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Abstract—Two new mononuclear Schiff base zinc(II) complexes, [ZnCl2(L1)] ⋅ MeOH (I) and [Zn(L2)2] (II)
(L1 = 2-bromo-4-chloro-6-[(2-ethylammonioethylimino)methyl]phenolate; L2 = 2-bromo-4-chloro-6-
(isopropyliminomethyl)phenolate), have been prepared and characterized by elemental analyses, infrared
and UV-Vis spectroscopy, and single-cyrstal X-ray diffraction (CIF files CCDC nos. 1408962 (I), 1408961
(II)). Complex I crystallizes in the triclinic space group P1̄  with unit cell dimensions a = 9.859(1), b =
13.015(2), c = 19.817(3) Å, α = 73.591(2)°, β = 76.032(2)°, γ = 82.966(2)°, V = 2363.0(5) Å3, Z = 4, R1 =
0.0925, and wR2 = 0.2257. Complex II crystallizes in the monoclinic space group P21/c with unit cell dimen-
sions a = 7.6387(7), b = 22.307(2), c = 21.443(2) Å, β = 96.216(3)°, V = 3632.4(6) Å3, Z = 8, R1 = 0.0651,
and wR2 = 0.1100. The both Zn atoms in I is four-coordinated in a tetrahedral geometry by the NO donor set
of the Schiff base ligand, and two Cl ligands. The Zn atom in II is in a tetrahedral geometry by two N and two
O atoms from two Schiff base ligands. Crystals of the complexes are stabilized by hydrogen bonds and weak
π⋅⋅⋅π interactions. Fluorescence property of the complexes have been determined.

DOI: 10.1134/S1070328416050055

INTRODUCTION
Schiff base complexes have received considerable

attention for their importance in the field of coordina-
tion chemistry related to catalysis and enzymatic
reactions, magnetism and molecular architectures
[1–5]. Zinc is an important element in biological
systems, functions as the active site of hydrolytic
enzymes, such as carboxypeptidase and carbonic
anhydrase where it is in a hard-donor coordination

environment of nitrogen and oxygen [6]. Schiff base
zinc complexes have proved to possess interesting
f luorescence properties [7–10]. As a continuation
of our work on the Schiff base complexes [11–13],
we report in this paper two new Schiff base zinc(II)
complexes, [ZnCl2(L1)] ⋅ MeOH (I) and [Zn(L2)2]
(II) (L1 = 2-bromo-4-chloro-6-[(2-ethylammonio-
ethylimino)methyl]phenolate; L2 = 2-bromo-4-
chloro-6-(isopropyliminomethyl)phenolate).

EXPERIMENTAL

Materials and measurements. Commercially avail-
able 3-bromo-5-chlorosalicylaldehyde, N-ethy-
lethane-1,2-diamine, and isopropylamine were pur-

chased from Aldrich and used without further purifi-
cation. Other solvents and reagents were made in
China and used as received. The Schiff bases were pre-
pared according to the literature procedure [14]. C, H,
and N elemental analyses wre performed with a Per-

1 The article is published in the original.
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kin-Elmer elemental analyser. Infrared spectra were
recorded on a Nicolet AVATAR 360 spectrometer as
KBr pellets in the 4000–400 cm–1 region. Fluores-
cence spectra were recorded with an F-2500 FL Spec-
trophotometer analyzer.

Synthesis of I. A MeOH solution (5 mL) of ZnCl2
(0.1 mmol, 13.6 mg) was added to a MeOH solution
(10 mL) of L1 (0.1 mmol, 30.5 mg) with stirring. The
mixture was stirred for 30 min to give a clear colourless
solution. The resulting solution was allowed to stand in
air for a few days. Colourless block-shaped crystals
suitable for X-ray single crystal analysis were formed at
the bottom of the vessel. The isolated product was
washed three times with cold MeOH and dried in a
vacuum over anhydrous CaCl2. The yield was 21.0 mg
(44%).

