further purifica-
tion. YbCl;-6H,0, Yb(NOs);-6H,0, Yb(CIO,);-9H,0
were prepared by the reactions of Ln,O; and hydro-
chloric acid, nitric acid and perchloric acid in aqueous
solution, respectively. H,l. was prepared according to
the reported method®.. Elemental (C, H and N) analyses
were performed on a Perkin-Elmer 2400 analyzer. FT-
IR spectra were obtained on a Perkin-Elmer Spectrum
100 spectrophotometer by using KBr disks in the
range of 4 000~500 cm™. UV-Vis absorption spectra
were recorded on a Perkin-Elmer Lambda 35 spectro-
meter. Thermal analyses were conducted on a Perkin-
Elmer STA 6000 with a heating rate of 10 “C+-min™ in
a temperature range from 30 to 800 °C under atmos-
phere. Excitation and emission spectra were measured
with an Edinburgh FLS 920 fluorescence spectro-
photometer. Luminescence lifetimes were recorded on
a single photon counting spectrometer from Edinburgh
Instruments (FLS 920) with a microsecond pulse lamp
as the excitation.
1.2 Syntheses of complexes 1~4
1.2.1 Synthesis of [Yb(H,L),|(C10,);-2CH;0H-H,0 (1)

To a stirred solution of H,L. (0.2 mmol, 0.077 g)
in absolute CH,Cl, (10 mL), a solution of Yb(CIOy);-
9H,0 (0.1 mmol, 0.063 g) in absolute CH;0H (10 mL)
were added. The resultant mixed solution was allowed
to stir for 10 h at room temperature. The solution was
filtered and petroleum ether was allowed to diffuse
slowly into the filtrate at room temperature and yellow
crystals were obtained in a week. For 1: Yield: 0.083
g, 63%. Anal. Caled. for C,HeYbCLN,Ox(%): C, 41.97;
H, 4.59; N, 4.26; Found(%): C, 41.92; H, 4.72; N, 4.24.
IR (KBr, em™): 3392 (w), 2 952 (w), 1 643 (s), 1 503 (m),
1451 (m), 1228 (s), 1 122 (s), 1 093 (s), 745 (w), 627 (w).
UV-Vis(CH;0H, A, / nm): 226, 274, 361.
1.2.2  Synthesis of [Yby(L)s(NO3),(H,0),|(PFe),*

4CH;CN (2)
To a stirred solution of H,L. (0.2 mmol, 0.077 g)
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in absolute CH;CN (10 mL), a solution of Yb (NO;);+
6H,0 (0.2 mmol, 0.093 g) in absolute CH;OH (10 mL)
were added. The mixed solution was allowed to stir for
2 h at room temperature, and then NH,PF; (0.3 mmol,
0.049 g) was added to the solution. The resultant mixture
was allowed to stir for 10 h at room temperature. The
yellow solution was then filtered and diethyl ether was
allowed to diffuse slowly into the filtrate at room
temperature and yellow crystals were obtained in a
week. For 2: Yield: 0.072 g, 53%. Anal. Caled. for
CosH 2 YbsF ,N 0P, (%): C, 40.77; H, 3.99; N, 6.93;
found: C, 39.98; H, 3.91; N,6.91%. IR (KBr, cm™):
3 423 (w), 2 937 (m), 2 857 (m), 1 650 (s), 1 619 (m),
1472 (s), 1 384 (m), 1 290 (m), 1 227 (m), 844 (s), 742
(m), 559 (m). UV-Vis(CH;0H, A, / nm): 221, 264, 338.
1.2.3  Synthesis of [Yhy(L)4(H0),Cl|(PF¢),-2CH,Cl,-
2H,0 (3)

The synthesis of 3 is similar to 2 except that
YbCl;-6H,0 (0.2 mmol, 0.078 g) was used instead
of Yb(NO3);-6H,0. For 3: Yield: 0.067g, 48%. Anal.

