534 B 5 T HL ik 2% 2 Eird Vol.34 No.5
2018 4 5 J1 CHINESE JOURNAL OF INORGANIC CHEMISTRY 997-1006

ZXW £ E Cu()-NdFA Zn(D)-CedDH Salamo EEL S -
B RGN R

WmEL K R T OB A E SR~
(ZMEGBRFAFEAHTRER, 20 730070)

FE. ST 2055 MA &S Salamo B LA ) [Cu(L)Nd(NO3);(C.H;OH)] (1) Fl[Zn (L) (OAc)Ce (NO,),(CH;OH)] (2)(H,L=0,0' -
(ethane-1,2-diyl)bis(1-(3-ethoxy-2-hydroxyphenyl)-3-ethoxy-2-hydroxybenzaldehyde oxime)), I3 i 5T 43 7 £L40 540 560 0%
FX SR B AR 2 AT T RAE, WA 12X BRI BUZ S5 1, e Cu(I) LT 2 T C A7 LA 7 GCHRL T 1 D 77 JL Ao Ay 75
B (2 | A AT — L it i 500 - i LA B BCA 4 2 R AN X AR 1 XU S5 4, Zn(IDJ5F 9 LA BA —Fh
Ao DU Tk = A U A 2 ] 8 LA 4G B Ce(DBR 2 T BE A 2R T — Rl it iy X0 -+ Z Ul kg B S ISR L, 7R
K 318 nm BIECEW 1 A T JEOLVEK MG 2 B0 2E6HT 5

*ﬁgﬁl Salamo ﬂgﬂﬁ:, 3d-4f@a/u\“%, ﬁﬁi, EIEIEIMKé§$@, 25k I
FESES. 0614.121; 0614.33'5; 0614.241; 0614.3372 XHERFRIRAS . A XEHS . 1001-4861(2018)05-0997-10
DOI:10.11862/CJIC.2018.125

Heterobimetallic Cu(I)-Nd(@) and Zn(I)-Ce() Salamo-Type Complexes:
Syntheses, Crystal Structures and Fluorescence Properties
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Abstract: Heterobinuclear 3d-4f complexes having chemical formulae [Cu(L)Nd(NOs);(C,;HsOH)] (1) and [Zn(L)
(OAc)Ce(NO;),(CH;0H)] (2) with a Salamo-type ligand 0,0’ -(ethane-1,2-diyl)bis (1-(3-ethoxy-2-hydroxyphenyl)-3-
ethoxy-2-hydroxybenzaldehyde oxime) (H,l)were synthesized, and characterized by elemental analyses, IR, UV-
Vis, fluorescence spectra and X-ray crystallography. Complex 1 is an asymmetrical dinuclear complex, the
pentacoordinate Cu(Il) ion has a slightly distorted square pyramidal geometry, and deca-coordinated Nd(Il) ion
possesses a distorted bicapped twelve surface geometry. Complex 2 is also an asymmetrical dinuclear complex,
the penta-coordinate Zn(Il) ion bears a distorted square pyramidal geometry too, and deca-coordinated Ce(lll) ion
adopts a distorted bicapped twelve surface geometry. Compared with the ligand H,L, complex 1 showed

fluorescence quenching, while complex 2 exhibited the fluorescence enhancement when the excitation wavelength

is 318 nm. CCDC: 1815944, 1; 1815943, 2.
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0 Introduction

Much recent interests have been focused on 3d
transition metal complexes with Salen-""" or Salamo-
type™? ligands, which have potential applications,
such as luminescent™ and magnetic™* materials,
supramolecular architectures™?', biological fields™*),
molecular recognitions™*! and electrochemistries**!,
Because of the high coordination ability of phenoxy
groups, many central metals can be coordinated to
form heteronuclear metal complexes’,

Because the f~f transitions of lanthanide ions are
parity forbidden, the absorption coefficients are very
low and the emissive rates are slow?!, suitable organic
ligands must be well-designed to strengthen lumine-
scent intensity, which act as sensitizers to excite
lanthanide ions (antenna effect).