IR data (KBr; ν, cm–1): 3453 m, 3126 m, 1629 s,
1509 w, 1446 s, 1308 w, 1207 m, 1157 s, 1075 s, 993 m,
861 m, 745 m, 541 m, 465 m. UV-Vis data in acetoni-
trile (λmax, nm (ε, L mol–1 cm–1)): 270 (10255), 387
(7860).

Synthesis of II. A MeOH solution (5 mL) of ZnCl2
(0.1 mmol, 13.6 mg) was added to a MeOH solution
(10 mL) of L2 (0.1 mmol, 27.6 mg) with stirring. The
mixture was stirred for 30 min to give a clear colourless
solution. The resulting solution was allowed to stand in
air for a few days. Colourless block-shaped crystals
suitable for X-ray single crystal analysis were formed at
the bottom of the vessel. The isolated product was
washed three times with cold MeOH and dried in a

vacuum over anhydrous CaCl2. The yield was 33.5 mg
(54%).

IR data (KBr; ν, cm–1): 1620 s, 1433 s, 1150 s,
1080 s, 955 m, 851 m, 743 w, 532 m. UV-Vis data in
acetonitrile (λmax, nm (ε, L mol–1 cm–1)]: 275 (11730),
381 (8570).

X-ray structure determination. Diffraction intensi-
ties for the complexes were collected at 298(2) K using
a Bruker SMART 1000 CCD area-detector with
MoKα radiation (λ = 0.71073 Å). The collected data
were reduced using SAINT [15], and multi-scan
absorption corrections were performed using SAD-
ABS [16]. The structures were solved by direct meth-
ods and refined against F 2 by full-matrix least-squares
methods using SHELXTL [17]. All of the non-hydro-
gen atoms were refined anisotropically. Hydrogen
atoms were placed in idealized positions and con-
strained to ride on their parent atoms. Crystallo-
graphic data for the complexes are summarized in
Table 1. Selected bond lengths and angles are given in
Table 2. Supplementary material has been deposited
with the Cambridge Crystallographic Data Centre
(nos. 1408962 (I), 1408961 (II)); deposit@
ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk).

RESULTS AND DISCUSSION

The complexes were prepared by the reaction of the
Schiff bases with zinc chloride:

For C12H18N2O2Cl3BrZn

anal. calcd., %: C, 30.41; H, 3.83; N, 5.91.
Found, %: C, 30.23; H, 3.92; N, 6.03.

For C20H20N2O2Cl2Br2Zn

anal. calcd., %: C, 38.96; H, 3.27; N, 4.54.
Found, %: C, 39.10; H, 3.38; N, 4.43.
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Table 1. Crystallographic data and refinement parameters for structures I and II

* R1 = ∑||Fo| – |Fc||/∑|Fo|, wR2 = [∑w(  – )2/∑w( )2]1/2.

Parameter
Value

I II

Fw 473.9 616.5

Crystal shape/color Block/colourless Block/colourless

Crystal size, mm 0.23 × 0.23 × 0.20 0.17 × 0.15 × 0.15

Crystal system Monoclinic Triclinic

Space group P21/c P1

a, Å 7.6387(7) 9.859(1)

b, Å 22.307(2) 13.015(2)

c, Å 21.443(2) 19.817(3)

α, deg 73.591(2)

β, deg 96.216(3) 76.032(2)

γ, deg 82.966(2)

V, Å3 3632.4(6) 2363.0(5)

Z 8 4

μ(MoKα), mm–1 3.997 4.666

ρcalcd, g cm–3 1.733 1.733

Reflections/parameters 6447/385 8509/531

Restraints 0 0

Observed reflections (I ≥ 2σ(I)) 4192 4947

F(000) 1888 1216

Tmin 0.4600 0.5043

Tmax 0.5020 0.5412

Goodness of fit on F2 1.094 1.024

R1, wR2 (I ≥ 2σ(I))* 0.0651, 0.1100 0.0925, 0.2257

R1, wR2 (all data)* 0.1185, 0.1279 0.1534, 0.2730

2
oF 2

cF 2
oF
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For complex I, the Cl atoms are coordinated to the
Zn center. While for complex II, Cl atoms are not par-
cipatate in coordination. Both complexes are crystal-
lized as colourless single crystals, which are stable in
air at room temperature, soluble in common polar
organic solvents, such as DMSO, DMF, MeOH,
EtOH, MeCN, and Me2CO, and insoluble in water
and Et2O.