I(: HS
o
I% Yb(NO,), 6H,0

O:N NH,PF,
N

I\ on YL, 6H,0
e L
Q NH,PF,
cH,

Yb(NO,),6H,0
),

Yb(CIO,),9H,0
— T

Calced. for CoH 10, Yb,ClgF ,NgOP5(%): C, 38.43; H, 3.73;

N, 3.98; Found(%): C, 38.36; H, 3.90; N, 3.96. IR (KBr,

em™): 2936 (m), 2 859 (m), 1 648 (s), 1 618 (m), 1 386

(m), 1292 (m), 1 226 (m), 844 (s). UV-Vis(CH;0H, A,/

nm): 224, 271, 342.

1.2.4  Synthesis of [Yby(L)4(NO3)(H,0),][ Yh(NO3);
(H,0)(CH;0H)](NO;),-4CH,Cl,-6CH;0H (4)

To a stirred solution of H,L. (0.2 mmol, 0.077 g)
in absolute CH,Cl, (25 mL), a solution of Yb(NO;);-
6H,0 (0.2 mmol, 0.093 g) in absolute CH;OH (5 mL)
were added. The yellow solution was then filtered and
petroleum ether was allowed to diffuse slowly into the
filtrate at room temperature and yellow crystals were
obtained in a week. For 4: Yield: 0.078 g, 49%. Anal.
Caled. for CgHi35YbsCIsN;305(%): C, 35.73; H, 4.09;
N, 5.47; Found(%): C, 35.15; H, 3.81; N, 5.59. IR
(KBr, em™): 3 425 (w), 2 936 (m), 2 860 (m), 1 651 (s),
1 508 (m), 1 470 (m), 1 385 (m), 1 313 (m), 1 227 (m),
742 (m). UV-Vis(CH;0H, A, / nm): 223, 274, 353.

[Yb(H,L),)(C10,),2CH,0H-H,0 (1)

[Yb(L),(NO,),(H,0),](PF ), 4CH.CN (2}

[Yb,(L),(H,0),CLI(PF,), 2CH,CL, 2H,0  (3)

[Yb(L),(NO,),(H,0),][Yb(NO,),(H,0),}(CH,0H)](NO,),
-4CH,Cl,-6CH,0H

(©)

Scheme 2 Syntheses of complexes 1~4

1.3 X-ray crystallography

Suitable single crystals of 1~4 were selected for
X-ray diffraction analysis. Single-crystal X-ray data of
1~4 were collected using an Oxford Xcalibur Gemini
Ultra diffractometer with  graphite-monochromated
Mo Ko radiation (A=0.071 073 nm) at 293 K. The
structures were solved by the direct methods and
refined by full-matrix least-squares on F? using the
SHELXTL-97 program”. The Yb*, NO;™ and Cl~ were
(C, N

and O) were placed from the subsequent Fourier-

easily located, and then non-hydrogen atoms

difference maps. All non-hydrogen atoms were refined
anistropically. Crystallographic data and structure
refinement parameters for the complexes are presented

in Table 1. The SQUEEZE results were consistent

with TG-DSC and elemental analysis. The CH;CN,
CH,Cl,, CH;0H and H,0 molecules
included in the formula for the calculation of intensive
properties. The SQUEEZE
appended to the CIF files.
CCDC:916031,1;916032,2;916034, 3; 916033, 4.

