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Reaction of the N-tosyl-1,2-diaminopropane or N-tosyl-1,2-diaminobenzene with salicylalde-
hyde forms two new asymmetric sulfonamide Schiff bases, N-[2-(2-hydroxybenzylideneami-
no)propyl]-4-methylbenzenesulfonamide  (H,L') and  N-[2-(2-hydroxybenzylideneamino)
phenyl]-4-methylbenzenesulfonamide (H,L?). Two new complexes [CuL*(H,0)] (x=1 for 1,
x=2 for 2) constructed from H,L"* have been prepared and characterized via X-ray single-
crystal diffraction, elemental analysis, FT-IR, UV-Vis, TGA, quantum chemical calculations,
and photoluminescence measurements. Weak C—H - - -7, hydrogen bonds, 7—, and Cu---O
weak interactions lead to 3-D supramolecular architecture, 1, and 1-D double chain, 2.

Keywords: N-tosyl-1,2-propanediamine; N-tosyl-o-phenyldiamine; Sulfonamide Schiff base;
Quantum chemical calculation; Fluorescence

1. Introduction

Metal complexes with Schiff bases played an important role in the development of
coordination chemistry [1-9] and a number of reviews [3, 7, 10-12] have been reported
on salen like Schiff-base complexes. The salen and sulfonamide Schiff-base ligands are
electronically very different. There have been many reports on transition metal
complexes with sulfonamide Schiff bases [13, 14], mainly focused on two types of
sulfonamide Schiff base, one derived from condensation of 2-tosylaminobenzaldehyde
and diamines [15-19] and the other from condensation of N-tosyl-diamine and
aldehydes [20-22].

As part of our study on the coordination chemistry of Schiff bases, we recently turned
our attention to asymmetric sulfonamide Schiff bases in contrast to salen. There have
been few reports on asymmetric Schiff bases derived from 1,2-diaminopropane or
o-phenyldiamine [23-26]. In this work, two new asymmetric sulfonamide Schiff
bases N-[2-(2-hydroxybenzylideneamino)propyl]-4-methylbenzenesulfonamide (H,L")
and  N-[2-(2-hydroxybenzylideneamino)phenyl]-4-methylbenzenesulfonamide ~(H,L?)
(scheme 1) were obtained, and two complexes [CuL*(H,O)] (x=1 for 1, x=2 for 2)
have been prepared and characterized. Weak C-H - - -, hydrogen bonds, 7—m, and
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Scheme 1. H,L' and H,L>2.

Cu- - - O weak interactions lead to 3-D supramolecular architecture, 1, and 1-D double
chain, 2, respectively.

2. Experimental

2.1. Materials

All solvents and 1,2-propanediamine, o-phenyldiamine, tosyl chloride, Cu(NO3), - 3H,O
were commercial products and used without purification. Cu(ClQOy),-6H,O was
prepared by reaction of Cu,(OH),COj5 and dilute HCIOy,.

2.2. Analyses and physical measurements

C, H, and N elemental analyses were performed on a Vario EL-III analyzer. Infrared
spectra were recorded as KBr pellets on a Nicolet Avatar 360 spectrophotometer in the
range 4000-400cm~'. UV-Vis absorptions were recorded on a SHIMADZU UV-1700
spectrophotometer. Luminescence emission and excitation spectra were recorded
with a Perkin-Elmer LS55 Iluminescence spectrometer at room temperature.
Thermogravimetric analysis was performed on a Q1000 DSC with a heating rate of
10°C min~" under N,.

2.3. Synthesis

2.3.1. N-[2-(2-hydroxybenzylideneamino)propyl]-4-methylbenzenesulfonamide ~ (H,L").
N-tosyl-1,2-diaminopropane was prepared similar to the synthesis of N-tosyl-
ethylenediamine [27]. The slimy crude product was recrystallized twice from ethanol—
water (V/V =1:1) and white precipitate collected by filtration. H,L' was obtained by
refluxing an ethanol solution (30 mL) of N-tosyl-propyldiamine (0.228 g, 1 mmol) and
salicylaldehyde (0.122 g, 1 mmol) for 1 h. The resulting yellow solution containing the
product was concentrated with a rotary evaporator and used without purification.