The medium and sharp absorption at 3126 cm–1

and the medium and broad absorption centered at
3453 cm–1 for complex I can be assigned to ν(N–H)
and ν(O–H), respectively. Strong absorptions cen-
tered at 1629 cm–1 for complex I and 1620 cm–1 for
complex II are assigned to azomethine, ν(C=N) [18].
In both complexes, the Schiff base ligand coordina-

Table 2. Selected bond lengths (Å) and angles (deg) for complexes I, II

Bond d, Å Bond d, Å

I

Zn(1)–O(1) 1.938(5) Zn(1)–N(1) 2.036(6)

Zn(1)–Cl(2) 2.223(2) Zn(1)–Cl(3) 2.231(2)

Zn(2)–O(2) 1.943(5) Zn(2)–N(3) 2.030(5)

Zn(2)–Cl(5) 2.216(2) Zn(2)–Cl(6) 2.241(2)

II

Zn(1)–O(1) 1.923(7) Zn(1)–O(2) 1.909(7)

Zn(1)–N(1) 1.981(9) Zn(1)–N(2) 1.986(9)

Zn(2)–O(3) 1.950(7) Zn(2)–O(4) 1.910(7)

Zn(2)–N(3) 1.990(9) Zn(2)–N(4) 1.987(9)

Angle ω, deg Angle ω, deg

I

O(1)Zn(1)N(1) 95.0(2) O(1)Zn(1)Cl(2) 111.59(16)

N(1)Zn(1)Cl(2) 113.01(18) O(1)Zn(1)Cl(3) 115.60(17)

N(1)Zn(1)Cl(3) 107.46(18) Cl(2)Zn(1)Cl(3) 112.84(9)

O(2)Zn(2)N(3) 95.0(2) O(2)Zn(2)Cl(5) 112.04(16)

N(3)Zn(2)Cl(5) 112.46(17) O(2)Zn(2)Cl(6) 114.12(17)

N(3)Zn(2)Cl(6) 107.58(17) Cl(5)Zn(2)Cl(6) 114.01(10)

II

O(2)Zn(1)O(1) 115.5(3) O(2)Zn(1)N(1) 109.4(4)

O(1)Zn(1)N(1) 94.8(3) O(2)Zn(1)N(2) 96.1(3)

O(1)Zn(1)N(2) 109.8(3) N(1)Zn(1)N(2) 132.5(4)

O(4)Zn(2)O(3) 110.9(3) O(4)Zn(2)N(4) 97.0(3)

O(3)Zn(2)N(4) 107.9(3) O(4)Zn(2)N(3) 114.9(4)

O(3)Zn(2)N(3) 95.6(3) N(4)Zn(2)N(3) 130.3(4)
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Table 3. Geometric parameters of hydrogen bonds for complexes I, II*

* Symmetry codes: i –1 + x, y, z; ii x, 1 + y, z; iii 1 + x, –1 + y, z.

D–H···A
Distance, Å

D–H···A, deg
D–H H···A D···A

I
O(4)–H(4)···Br(2)i 0.82 2.88 3.492(6) 133
O(4)–H(4)···O(2)i 0.82 2.09 2.856(7) 154
O(3)–H(3)···Br(1) 0.82 2.99 3.516(6) 125
O(3)–H(3)···O(1) 0.82 2.09 2.875(7) 160
N(4)–H(4B)···Cl(6) 0.90 2.47 3.253(7) 145
N(4)–H(4A)···Cl(5)i 0.90 2.97 3.553(7) 124
N(4)–H(4A)···O(4) 0.90 2.02 2.772(8) 141
N(2)–H(2B)···Cl(2)i 0.90 2.68 3.322(6) 130
N(2)–H(2B)···O(3)i 0.90 2.12 2.818(8) 134
N(2)–H(2A)···Cl(3) 0.90 2.37 3.153(6) 146

II
C(16)–H(16)···O(3)ii 0.93 2.55 3.424(3) 157
C(17)–H(17)···O(3)ii 0.93 2.58 3.460(3) 158
C(37)–H(37)···O(1)iii 0.93 2.48 3.395(3) 167

Fig. 1. Solid state f luorescent emission spectra of I (a) and
II (b).
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tion to the metal atoms is also substantiated by weak
bands at low wavenumbers.