Herein, two kinds of hetero-bimetallic 3d-4f com-
plexes containing a Salamo-type ligand 0,0’ -(ethane-
1, 2-diyl)bis (1-(3-ethoxy-2-hydroxyphenyl)-3-ethoxy-2-
hydroxybenzaldehyde oxime) (H,L) were synthesized
and structurally characterized. Furthermore, their

fluorescence properties were investigated.
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Scheme 1 Structure of the ligand H,L

1 Experimental

1.1 Materials and physical measurements
3-Ethoxybenzaldehyde (99%) was purchased from
Alfa Aesar and used without further purification.
Ethanol and methanol and other reagents and solvents
were analytical grade reagents from Tianjin Chemical
Reagent Factory. C, H and N analyses were obtained
using a GmbH VarioELL V3.00 automatic elemental
analysis instrument. Elemental analyses for metals
were monitored with an IRIS ER/S-WP-1 ICP atomic
emission spectrometer. Melting points were acquired

by the use of a microscopic melting point apparatus

made in Beijing Taike Instrument Limited Company
and were uncorrected. IR spectra were recorded on a
Vertex70 FT-IR  spectrophotometer, with

prepared as KBr (500~4 000 ¢cm™). UV-Vis absorption
spectra were recorded on a Shimadzu UV-3900

samples

spectrometer. Fluorescence spectra in solution were
recorded on a Hitachi F-7000 spectrometer. '"H NMR
spectra were determined by a German Bruker
AVANCE DRX-400 spectrometer.
1.2 Synthesis and characterization of H,L

The Salamo-type ligand H,L. was synthesized
according to an analogous method reported earlier™,
A solution of 1,2-bis(aminooxy)ethane (276.0 mg, 3.0
mmol) in ethanol (10 mL) was added to a solution of
3-ethoxybenzaldehyde (996.0 mg, 6.0 mmol) in ethanol
(20 mL), and the mixture was heated at 55~60 °C for
Sh. After cooling to room temperature, the precipitate
was filtered off, and white crystalline H,L. was obtained.
Yield: 784.0 mg, 67.3%. m.p. 462~463 K. Anal. Calcd.
for CyHyuN,04(%): C, 61.84; H, 6.23; N, 7.21. Found
(%): C, 61.80; H, 6.30; N, 7.19. 'H NMR (400 MHz,
CDCly): 6 1.47 (t, J=4 Hz, 6H, CH3), 4.11 (dd, J=4, 8
Hz, 4H, CH,), 4.46 (s, 4H, CH,), 6.82 (m, 3H, ArH),
6.88 (m, 3H, ArH), 8.26 (s, 2H, CH=N), 9.68 (s, 2H,
OH). IR (KBr, em™): 1 611 (vcwy), 1 248 (vy0). UV-
Vis (MeCN, 10 wmol-L™), A,./nm: 270, 319.
1.3 Synthesis of complex 1

The ligand H,L (19.4 mg, 0.05 mmol) was disso-
lved in 5 mL of ethanol and stirred with ethanol solution
(5 mL) of Cu(OAc),-2H0 (10.3 mg, 0.05 mmol) and
Nd(NOs);-6H,0 (22.6 mg, 0.05 mmol), filtered to get a
dark green solution. Through partial solvent evapora-
tion, single crystals suitable for X-ray diffraction anal-
ysis were obtained after several days. Yield: 60.3%.
Anal. Caled. for CpHxNdCuNsO,(%): C, 31.98; H,
3.42; N, 8.48. Found(%): C, 32.24; H, 3.29; N, 8.43.
1.4 Synthesis of complex 2

The synthesis of complex 2 is similar to that of
complex 1, except that the solvent is replaced. The
ligand was dissolved in acetone, while the metal salts
Zn(0OAc), and Ce(NOs); were dissolved in methanol.
White crystals of complex 2 were collected. Yield:
58.6%. Anal. Caled. for C3HxCeZnN,0,5(%): C, 34.23;
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H, 3.62; N, 6,94. Found(%): C, 34.39; H, 3.47; N, 6.82.
1.5 X-ray crystallography

The single crystals of complexes 1 and 2 were
placed on a Super Nova Dual Eos four-circle diffracto-
meter. The diffraction data were collected using a
graphite monochromated Mo Ka radiation (A=0.710 73
nm). Data collection and reduction were performed

using CrysAlisPro and then processed with Olex2. The

structures were solved with SHELXS-2008 and refined
with SHELXL-20145.  All non-hydrogen atoms were
refined anistropically and hydrogen atoms were added
in calculated positions and refined using a riding
model. The crystallographic data and structural refine-

ments for complexes 1 and 2 are listed in Table 1.