2.3.2. N-[2-(2-hydroxybenzylideneamino)phenyl]-4-methylbenzenesulfonamide  (H,L?).
N-tosyl-1,2-diaminobenzene was prepared according to the literature method [28].
H,L? was obtained by refluxing an ethanol solution (60 mL) of N-tosyl-propyldiamine
(1.31g, 5mmol) and salicylaldehyde (0.61g, Smmol) for 2h; yellow precipitation



08:10 23 January 2011

Downl oaded At:

Asymmetric sulfonamide Schiff base 2711

formed after cooling the solution. It was collected and dried in air, m.p. 139.3-140.1°C.
Anal. Caled for C;¢HsN,O3S (%): C, 60.38; H, 5.660; N, 8.805. Found: C, 60.52;
H, 5.487; N, 8.595.

2.3.3. [CuL'(H,0)] (1). To a methanol solution (3mL) of salicylaldehyde (0.122 g,
1 mmol), an aqueous solution (3 mL) of Cu(NO3),-3H,0 (0.242 g, 1 mmol) was added
slowly. The solution turned from light yellow to bright green. The mixture was stirred at
60°C for 30min and then 0.15mL pyridine was added. After 20min, a methanol
solution (10mL) of N-tosyl-1,2-diaminopropane (0.228 g, 1 mmol) was added and
solution was stirred for an additional time of 3 h. Dark green crystals were collected
from the filtrate 2 days later. Block-shaped crystals suitable for X-ray diffraction were
obtained after 3 days by standing the filtrate in a vacuum flask in a 70°C water bath,
collected, and air dried. Anal. Calcd for C{7H,)N>O4,SCu (%): C, 49.81; H, 4.396;
N, 6.838. Found: C, 49.75; H, 4.099; N, 6.606.

2.3.4. [CuL}(H,0)] (2). To an ethanol solution (20mL) of H,L? (0.318 g, l mmol), an
ethanol solution (10 mL) of Cu(ClOy),-6H,0 (0.37 g, 1 mmol) was added slowly. The
mixture was refluxed under continuous stirring for 3h with change from yellow to
brown-green. Needle-shaped crystals suitable for X-ray diffraction were obtained after
2 days, collected by filtration and air dried. Anal. Calcd for C,gH;sN,O4SCu (%):
C, 53.99; H, 4.040; N, 6.285. Found: C, 53.98; H, 3.969; N, 5.983.

2.4. Single-crystal X-ray diffraction studies

The crystal determination was performed at room temperature on a Bruker Smart
APEX CCD diffractometer using graphite monochromated Mo-Ko radiation
(#=0.71073 A). Absorption corrections were made using SADABS [29] and structures
were solved by direct methods and refined by full-matrix least-squares based on F>
using SHELX-97 [30]. All non-hydrogen atoms were anisotropically refined; hydrogens
were included at geometrically calculated positions and refined using a riding model
except those of water. The crystal data, experimental details, refinement results, and
details of structure determinations are shown in table 1. Selected bond lengths and
angles are listed in table 2.

3. Results and discussion

3.1. Quantum chemical calculations of N-tosyl-1,2-diaminopropane

1,2-diaminopropane is an asymmetrical diamine, when reacted with tosyl chloride,
isomers possessing configuration I and II (scheme 2) may be produced.
Possible configurations were studied using B3LYP [31] of density functional theory
(DFT) with the 6-31G basis set [32]. The calculations were done using Gaussian 03 [33].
The frequency analysis was performed on the optimized structures and there is no
imaginary frequency for each structure. The theoretical calculation shows that the total
energies are —2752674.11 and —2752690.64kJmol ™', and the dipole moments are



08:10 23 January 2011

Downl oaded At:

2712

S.-N. Li et al.

Table 1. Crystal data and structure refinements for 1 and 2.

Identification code
Empirical formula
Formula weight
Temperature (K)
Wavelength (A)
Crystal system
Space group .
Unit cell dimensions (A, °)

a

b

C

B
V(A%
zZ
DCalcd(Mg m73)
Absorption coefficient (mm ™)
F(000)
Crystal size (mm?)
Limiting indices

Reflections collected
Independent reflections
Completeness to 6 =25.09
Data/restraints/parameters
Goodness-of-fit on F*
Final R indices [I > 20(])]
R indices (all data)
Largest difference peak
and hole (e A™2)

1
C17H20CUN204S
411.95

296(2)

0.71073
Monoclinic

C2/c

18.460(18)
12.647(13)
15.94(2)
95.614(17)
3704(7)