In the UV-Vis spectra of the complexes, the
absorption centered at about 380 nm is assigned to
ligand-to-metal charge transfer. The absorption fre-
quencies ascribed to the benzene π-π* transition are
centered at 270 nm for complex I and 275 nm for com-
plex II.

Owing to the excellent luminescent properties of
d10 metal ions, the solid state photoluminescence of
the complexes were investigated at room temperature.
For I, upon excitation at 289 nm, the emission spec-
trum of the complex shows one emission band at
470 nm (Fig. 1a). For II, upon excitation at 291 nm,
the emission spectrum of the complex shows one
emission band at 460 nm (Fig. 1b).

The molecular structure of complex I is shown in
Fig. 2a. The asymmetric unit of the compound con-
tains two independent zinc complex molecules and
two methanol molecules. The Zn atom is coordinated
by the phenolate O and imine N atoms of the Schiff
base ligand, and two chloride atoms, forming a tetra-
hedral coordination. The coordinate bond angles
range from 95.0(2)° to 115.6(2)° for Zn(1) molecule,
and from 95.0(2)° to 114.1(2)° for Zn(2) molecule,
indicating the difference from the ideal value of 109.5°
for the perfect tetrahedral geometry. The distorsion of
the tetrahedral coordination is mainly caused by the
tensile force of the Schiff base ligands. The Zn–O and
Zn–N bond lengths in the two complex molecules are
similar to each other, and all of which are comparable
to the corresponding values observed in similar Schiff
base zinc(II) complexes [19, 20]. The amine atoms are
protonated, which are not involved in coordination. In
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the crystal structure, the complex molecules are linked
by methanol molecules through intermolecular O–
H···Br, O–H···O, N–H···Cl, and N–H···O hydrogen
bonds (Table 3), to form 1D chains along the x axis
direction (Fig. 2b).

The molecular structure of complex II is shown in
Fig. 3a. The asymmetric unit of the compound con-
tains two independent zinc complex molecules. The
both Zn atoms is coordinated by two phenolate O and
two imine N atoms from two Schiff base ligands,

Fig. 2. Molecular structure of I at 30% probability displacement (a); the 1D chain structure of I, viewed along the z axis (hydrogen
bonds are drawn as dashed lines) (b). 
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forming a tetrahedral coordination. The coordinate
bond angles range from 94.8(3)° to 132.5(4)° for Zn(1)
molecule, and from 95.6(3)° to 130.3(4)° for Zn(2)
molecule, indicating the difference from the ideal
value for the perfect tetrahedral geometry. The distor-
sion of the tetrahedral coordination is mainly caused
by the tensile force of the Schiff base ligands. The Zn–
O and Zn–N bond lengths in the two complex mole-
cules are similar to each other, and all of which are
comparable to the corresponding values observed in

similar Schiff base zinc(II) complexes [21, 22]. In the
crystal structure, the complex molecules are linked
through intermolecular C–H···O hydrogen bonds
(Table 3), to form 1D chains along the x axis direction
(Fig. 3b).

REFERENCES

1. Hirotsu, M., Nakajima, K., Kojima, M., et al., Inorg.
Chem., 1995, vol. 34, no. 24, p. 6173.

Fig. 3. Molecular structure of II at 30% probability displacement (a); the 1D chain structure of II, viewed along the y axis (hydro-
gen bonds are drawn as dashed lines) (b). 