CCDC: 1815944, 1; 1815943, 2.

Table 1 Crystallographic data and refinement parameters for complexes 1 and 2

Complex 1 2
Empirical formula CHxNdCuN;sO 6 CxHxCeZnN,Oys
Formula weight 826.27 806.99
Crystal system Monoclinic Triclinic
Space group P2i/n Pl
a/ nm 0.942 91(3) 0.905 77(8)
b/ nm 1.528 96(4) 1.203 32(13)
¢/ nm 2.135 12(4) 1.547 57(13)
al (%) 99.496(8)
B/ 92.353(2) 102.562(7)
v /(% 111.854(9)
V [/ nm® 3.075 55(14) 1.470 7(3)
A 4 2
D./ (g cm?) 1.784 1.822
o/ mm™ 2.441 2.422
F(000) 1 648 806
Crystal size / mm 0.24x0.22x0.15 0.21x0.14x0.12
0 range / (°) 3.43~26.02 3.52~26.02
Limiting indices -1l sh<9-13<k=<18,-16<[<26 “-llsh=<s1l,-l4<k<11,-19s<[< 18
Independent reflection 6 053 5765
Completeness to 6 / % 99.68 99.75
Data, restraint, parameter 6 053, 30, 434 5765, 3, 404
GOF on F? 1.035 1.026
Final R indices [I>20(])] R=0.035 2, wR=0.058 7 R=0.034 5, wR=0.064 9
Largest diff. peak and hole / (e-nm™) 650 and -510 470 and -840

2 Results and discussion

2.1 IR spectra

IR spectra of H,L. and its corresponding
complexes 1 and 2 exhibited various bands in the
region of 4 000~400 cm™ (Fig.1). The O-H stretching
band of the free ligand H,l. was observed at 2 981
cm ™' that belongs to the phenolic hydroxyl group,
whereas complexes 1 and 2 showed a vibration band

at 3 413 and 3 402 cm™ that belong to coordinated

ethanol or methanol molecules.
The free ligand H,L exhibited characteristic C=N
stretching band at 1 611 em™ , which is shied by 5~7

em™ in complexes 1 and 2, respectively, indicating
that the nitrogen atoms of C=N group are coordinated
to the Cu(I) or Zn () ions, which is similar to
previously reported metal(ll) complexes™.

The Ar-O stretching frequency appeared at 1 248
em ™ for the ligand H,L, while the Ar-O stretching

frequencies in complexes 1, and 2 are observed at
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Fig.1 IR spectra of H,L and its complexes 1 and 2

1233 and 1 242 em™, respectively. The Ar-O stretching
frequencies are shifted to lower frequencies, indicat-
ing that the Cu-O or Zn-O bonds are formed between
the metal (I) ions and oxygen atoms of phenolic
groups.
2.2 UV-Vis absorption spectra

The absorption spectra of H,L. and its complexes
1 and 2 in diluted acetonitrile solution are shown in
Fig.2. The free ligand H,L showed three absorption
bands at 222, 270 and 319 nm. The peaks at 222 and
270 nm can be assigned to the 7-7* transitions of the
benzene rings and the latter peak at 319 nm can be
assigned to intra-ligand 7r-7* transition of the oxime
groups™. Compared with the absorption peaks of H,L,
with the emergence of the first absorption peaks at ca.
276 and 277 nm were observed in complexes 1 and 2,
respectively. These peaks are bathochromically shifted,
indicating coordination of the ligand moieties with

metal (II) ions. The absorption peaks at ca. 270 and
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Fig.2 UV-Vis absorption spectra of H,L and its

complexes 1 and 2 in acetonitrile (10 mol-1.”")