8

1.478

1.315

1704

0.36 x 0.30 x 0.18

=21<h<2l; -6<k<15;
—17<I1<19

8330

3272 [Rinyy = 0.1570]

99.1%

3272/3/205

1.003

R;=0.0951, wR,=0.2334

R;=0.1534, wR,=0.2740

1.072 and —1.173

2

Con 1 8CuNZO4S
445.96

296(2)

0.71073
Monoclinic
P2(1)/c

6.1402(9)

16.870(3)

17.822(3)

94.349(3)

1840.8(5)

4

1.609

1.330

916

0.23 x0.12 x 0.06

—7<h<4; —18<k<20;
—21</<20

9213

3281 [R(iny = 0.0576]

99.9%

3281/2/226

1.000

R, =0.0441, wR,=0.0768

R, =0.0985, wR,=0.0847

0.328 and —0.401

Table 2. Selected bond lengths (A) and angles (°) for 1 and 2.

1 2

Cu(1)-0(1) 1.922(5) 1.910(3)
Cu(1)-0(4) 1.971(6) 1.950(3)
Cu(1) N(1) 1.937(6) 1.921(3)
Cu(1)-N(2) 1.984(6) 1.999(3)
O(1)~Cu(1)-N(1) 94.6(2) 93.84(13)
O(1)-Cu(1)-O(4) 89.902) 84.89(13)
N(1)-Cu(1)-N(2) 84.3(3) 83.34(14)
0(4)-Cu(1)-N(2) 95.6(2) 98.18(14)
N(1)-Cu(1) O(4) 158.903) 177.24(16)
O(1)-Cu(1)-N(2) 167.4(2) 173.15(13)

|C|> ) S, o

H304©7|S_ H NH, NH, ANt CH,
é 2 1 2 g

Scheme 2. The possible structure of N-tosyl-1,2-diaminopropane.
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Figure 1. Molecular structure of 1 (a) and 2 (b) (H atoms omitted for clarity).

9.2695 and 6.4314 Debye, respectively, indicating that I is less stable than II, which can
be further proved by the larger separation between the tosyl group and methyl group in
configuration II (Supplementary material).

3.2. Crystal structures of [Cul’(H,0)] (1) and [CuL’(H,0)] (2)

The molecular structures of 1 and 2 are shown in figure 1. In both complexes, the
copper(II) is coordinated to one dianionic tridentate Schiff base and one water molecule.
The Schiff base coordinates through the imine and sulfonamide nitrogens and phenol
oxygen. The coordination geometry around Cu(Il) is a slightly distorted square plane
with N>O, in a cis arrangement. The cis angles are from 84.3(3) to 95.6(2)° for 1 and
83.38(12) to 98.06(12)° for 2. The trans angles are 158.8(3) and 167.5(2)° for 1 and
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177.33(14) and 173.21(11)° for 2. In both complexes, the bond lengths increase as
Cu—Ophenolate < Cu-Nimine < Cu-Oyarer < Cu—Nymige. The longer Cu—N,piqe distances
than Cu-Njy,e indicate stronger coordination of imine because the electron withdrawing
of the tosyl group decreases the electron density of the amide nitrogen. The Cu—N,nides
Cu—Nimine, and Cu—Oppenotate bond lengths (table 2) in 2 are all shorter than in five-
coordinate [CuL?phen] [34] possessing the same ligand. Coordination mode of the ligand
in 1 and 2 is much different than in [M"(HL'),] (M =Cu, Ni, Zn; H,L' = N-[2-(2-
hydroxybenzylideneamino)ethyl]-4-methylbenzenesulfonamide) [35], indicating that
deprotonation of amide NH depends on the metal center, the reaction medium, and
the replacing group on the ligand.

The molecular structures of 1 and 2 differ in the propyl and phenyl in the ligand and
the different packing of the two complexes is driven by the conformational freedom of
tosyl, which assumes a different orientation in the two complexes.

For 1, two molecules are linked as a centrosymmetric head-to-tail subunit by
weak -7 interactions (center-to-center distance of about 3.6 A) [36-38]. Then,
four weak C17-H17B - - - interactions (C- - -centroid 3.9 A) link the units into a 2-D
layered structure in the ab plane (figure 2a). Coordinated waters contributed to
formation of the 3-D supramolecular structure throuogh O4-H4A - - - Ol ppenolate
intermolecular hydrogen bonds (O4---O1, 2.697(9) A) from different layers
(figure 2b).