(a)

(b)

0

x

z
y

C(1)

C(2)

C(3)

C(4) C(5)

N(1)

N(2)

Cl(1)

Zn(1) Zn(2)

Cl(2)

Cl(4)
Br(3) Br(4)

Cl(3)

Br(1)

Br(2)

N(3) N(4)

O(1)

O(2)
O(3) O(4)

C(6)

C(7)
C(8)

C(9)

C(10)

C(11)
C(12)

C(13)
C(14)

C(15)

C(21) C(22)

C(23)C(24)

C(25)

C(26)
C(27) C(28)

C(29)

C(30)

C(31)
C(32)

C(33) C(34)

C(35)
C(36)

C(37)
C(38)

C(39)
C(40)

C(16) C(17)
C(18)

C(19)
C(20)



RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 42  No. 5  2016

SYNTHESES, CHARACTERIZATION, CRYSTAL STRUCTURES 337

2. Lacroix, P.G., Bella, S.D., and Ledoux, I., Chem.
Mater., 1996, vol. 8, no. 2, p. 541.

3. Bernardo, K., Leppard, S., Robert, A., et al., Inorg.
Chem., 1996, vol. 35, no. 2, p. 387.

4. Chisholm, M.H., Gallucci, J.C., Zhen, H., et al.,
Inorg. Chem., 2001, vol. 40, no. 19, p. 5051.

5. Epstein, D.M., Choudhary, S., Churchill, M.R., et al.,
Inorg. Chem., 2001, vol. 40, no. 7, p. 1591.

6. Bertini, I., Gray, H.B., Lippard, S.J., et al., Bioinor-
ganic Chemistry, Mills Valley: Univ. Science Books,
1994.

7. Liu, Z.-C., Yang, Z.-Y., Li, T.-R., et al., Transition
Met. Chem., 2011, vol. 36, no. 5, p. 489.

8. Fang, Z.-L. and Nie, Q.-X., J. Coord. Chem., 2010,
vol. 63, no. 13, p. 2328.

9. Qin, D.-D., Yang, Z.-Y., and Qi, G.-F., Spectrochim.
Acta, A, 2009, vol. 74, no. 2, p. 415.

10. Wang, Y. and Yang, Z.-Y., J. Lumin., 2008, vol. 128,
no. 3, p. 373.

11. You, Z.-L., Ni, L.-L., Shi, D.-H., et al., Eur. J. Med.
Chem., 2010, vol. 45, no. 7, p. 3196.

12. You, Z.-L., Shi, D.-H., and Zhu, H.-L., Inorg. Chem.
Commun., 2006, vol. 9, no. 6, p. 642.

13. You, Z.-L. and Zhu, H.-L., Z. Anorg. Allg. Chem.,
2006, vol. 632, no. 1, p. 140.

14. Kabak, M., Elmali, A., Elerman, Y., et al., Z. Natur-
forsch., B, 2003, vol. 58, no. 11, p. 1141.

15. SMART and SAINT, Madison (WI, USA): Bruker AXS
Inc., 2002.

16. Sheldrick, G.M., SADABS, Program for Empirical
Absorption Correction of Area Detector, Göttingen: Univ.
of Göttingen, 1996.

17. Sheldrick, G.M., SHELXTL, Version 5.1, Software Ref-
erence Manual, Madison: Bruker AXS, Inc., 1997.

18. Ye, Y.-T., Niu, F., Sun, Y., et al., Chin. J. Inorg. Chem.,
2015, vol. 31, no. 5, p. 1019.

19. Guha, A., Chattopadhyay, T., Paul, N.D., et al., Inorg.
Chem., 2012, vol. 51, no. 16, p. 8750.

20. Chattopadhyay, T., Mukherjee, M., Banu, K.S., et al.,
J. Coord. Chem., 2009, vol. 62, no. 6, p. 967.

21. Chamayou, A.-C., Luedeke, S., Brecht, V., et al.,
Inorg. Chem., 2011, vol. 50, no. 22, p. 11363.

22. Aritake, Y. and Akitsu, T., Polyhedron, 2012, vol. 31,
no. 1, p. 278.


		2016-05-10T14:56:16+0300
	Preflight Ticket Signature