319 nm were absent in complexes 1 and 2. Meanwhile,
new absorption peaks were observed at ca. 344 and
350 nm in complexes 1 and 2, may be due to L—M
charge-transfer transitions, which are characteristic of
the transition metal complexes with Salen-type N,O,
coordination spheres.
2.3 Description of the crystal structures
2.3.1 Crystal structure of complex 1

Selected bond lengths and angles for complex 1
are presented in Table 2. Complex 1 crystallizes in
the monoclinic system, space group P2/n, An
asymmetric unit of complex 1 includes one completely
deprotonated L unit, one Cu(ll) atom (Cul), one NA(II)
ion (Nd1), three NO5™ ions and one coordinated ethanol
molecule. The crystal structure of complex 1 and
geometries of metal atoms are shown in Fig.3.

Cul atom was penta-coordinated by inner N0,
(N1, N2, O1 and O5) cavity from the deprotonated 1.>-
(016) of the coordinated

ethanol molecule. According to the calculation of

unit and one oxygen atom

structural index parameter 7,=0.196, Cul atom adopts

Hydrogen atoms and solvent molecules are omitted for clarity

Fig.3 (a) Molecule structure and atom numberings of
complex 1 with 30% probability displacement
ellipsoids; (b) Coordination polyhedron for Cu(ll)
and Nd() ions of complex 1
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Table 2 Selected bond lengths (nm) and angles (°) for complexes 1 and 2
1

Nd1-01 0.255 2(3) Nd1-08 0.256 8(3) Cul-02 0.194 7(2)

Nd1-02 0.240 1(2) Nd1-010 0.254 0(3) Cul-05 0.194 1(2)

Nd1-05 0.241 0(2) Nd1-011 0.255 0(3) Cul-016 0.227 8(3)

Nd1-06 0.259 7(3) Nd1-013 0.256 6(3) Cul-N1 0.194 3(3)

Nd1-07 0.256 5(3) Nd1-014 0.253 8(3) Cul-N2 0.199 2(3)
01-Nd1-06 144.77(8) 05-Nd1-013 73.89(9) 013-Nd1-08 146.81(9)
01-Nd1-07 111.40(9) 05-Nd1-014 115.12(9) 014-Nd1-01 76.08(9)
01-Nd1-08 71.29(9) 07-Nd1-06 103.25(9) 014-Nd1-06 70.49(8)
O1-Nd1-013 78.68(9) 07-Nd1-08 49.26(9) 014-Nd1-07 169.61(9)
02-Nd1-01 63.53(8) 07-Nd1-013 137.16(9) 014-Nd1-08 131.22(9)
02-Nd1-05 64.74(8) 08-Nd1-06 141.38(8) 014-Nd1-010 100.70(9)
02-Nd1-06 121.84(8) 010-Nd1-01 123.68(9) 014-Nd1-011 66.50(10)
02-Nd1-07 75.64(9) 010-Nd1-06 74.32(9) 014-Nd1-013 49.88(8)
02-Nd1-08 81.52(9) 010-Nd1-07 69.26(9) 02-Cul-016 95.55(12)
02-Nd1-010 144.19(9) 010-Nd1-08 70.48(9) 02-Cul-N2 161.42(12)
02-Nd1-011 141.02(11) 010-Nd1-011 49.73(10) 05-Cul-02 83.01(10)
02-Nd1-013 72.52(9) 010-Nd1-013 140.90(9) 05-Cul-016 88.39(11)
02-Nd1-014 114.64(9) O11-Nd1-01 80.36(10) 05-Cul-N1 173.19(12)
05-Nd1-01 126.50(8) 011-Nd1-06 95.95(10) 05-Cul-N2 87.78(11)
05-Nd1-06 62.24(7) O11-Nd1-07 106.83(10) N1-Cul-02 90.18(12)
05-Nd1-07 66.90(9) 011-Nd1-08 73.00(10) N1-Cul-016 92.04(13)
05-Nd1-08 113.36(8) O11-Nd1-013 115.97(9) N1-Cul-N2 98.83(13)
05-Nd1-010 106.10(9) 013-Nd1-06 71.53(9) N2-Cul-016 100.29(14)
05-Nd1-011 153.13(10)

2

Cel-01 0.266 4(2) Cel-09 0.262 0(3) Zn1-02 0.199 7(3)