For 2, molecules are linked into a chain structure through weak 7 -- -7 interactions
(center-to-center distance of 3.5A). The Cu - - - Oy distance of 2.9 A is too long to be
considered as a true coordinate bond, but can be described as a secondary
intermolecular interaction, linking molecules into a single chain structure. The single
chain is further connected to a double chain by the O4-HA4A ---Olppenolate
intermolecular hydrogen bonds (04 ---Ol1, 2.69 A) (figure 2c¢).

3.3. FT-IR spectra

In IR spectra of free ligands, v(N-H) at 3260 and 3273cm™" (figure S1) disappear in
1 and 2 indicating deprotonation of amide N—H. A broad band from 3260 to 3444 cm ™'
attributed to O—H vibration reveals the presence of phenol in the ligands and water in
the two complexes. Bands at 1650 and 1615cm™! for H,L' and H,L2, 1635 and
1604 cm™! for 1 and 2 are attributed to v(C=N). H,L? and 2 show a lower frequency of
30cm ™! compared with H,L' and 1, caused by the conjugated system of C=N and
phenyl of o-phenyldiamine in H,L? and 2, reducing the electron density of C=N.
Compounds 1 and 2 show a red-shift of 10cm™' compared with the free ligands,
suggesting coordination through the imine nitrogen. Two bands at 1158 and 1330 cm ™"
are attributed to asymmetric and symmetric vibrations of SO, [39].

3.4. UV-Vis absorption and fluorescence studies

The UV-Vis absorption spectra of the ligands and complexes in ethanol are given in
“Supplementary material”. Absorptions at 320 and 411 nm for H,L! and H,L? shift to
368 and 420 nm in 1 and 2, respectively, indicating coordination of C=N to the metal.
H,L? and 2 show a red shift of about 90 and 50 nm compared to H,L' and complex 1
because of the conjugated system in H,L? These bands can be assigned to intraligand
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Figure 2. (a) 2-D structure of 1; (b) 3-D supramolecular structure of 1 from b-axis; (c) 1-D double chain
structure of 2.

m—7* transition of C=N group. There exist a weak d—d transition at about 596 and
643 nm for 1 and 2.

Solid state fluorescence spectra shows that H,L2 1, and 2 have similar excitation at
210nm and emission at 367nm at room temperature (figure S2). The solution
fluorescence properties were studied at room temperature in ethanol (figure 3).
The emission spectra of H,L' and H,L? are similar (1 =450nnm), but the excitation of
H,L' (1=375nm) is strongly red-shifted compared to H,L? (1= 320 nm), in agreement
with the UV absorptions. For 1 and 2, the large red shift of the excitation and emission
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. ; - -
400 450 500 550
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Figure 3. Solution fluorescence spectra of the ligands and complexes.

from 418 and 477 nm for 2 to 310 and 412 nm for 1 may also be caused by conjugation.
No emission can be assigned to MLCT or LMCT transitions. Thus, the emission of the
complexes and the ligand can be assigned to intraligand 7— 7* fluorescence [40, 41].

3.5. Thermogravimetric analysis

The complexes were investigated by thermal analysis in nitrogen from 30 to 1000°C.
The TG/DSC curves are provided in figure S3. The first weight loss observed from
30-150°C was due to the loss of coordinated water. Then the compounds were stable to
260 and 200°C for 1 and 2, respectively. Ligand decomposition takes place at 350°C and
the TG curves show rapid weight loss. The residue may be CuO for 1 (Exptl. 21.52%,
Calced 19.32%), but for 2 the observed residue content is only 6.50%, which is much less
than 14.25% corresponding to the residue of Cu.

Supplementary material

CCDC 707716 and 707715 contain the supplementary crystallographic data for 1 and 2.
These data can be obtained free of charge from The Cambridge Crystallographic Data
Centre via http://www.ccdc.cam.ac.uk/data_request/cif

Acknowledgment

We thank the National Natural Science Foundation of China (Nos. 20801033 and
20871079).



08:10 23 January 2011

Downl oaded At:

Asymmetric sulfonamide Schiff base 2717

References

[1]1 A.D. Garnovskii, A.L. Nivorozhkin, V.I. Minkin. Coord. Chem. Rev., 126, 1 (1993).