have been

results have been

2 Results and discussion

2.1 Synthesis and spectral analysis

As shown in Scheme 2, complex 1 was synthesized
by the reaction of HoL. with Yb(ClO,);-9H,0 with the
ligand-to-metal molar ratio of 2:1, while complexes 2~
4 were synthesized by the reaction of H,L with Yb(NO;);
-6H,0 or YbCl;-6H,0 and/or NH,PF with the ligand-
to-metal molar ratio of 1:1. In the FT-IR spectra (Fig.
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Table 1 Crystal data and structure refinement for complexes 1~4
Complex 1 2 3 4
Formula CisHeYBCIN,On CosH 12 YbsF 12N 1,004P CooH 10:Yb,ClF 1:NgO2P» CooH 135YbsCIgN 1304
Formula weight 1318.41 2 828.08 2 816.72 3203.11
Crystal system Monoclinic Triclinic Triclinic Triclinic
Space group P2//c Pl Pl Pl
a/nm 1.621 6(3) 1.473 7(7) 1.470 2(12) 1.461 6(14)
b/ nm 1.503 6(3) 1.475 6(7) 1.470(2) 1.469 6(13)
¢ /nm 2.288 7(5) 1.509 6(7) 1.477 5(12) 3.004 5(3)
al () 90 111.873(4) 111.720(18) 87.244(2)
B 106.96(3) 109.822(4) 113.104(12) 79.028(2)
G) 90 101.275(4) 96.377(17) 73.857 0(10)
V / nm? 5.338(2) 2.664(2) 2.603(5) 6.085 5(10)
A 4 1 1 2
D./ (g-cm™) 1.553 1.661 1.663 1.526
w/ mm™ 1.978 3.600 3.727 3.878
F(000) 2 484 1 308 1276 2732

R\, wR, [I>20(])]
R, wR; (all data)
GOF on F?

0.054 2,0.1450
0.091 0, 0.182 6
1.038

0.034 2, 0.085 3
0.063 8, 0.120 1
1.055

0.056 1, 0.1329
0.139 7, 0.184 3
0.921

0.038 1, 0.087 4
0.074 3, 0.143 2
1.030

S1 in Supporting information), the characteristic strong
absorptions of the »(C=N) vibration at 1 643~1 651
em™ for complexes 1~4, are slightly blue-shifted by
17~25 em™ compared to those for the free ligands
(1 626 cm™) upon coordination of the Ln** ion. The
presence of ClO,” in complex 1 as a counter ion was
indicated by its IR spectrum, which shows a strong
characteristic band at 627 ¢m™ for ClO,~. Four bands
around 1 470, 1 385, 1 225 and 742 em™ for complexes
2 and 4 were observed, which can be assigned to
vibrations of coordinated nitrate groups, respectively
(1, v, V3 and v,). In addition, the absorption bands at
844 cm™ for complexes 2 and 3 are attributed to the
stretching vibrations of the PF¢~ anions. TG-DSC
analyses of complexes 1~4 (Fig.S2~S5) reveal that
complex 1 loses a gradual weight loss of 6.16% in the
range of 33~85 °C, which corresponds to the loss of
two methanol molecules and one water molecules
(Caled. 6.53%). The loss of four acetonitrile molecules
(Obsd. 5.78%, Calcd. 5.81%) is observed for 2 in the
range of 33~250 °C. Complex 3 loses two dichloro-
methane molecules and two water molecules in the
temperature range of 33~330 “C (Obsd. 8.90%, Calcd.
7.32%). For 4, the weight loss between 33 and 180 °C

can be attributed to the loss of four dichloromethane
molecules and six methanol molecules (Obsd. 14.90%,
Caled. 15.98%).
2.2 Structural description of complex 1

X-ray crystallographic analysis reveals that
complex 1 crystallizes in a monoclinic space group
P2//c with an ionic mononuclear structure (Fig.1).
Complex 1 is composed of one [Yb(H,L),]’* cation,
three free ClO,~ anions, two crystalline CH;OH and
one H,0 molecules. The Yb* ion is eight-coordinated
to eight oxygen atoms from two ligands forming a
(Fig.1), and

shielded in the outer 0,0, cavity (two phenol oxygen

distorted square antiprism geometry

atoms and two methoxy oxygen atoms) of the ligand,
while the nitrogen atoms of imine remain uncoordinated.
Notably, the two ligands coordinate to the Yb* ion in
a crossover configuration. The dihedral angle between
the coordination planes of two 0,0, cavities is
79.793(1)°.
neighboring aromatic rings in different ligands are
28.330(3)° and 36.974(3)°. The Yb-O bond distances
from phenol and methoxy groups are in the range of
0.221 4(6) to 0.247 2(6) nm and the average distance
is 0.233 6 nm. The three free ClO,™ ions do not parti-

The dihedral angles between the two
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Hydrogen atoms, free ClO, ions and crystalline molecules are
omitted for clarity; Selected bond lengths (nm) and angles (°):
Yh(1)-0(1) 0.223 5(6), Yh(1)-O(2) 0.243 8(6),