Cel-02 0.244 1(2) Cel-010 0.262 4(3) Zn1-05 0.205 0(2)

Cel-05 0.243 0(3) Cel-012 0.272 7(3) Zn1-08 0.197 4(3)

Cel-06 0.274 4(3) Cel-013 0.256 4(3) Zn1-N1 0.210 5(3)

Cel-07 0.244 4(2) Cel-032 0.260 6(3) Znl1-N2 0.206 1(3)
01-Cel-06 146.10(8) 07-Cel-01 127.32(8) 013-Cel-010 74.20(10)
01-Cel-012 69.61(9) 07-Cel-06 85.03(8) 013-Cel-012 48.02(10)
02-Cel-01 60.92(8) 07-Ce1-09 141.59(10) 013-Ce1-032 80.10(10)
02-Cel-06 124.37(8) 07-Cel-010 149.63(9) 032-Cel-01 71.47(8)
02-Cel-07 81.56(8) 07-Cel-012 112.84(9) 032-Cel-06 141.20(8)
02-Cel-09 84.83(9) 07-Cel-013 81.42(9) 032-Cel-09 145.19(9)
02-Cel-010 127.05(9) 07-Cel-032 63.90(9) 032-Cel-010 127.23(10)
02-Cel-012 124.67(9) 09-Cel-01 73.88(9) 032-Cel-012 66.18(9)
02-Cel-013 154.73(10) 09-Cel-06 73.50(9) 02-Zn1-05 79.75(10)
02-Cel-032 75.68(9) 09-Cel-010 48.14(10) 02-Zn1-N1 87.49(12)
05-Cel-01 115.68(8) 09-Cel-012 104.46(10) 02-Zn1-N2 136.25(12)
05-Cel-02 64.38(8) 010-Cel-01 80.85(9) 05-Zn1-N1 160.94(12)
05-Cel-06 60.13(8) 010-Cel-06 70.63(9) 05-Zn1-N2 85.54(12)
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Continued Table 2

05-Cel-07 71.67(9) 010-Cel-012 62.27(9) 08-Zn1-02 110.44(11)
05-Cel-09 70.04(10) 012-Cel-06 110.32(8) 08-Zn1-05 95.00(11)
05-Cel-010 108.94(9) 013-Cel-01 117.54(9) 08-Zn1-N1 102.75(12)
05-Cel-012 169.71(8) 013-Ce1-06 72.37(9) 08-Zn1-N2 111.73(13)
05-Ce1-013 126.41(10) 013-Cel-09 119.81(10) N2-Zn1-N1 94.17(13)
05-Cel1-032 123.37(9)

a slightly distorted square pyramidal configuration,
which N0, site occupies the basal plane and 016 is
in the axial position. The bond lengths of Cu-N bonds
are in the range of 0.194 3(3)~0.199 2(3) nm, and
those of Cu-O bonds are in 0.194 1(2)~0.227 8(3) nm
with longer bond exists in the axial position. In
addition, the angles of N1-Cul-016 and 05-Cul-016
are 92.04(13)° and 88.39(11)°, respectively, nearly
equal to the upright angle. Compared with crystal
structures of other analogous, acetate ions no longer

BT or as

bridge two metal ions in a common p,-fashion
a terminal monodentate ligand, which does not
participate in the coordination of complex 1. Ndl
atom is deca-coordinated with outer O, site (01, 02,
05 and 06) and six oxygen atoms provided by three
bidentate NO;™ ions (07, 08, 010, O11, O13 and 014),
showing a distorted bicapped twelve surface geometry.
The Nd-O bond lengths are in the range of 0.240 1(2)
~0.259 7(3) nm, as can be seen from Fig.3b the
distances are close to each other.

2.3.2  Crystal structure of complex 2

Selected bond lengths and angles for complex 2
are presented in Table 2. Complex 2 crystallizes in
the triclinic system, space group Pl. The crystal
structure of complex 2 and geometries of metal atoms
are shown in Fig.4.