[2] V. Alexande. Chem. Rev., 95, 273 (1995).

[3] S. Yamada. Chem. Rev., 190-192, 537 (1999).

[4] M. Lanznaster, A. Neves, A.J. Bortoluzzi, A.M.C. Assumpcao, I. Vencato, S.P. Machado, S.M. Drechsel.
Inorg. Chem., 45, 1005 (20006).

[5] T. Ueno, T. Koshiyama, M. Ohashi, K. Kondo, M. Kono, A. Suzuki, T. Yamane, Y. Watanabe. J. Am.
Chem. Soc., 127, 6556 (2005).

[6] T. Ueno, T. Koshiyama, S. Abe, N. Yokoi, M. Ohashi, H. Nakajima, Y. Watanabe. J. Organomet.
Chem., 692, 142 (2007).

[7] K.C. Gupta, A.K. Sutar. Coord. Chem. Rev., 252, 1420 (2008).

[8] N.S. Venkataramanan, G. Kuppuraj, S. Rajagopal. Coord. Chem. Rev., 249, 1249 (2005).

[9] T. Katsuki. Coord. Chem. Rev., 140, 189 (1995).

[10] M. Calligaris, G. Nardin, L. Randaccio. Coord. Chem. Rev., 7, 385 (1972).

[11] D.J. Darensbourg, R.M. Mackiewicz, A.L. Phelps, D.R. Billodeaux. Acc. Chem. Res., 37, 836 (2004).

[12] H. Miyasaka, A. Saitoh, S. Abe. Coord. Chem. Rev., 251, 2622 (2007).

[13] M. Bernal, J.A. Garcia-Vazquez, J. Romero, C. Gomez, M.L. Duran, A. Sousa, A. Sousa-Pedrares,
D.J. Rose, K.P. Maresca, J. Zubieta. Inorg. Chim. Acta, 295, 39 (1999).

[14] A.M. Garcia-Deibe, J.S. Matalobos, M. Fondo, M. Vazquez, M.R. Bermejo. Inorg. Chim. Acta, 357,
2561 (2004).

[15] J. Mahia, M.A. Maestro, M. Vazquez, M.R. Bermejo, A.M. Gonzalez, M. Maneiro. Acta Crystallogr.,
C56, 347 (2000).

[16] J. Mahia, M.A. Maestro, M. Vazquez, M.R. Bermejo, J. Sanmartin, M. Maneiro. Acta Crystallogr., C55,
1545 (1999).

[17] J. Mahia, M.A. Maestro, M. Vazquez, M.R. Bermejo, A.M. Gonzalez, M. Maneiro. Acta Crystallogr.,
C56, m492 (2000).

[18] J. Sanmartin, A.M. Garcia-Deibe, M. Fondo, F. Novio, N. Ocampo, M.R. Bermejo. Inorg. Chim. Acta,
359, 3156 (2006).

[19] L. Rodriguez, E. Labisbal, A. Sousa-Pedrares, J. Romero, J.A. Garcia-Vazquez, A. Sousa. Z. Anorg.
Allg. Chem., 633, 1832 (2007).

[20] E. Labisbal, L. Rodriguez, A. Vizoso, M. Alonso, J. Romero, J.A. Garcia-Vazquez, A. Sousa-Pedrares,
A. Sousa. Z. Anorg. Allg. Chem., 631, 2107 (2005).

[21] H.W. Yang, Y.Z. Li, X. Pan, J.T. Sun, C.J. Zhu. Acta Crystallogr., E62, 01982 (2006).

[22] E. Labisbal, L. Rodriguez, A. Sousa-Pedrares, M. Alonso, A. Vizoso, J. Romero, J.A. Garcia-Vazquez,
A. Sousa. J. Organomet. Chem., 691, 1321 (2006).

[23] C.A. Root, D. Hoeschele, C.R. Cornman, J.W. Kampf, V.L. Pecoraro. Inorg. Chem., 32, 3855
(1993).

[24] S.P. Yan, Z.H. Jiang, D.Z. Liao, G.L. Wang, R.J. Wang, H.G. Wang, X.K. Yao. Chem. J. Chin. Univ.,
13, 1355 (1992).

[25] H.L. Zhu, W.J. Liu, Y.F. Wang, D.Q. Wang. Z. Kristallogr. NCS, 218, 255 (2003).