Yh(1)-0(3) 0.222 4(6), Yb(1)-0(4) 0.247 2(6),

Yh(1)-0(5) 0.221 4(6), Yb(1)-0(6) 0.243 2(6),

Yh(1)-0(7) 0.221 8(6), Yb(1)-O(8) 0.245 3(6);
O(1)-Yb(1)-0(2) 66 0(3)-Yb(1)-0(4) 66.14(2),
0(5)-Yb(1)-0(6) 66 O(7)-Yh(1)-0(8) 66.9(2)

Fig.1  View of the cationic structure in complex 1
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cipate in the coordination structure but balance the
positive charge of the complex. Noticeably, such an
ionic crossover mononuclear Yb** complex is unique
with a crossover structure involving pure oxygen atoms
coordination. It is similar to the reported mononuclear
complex [Yb (H,L"),CH;OH](Cl0,); (H,L'=N,N’-bis (2-
hydroxy-3-methoxybenzylidene)-1, 3-propanediamine):
the Yb* ion is nine-coordinated to nine-oxygen atoms
from two ligands and one methanol®. Previously, two
kinds of salen type mononuclear lanthanide complexes
[(HLNA (NOs)3]
(H,I2=N, N’ -bis (3-methoxysalicylidene)propane-1, 2-
diamine)™, [Nd(H,L%) (NOs);] (H,L.*=N,N’ -ethylene-bis

(3-methoxysalicylideneimine)™, which are of the neutral

have been reported, e.g. complexes

crab-like structure with a ratio of ligand to lanthanide
of 1:1; [Ce(salophen),] (salophen=N,N’-bis(salicylidene)
-1,2-(phenylenediamine))*"! are of crossover structure
and distorted sandwich structure with a ratio of ligand
to lanthanide of 2:1, in which the Ce ions are +4
oxidation state and the N atoms are coordinated to the
Ce(IV) ions.
2.3 Structural description of complexes 2~4
Single-crystal X-ray diffraction analyses indicate
that complexes 2, 3 and 4 are isomorphous, so only

structure of complex 2 is descripted in detail. Complex

2 crystallizes in a triclinic space group of Pl featuring
a discrete ionic structure with a defect-dicubane Yb,
core. The structural unit is composed of one [Yhy(L),
(NO3),(H,0),

solvate acetonitrile molecules

two free PF¢~ anions, and four
(Fig.2). The [Yby(L),

(NO3)o(H,0),** cation lying about an inversion centre,

cation,

two equivalent Yb,(L), moieties are bridged by two u-
O phenoxide atoms (05 and O5Y) of two salen type
ligands with O, tetradentate mode (Scheme 1) and two
O atoms (09 and 09) of two coordinated u;-OH-
groups, resulting in the formation of a homoleptic
cyclic tetranuclear Yhy(L),(HL), host structure. In each
of two equivalent Ybh, (L)(HL) moieties, two Yb** (Yhl
and Yb2) ions with different coordination environments
are also linked by two u-O phenoxide atoms (01 and
03) of one 12~ ligand with N,O, hexa-dentate mode

and one O atom (09) of the coordinated H,0 molecule.

Hydrogen atoms, free PF¢ ions and crystalline molecules are

omitted for clarity except H41 and H41; Selected bond lengths
(nm) and angles (°): Yb(1)-N(1) 0.243 9(6), Yh(1)-N(2) 0.238 6(7),
Yb(1)-0(1) 0.227 2(5), Yh(1)-0(3) 0.231 2(5),

03
Yh(1)-0(5) 0.229 2(5), Yh(1)-0(6) 0.248 1(5).
Yh(1)-0(9) 0.228 4(5), Yh(1)-0(9%) 0.227 2(4);
Yb(2)-0(1) 0.233 3(5), Yh(2)-0(2) 0.269 5(5),
Yb(2)-0(3) 0.228 3(5), Yh(2)-0(4) 0.264 3(5),
Yh(2)-0(5) 0.239 6(4), Yh(2)-O(7) 0.222 2(5).
Yh(2)-0(8) 0.254 §(5), Yh(2)-0(9) 0.231 7(4),
Yh(2)-0(10) 0.232 7(6): Yb1---Yh2 0.343 0(d),