For complex 2, an asymmetric unit includes a
fully deprotonated L~ unit, one Zn(Il) ion (Zn1), Ce(ll)
ion (Cel), one u,-acetate ion, two NO;™ ions and one
coordinated methanol molecule. Five donor atoms (N1,
N2, 02, 05 and O8) of Zn1 atom come from N,O, cavity
and the u,-acetate ion, respectively. The structural
index parameter 7, is equal to 0.412 by calculated. It
is well known that the geometry of pentacoor-dinated
complex is decided by geometric parameter 7, when

7=0, metal ions adopt square pyramidal configuration,

when 7=1, will adopt the trigonal bipyramidal geometry.
Herein, the 7 value is closed to 0.5, indicating that
the geometry of Znl atom is distorted square
pyramidal configuration, where N,O, are basal plane
and O8 occupies the axial position. The bond lengths
of Zn-N bonds are 0.206 1(3) and 0.210 5(3) nm, and
those of Zn-O bonds is in the range of 0.197 4(3)~
0.205 0(2) nm, which are obvious shorter than Zn-N.
It is worth noting that the angle of 05-Znl-N1 is
160.94(12)°, which is relatively close to 180°, also
implying that the geometry of Znl atom possesses

square pyramidal.

Hydrogen atoms and solvent molecules are omitted for clarity

Fig.4 (a) Molecule structure and atom numberings of
complex 2 with 30% probability displacement
ellipsoids; (b) Coordination polyhedron for
Zn(Il) and Ce(ll) ions of complex 2
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The coordination number and geometry of Cel
atom are same with Nd1 of complex 1, and both of
them adopt a deca-coordinated bicapped twelve surface
geometry. The differences are one methanol molecule
and one uy-acetate ion coordinated with Cel. The bond
lengths of Ce-O bonds are in the range of 0.243 0(3)~
0.274 4(3) nm, while Cel-02 and Cel-O5 have a
shortest bond lengths and Cel-06 are the longest.

2.4 Supramolecular interactions
2.4.1 Supramolecular interaction of complex 1

As shown in Fig.5 and 6, the self-assembling
array of complex 1 is linked by intramolecular
hydrogen bonds and intermolecular interactions. The
hydrogen bond data and intermolecular interaction
data are given in Table 3. In the crystal structure,
intramolecular  hydrogen  bond

there are eight

Symmetry codes: #1: 2—x, 2—y, —z; #2: —=1/2+x, 3/2—y, —=1/2+z; #3: 2—x, 1y, —z; #4: 1+x, v, 2z

Fig.5 (a) View of the intramolecular hydrogen-bonding interactions of complex 1;

(b) View of intermolecular interactions of complex 1

Table 3 Intra- and inter-molecular hydrogen geometries for complexes 1 and 2

Complex D-H---A d(D-H) / nm dH---A) / nm d(D---A) / nm £DHA /(%)

1 016-H16---013 0.085(5) 0.217(3) 0.282 9(4) 135(5)
016-H16A---013 0.084(4) 0.223(4) 0.282 9(4) 129(4)
C2-H2A---014 0.097 00 0.260 0.327 7(5) 127
C9-H9---012#2 0.093 00 0.234 0.324 7(5) 166
C10-H10B---014#2 0.097 00 0.256 0.334 2(5) 137
CI12-H12---07#1 0.093 00 0.237 0.324 1(4) 157
C16-H16B---08#3 0.093 00 0.254 0.339 9(5) 153
C22-H22F---0O15#4 0.096 00 0.252 0.344 8(11) 163
CI1-H11A---Cgb 0.096 00 0.282 0.338 9(5) 119

2 032-H32---07 0.085(3) 0.236(4) 0.267 5(4) 102(3)
032#5-H32---011#5 0.085(3) 0.207(3) 0.28 55(5) 153(4)
C2-H2B---012 0.097 00 0.236 0.307 5(5) 130
C10-H10A---08 0.097 00 0.241 0.334 0(5) 159
C12-H12---014#6 0.093 00 0.253 0.332 5(7) 144
C10-H10B---O12#7 0.097 00 0.258 0.353 9(6) 169
C19-H19B---013 0.097 00 0.239 0.302 6(6) 122