[26] D.S. Xia, Y.F. Wang, W.J. Liu, Q.F. Zeng, D.Q. Wang, H.L. Zhu. Z. Kristallogr. NCS, 218, 311 (2003).

[27] M.T. Barros, F. Sineriz. Tetrahedron, 56, 4759 (2000).

[28] W.U. Malik, T.G. Sharma. J. Indian Chem. Soc., 47, 167 (1970).

[29] G.M. Sheldrick. SADABS, Program for Area Detector Adsorption Correction, Institute for Inorganic
Chemistry, University of Gottingen, Germany (1996).

[30] G.M. Sheldrick. SHELXL 97, Program for Crystal Structure Refinement, University of Gottingen,
Germany (1997).

[31] C. Lee, W. Yang, R.G. Parr. Phys. Rev. B, 37, 785 (1988).

[32] A. Schifer, C. Huber, R. Ahlrichs. J. Chem. Phys., 100, 5829 (1994).

[33] V.G. Zakrzewski, S. Dapprich, A.D. Daniels, M.C. Strain, O. Farkas, D.K. Malick, A.D. Rabuck,
K. Raghavachari, J.B. Foresman, J.V. Ortiz, Q. Cui, J.R. Cheeseman, J.A. Montgomery Jr., T. Vreven,
K.N. Kudin, J.C. Burant, J.M. Millam, S.S. Iyengar, J. Tomasi, V. Barone, B. Mennucci, M. Cossi,
G. Scalmani, N. Rega, G.A. Petersson, H. Nakatsuji, M. Hada, M. Ehara, K. Toyota, R. Fukuda,
J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, M. Klene, X. Li, J.E. Knox,
H.P. Hratchian, J.B. Cross, V. Bakken, C. Adamo, J. Jaramillo, R. Gomperts, R.E. Stratmann,
O. Yazyev, A.J. Austin, R. Cammi, C. Pomelli, J.W. Ochterski, P.Y. Ayala, K. Morokuma, G.A. Voth,
P. Salvador, J.J. Dannenberg, V.G. Zakrzewski, S. Dapprich, A.D. Daniels, M.C. Strain, O. Farkas,
D.K. Malick, A.D. Rabuck, K. Raghavachari, J.B. Foresman, J.V. Ortiz, Q. Cui, A.G. Baboul,
S. Clifford, J. Cioslowski, B.B. Stefanov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R.L. Martin,
D.J. Fox, T. Keith, M.A. Al-Laham, C.Y. Peng, A. Nanayakkara, M. Challacombe, P.M.W. Gill,
B. Johnson, W. Chen, M.W. Wong, C. Gonzalez, J.A. Pople. Gaussian 03, ReVision B01, Gaussian, Inc.,
Wallingford, CT (2004).



08:10 23 January 2011

Downl oaded At:

2718 S.-N. Li et al.

[34] M. Bernal, J.A. Garcia-Vazquez, J. Romero, C. Gomez, M.L. Duran, A. Sousa, A. Sousa-Pedrares,
D.J. Rose, K.P. Maresca, J. Zubieta. Inorg. Chim. Acta, 295, 39 (1999).

[35] S.N. Li, Q.G. Zhai, M.C. Hu, Y.C. Jiang. Inorg. Chim. Acta, DOI: 10.1016/j.ica.2008.10.002.

[36] G.A. Bogdanovic, A.S. Biré, S.D. Zari¢. Eur. J. Inorg. Chem., 1599 (2002).

[37] H. Masui. Coord. Chem. Rev., 219-222, 957 (2001).

[38] Z.D. Tomi¢, V.M. Leovac, S.V. Pokorni, D. Zobel, S.D. Zari¢. Eur. J. Inorg. Chem., 1222 (2003).

[39] K. Nakamoto. In Infrared and Raman Spectra of Inorganic and Coordination Compounds, D.R. Huang,
R.Q. Wang (Trans), 3rd Edn, Chemical Industry Press, Beijing (1986).

[40] G. Yu, S.W. Yin, Y.Q. Liu, Z. Shuai, D. Zhu. Inorg. Chim. Acta, 359, 2246 (2006).

[41] S. Basak, S. Sen, C. Marschner, J. Baumgartner, S.R. Batten, D.R. Turner, S. Mitra. Polyhedron, 27,
1193 (2008).