Ybl---Yb1' 0.370 3(6), Yb2--Yb1' 0.379 1(5);
N(1)-Yb(1)-N(2) 65.8(2), O(1)-Yb(1)-0(3) 69.97(2),
0(1)-Yh(2)-0(3) 69.42(2), 0(2)-Yb(2)-0(5) 143.16(2),
0(7)-Yb(2)-0(8)) 65.85(18), 0(9)-Yb(2)-0(5) 67.51(16);

Symmetry codes: ' —x, -y, —z+2

Fig.2 View of the cationic structure of complex 2
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The unique inner Yb** ion (Ybl) is eight-coordinate
and bound by the N,O, core of the salen type 12~
(05 of MeO group

and 06 of u-O phenoxide atom) from the salen type

ligand in addition to two O atom

ligand and two O atoms of two coordinated H,0
molecule. Meanwhile the outer Yb* ion (Yb2) is nine-
coordinated including seven oxygen atoms from two
outer 0,0, moieties of two salen type ligands, where
four O atoms  (two of MeO groups and two of phenoxide
atoms) are from one salen type ligand and three O
atoms (one of MeO groups and two of phenoxide atoms)
from another salen type ligand. It completes its coor-
dination environment with one O atom from the mono-
dentate NO;~ anion and one O atom from the coor-
dinated H,0 molecule. The unique Yb---Yb distances
are different, with the distances of 0.343 00(4),
0.370 28(6) and 0.379 12(5) nm for Yb1l---Yb2, Ybl
--Yb1' and Yb2:--Yb1, respectively, in which each of
the Ybl --- Yb2 separations in the equivalent Yb,l,
(Yb1:--Ybl' or
Yb2--- Yb1' separation) between two equivalent Yb,l,
moieties. For the inner Yb* ion (YbI or Yb1Y), the Yb
-O bond length (0.227 2(4)~0.228 4(5) nm; O atoms
from coordinated H,O molecule) or the Yb-N bond
lengths (0.238 6(7)~0.243 9(6) nm) are in the range of
the Yb-O bond lengths (0.227 2(5)~0.231 2(5) nm)
with O atoms from the phenoxo groups. For the outer
Yb* ion (Yb2 or Yb2), the Yb-O bond lengths also
depend on the nature of the oxygen atoms, varying
from 0.222 2(5) to 0.269 5(5) nm, in which the bond
lengths (0.254 8(5)~0.269 5(5) nm) from the oxygen
atoms of MeO groups are distinctively longer than those
(0.222 2(5)~0.239 6(4) nm, 0.232 7(6) and 0.231 7(4)

nm) from the phenoxo oxygen atoms, monodentate NOs™

moieties is slightly shorter than that

anion or coordinated H,O molecule. It is interesting to
note the presence of an  ‘apical’ triply bridged H,O
molecule for each of the two central O atoms (09 and
09, which could be shown from the reasonable
directionality of the interactions with three Yb** ions.
Furthermore, as to the cation [Yby(L)s(NOs),(H,0),]**,
the charge is balanced by the protonation of one (N4
or N4 of the imino nitrogen atoms for two of the

deprotonated salen type >~ ligands, which endows the

formation of two strong intramolecular H-bond
interactions with the short N4---O7 distance (0.269 8(10)
nm) (Fig.2). The PF¢ is not involved in the coor-
dination to lanthanide ions, and it plays a charge-
balancing role.

Notably, although complex 2 is isomorphic to
previous reported analog of the salen type homoleptic
tetranuclear complexes, e.g. [Yb,(L),(HL),(NO),(OH),]
(NO3),™! and [Yh,(L),(HL),(u3-OH),CL,]CL™, the PFg
ions instead of NO;~ or Cl~ ions act as the counter
ions balancing the positive charge in 2. Furthermore,
there are obvious differences between the composition
of complexes 2, 3 and 4, e.g. the two coordination
NO;™ anions in 2 are replaced by two Cl™ anions in 3,
while a neutral molecule of [Yb(NOs);(H,0),(CH;0H)]
is crystalline in 4.