Symmetry codes: #1: 2—x, 2—y, —z; #2: —1/24x, 3/2—y, —=1/2+4z; #3: 2—-x, 1y, —z; #4: 1+x, v, z for 1; #5: l+x, y, z; #6: x, 1+y,

z; #7: 1+x, 14y, z for 2.
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interactions: 016-H16---013, 016-H16A---013, C2-
H2A--- 014, C9-H9--- 012#2, C10-H10B --- O14#2,
C12-H12---07#1, C16-H16B---O8#3 and C22-H22F
-+ O15#4 1301 (Table 3),

involving the coordinated ethanol molecule and NO;~

which is shown in Fig.5

ions in each molecule. There is also one intermolecular
C-H---7 (C11-H11A---Cgb6) interaction. The molecule
is interlinked through intermolecular C-H---7 interac-

tions into an infinite 1D chain (Fig.6).

Symmetry codes: 2-x, 2—y, —

Fig.6  View of intermolecular C-H--7r interactions of

complex 1

2.4.2  Supramolecular interaction of complex 2
In the crystal structure of complex 2, there are

seven intra- and inter-molecular hydrogen bond

Symmetry codes: #5: 1+x, y, z; #6: x, 1+y, z; #7: 1+x, 1+y, z

Fig.7 (a) View of the intramolecular hydrogen-bonding
interactions of complex 2; (b) View of

intermolecular interactions of complex 2

interactions: 0O32-H32--- 07, O32#5-H32--- O114#5,
C2 -H2B --- 012, C10-H10A --- 08, C10 -H10B ---
012#7, C12-H12---014#6 and C19-H19B--- O13#6,
which are show in Table 3%, Due to the presence of
the methanol molecule, hydrogen bonds constructed
(Fig.7). The hydrogen bonds make

the crystal structure of complex 2 more stable.

via the hydroxyl

2.5 Fluorescence properties

The fluorescence properties of H,L and its comp-
lexes 1 and 2 were investigated in acetonitrile (10
pmol - L) with excitation at 318 nm at room tempera-
ture (Fig.8). The ligand exhibited an intense emission
peak at 384 nm, which should be assigned to the
intraligand 7-77* transition. The emission spectra of
complex 2 showed one main peak at 389 nm (A.=
318 nm). Meanwhile, it can be seen that complexes 1
and 2 exhibit a red-shift with respect to the ligand
H,L, which is tentatively assigned to a ligand-to-metal
(LMCT). In addition, compared with

the emission spectrum of H,L, the enhanced fluore-

charge transfer

scence intensity of complex 2 was observed, which is
attributed to the following reasons: (1) the more
rigidity of the ligand coordination to Zn(Il) ion that
effectively reduces the loss of energy and increase the
emission efficiency; (2) the full d* electronic config-
uration of Zn(Il) ion; (3) an increased rigidity in
structure of complex 2 and a restriction in the photo-
induced electron transfer (PET)®. In addition, the

differences of the peak positions may be considered to
3000~
2500 .
2000: /
1 500-
\ —H,L

\ — — complex 1
' —---complex 2

1000 -

Fluorescence intensity / a.u.
.

500

350 400 450 500 550
Wavelength / nm

Fig.8 Emission spectra of H,l. and its complexes 1 and 2

in acetonitrile solutions (10 wmol-L™) at room

temperature



W EAELE Z 004 8 CuD-NAIAT Zn()-Ce(AY Salamo %I FL & 4 .

%5

B ARG R RN D e IR 1005

be a result of the dissimilar coordination of the metal
centers because the emission behavior is closely
associated to the metal ions and ligand 1> units around
them. Compared with the free ligand H,L, an extremely
weak fluorescence intensity of complex 1 was
observed, indicating that fluorescent characteristic has

been influenced by the introduction of the Cu(Il) ion.
3 Conclusions

Two new heterobinuclear 3d-4f complexes were
prepared by the one-pot reaction of a Salamo-type
ligand H,L. with lanthanide (I) nitrate and zinc (II)
acetate or copper(ll) acetate, respectively. The crystal
structures of complexes 1 and 2 were confirmed by X-
ray single crystal diffraction, and in complexes 1 and
2, Cu(ll) and Zn(Il) ions are both penta-coordinated
with a distorted square pyramidal geometry and the

Nd () and Ce (Il ions are both deca-coordinated
adopting a distorted bicapped twelve surface geometry.
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