2.4 NIR luminescence

The UV-Vis absorption spectra of the ligand H,L
and complexes 1~4 were recorded in CH;0H solution
(Fig.3). For free ligand, the typical absorptions at 220
and 261 nm are attributed to the 7-7* transition of
the aromatic ring and azomethine chromophores. The
peak at 334 nm is attributed to n-7* transition of R
band which belongs to azomethine. For complexes 1~
4, the similar ligand-centered solution absorption
bands (221~226, 264~274, 338~361 nm) are observed
(220, 261 and

334 nm) for ligand due to the changes in the energy

and red-shifted as compared to those

levels of the ligand orbitals upon the coordination.

25

2.0

—
w

Absorbance
5

0.5

oof HL

1 1 1 1 L
250 300 350 400 450 500
Wavelength / nm

¢=1x10" mol - L!

Fig.3 UV-Vis spectra of the ligand H,L and complexes
1~4 in CH;OH solution
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Complexes 2 ~4 show the higher molar absorption
coefficients than that for complex 1, which is attributed
to more ligands in complex 1.

The NIR photoluminescence spectra of complexes
1~4 were recorded with the excited wavelength at 370
nm in the isoabsorptive solution at room temperature.
NIR photoluminescence spectra of complexes 1~4
exhibit that the typical NIR emission bands of Ybh**
ion could be observed at 975 nm which is assigned to
the *Fy,—?F;, transition (Fig.4). Notably, the emission
of Yb* ion in complexes 1 and 4 is not a sharp
transition that well-split NIR emission peaks are
observed, where it appears as a series of bands with
two other broad bands centered around 1 024 and 1 056
nm. Similar results have been proposed in previously
report which is attributed to the crystal-field or stark
splitting™. The absence of the typical Yb* ion excita-
tion bands in the excitation spectra and the ligand-
centered luminescence in the emission spectra of 1~4
reveal the occurrence of the ligand-to-metal energy
transfer. Obviously, the NIR signal of Yb* ion for
complex 1 is the strongest among the four complexes
which can be ascribed to two reasons. Firstly, it might
be owing to the existence of the coordinated counter
ions, such as NO;~ anions and Cl~ anions in 2 ~4,
which are believed to quench the NIR fluorescence.
Secondly, the Yb** ion of complex 1 is well enclosed
in the crossover structure, which contributes to
preventing the NIR luminescence quenching from

450

0011 975 nm

350

250

200 |-

Intensity / a.u.

150 |

100 |

50

2

0 1 1 1
800 900 1000 1100 1200
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Fig4 NIR spectra of complexes 1~4 in CH;OH with the
excited wavelength at 370 nm in the isoabsorptive

solution

solvent molecule effectively. In addition to the steady-
state emission, we also perform time-resolved measu-
rements for complexes 1 and 4 in the NIR region by
using the time-correlated single photon counting
(TCSPC) technique. The decay of the emission band
at 975 nm gives a satisfactory fit to a monoexponential
decay with lifetimes of 2.90 ws for 1 and 2.59 us for
4. The lifetimes of 2 and 3 cannot be obtained due to

the weakness of the signal.
3 Conclusions

We have isolated a series of four salen type
ytterbium complexes featuring an ionic crossover
mononuclear structure for complex 1 and defect-
dicubane core structures for complexes 2~4 through
the self-assembly of the semi-ridged salen type H,L
with various ytterbium salts. It demonstrates that the
flexible ligand and the different ytterbium counter
ions dominate the structures of salen type ytterbium
complexes. All complexes 1~4 exhibit the similar
typical NIR luminescence of Yb** ions proposing that
the energy transfer from H,L to Yb* ions in 1~4 takes
place effectively and the crossover structure and the
defect-dicubane structure can encapsulate the lanth-
anide ions efficiently prevent the NIR luminescence

quenching from solvent molecules.
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