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Syntheses and Structure Analyses of One Triazole Schiff Base Manganic Complex

ZHANG Yin-Li* FAN Guang
(College of Chemistry and Chemical Engineering, Xianyang Normal University, Xianyang, Shaanxi 712000, China)

Abstract: A Schiff base ligand 4-(4-H-1,2,4-triazol-4-yl)-4-Cl-phenylmethanimine (L) was prepared. And complex
[Mn(SO,4)(H,0),L], with Schiff base (L) has been synthesized and structurally characterized. The complex exhibits
a one-dimensional polymeric structure with sulfate bridges, and two-dimensional supramolecular network is
formed through hydrogen bonding interactions between water molecules and sulfate anions. The complex and
binary mixture of complex and propellant (HMX, NC, RDX) were characterized by DSC technology. In addition,
elemental analysis, IR analysis are presented. CCDC: 733542.
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0 Introduction

1,2,4-Triazoles

coordination chemistry. They can be coordinated to a

are widely used ligands in
metal ion in different modes, bidentate-bridging or
monodentate, depending on the position and the nature
of the substituent at the triazole ring". Both have been
observed and, moreover, sometimes in the same
coordination compound. If the N4 positions of the
triazole ring are substituted they can bridge transition

metal ions through an N1,N2-coordination mode, this
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mode leads to polynuclear complexes that often
demonstrate magnetic exchange interactions™. Espe-
cially, some complexes containing 4-substituted-1,2,4-
triazole have spin-crossover properties, which could be
used in molecular-based memory devices, displays and

1. Depending on different synthesis

optical switches!
conditions, triazole substituents, and anion used, a
variety of compounds including triply triazole-bridged,
doubly triazole-bridged and a single 1,2,4-triazole
bridge have been reported, and the metal ions are

usually bridged additionally by small anions such as
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Because ligands of negatively charged are needed to
ease the effect of the repulsion of the two metal ions* .
To date, only limited number of complexes with 4-
substituted-1,2.4-triazole have been described, and
only a few crystal structures are known.

We have of 4-

salicylideneamino-1,2,4-triazole (L=satrz), and reported

prepared the compound
the synthesis, crystal structure and thermal stability of
its two complexes: [Zn(L),(SCN),] and [Co,(L)s(SCN),] -
H,0™!. Herein, we prepared the compound of 4-(4-H-
1,2,4-triazol-4-yl)-4-Cl-phenylmethanimine (L =ClPhtr,
Scheme 1), and reported the synthesis and crystal
structure of its one coordination polymer: [Mn (SO,)
(H,0),L],.
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Scheme 1 4-(4-H-1,2.4-triazol-4-yl)-4-Cl-

phenylmethanimine (L)
1 Experimental

1.1 Materials and instruments

All reagents and solvents were commercially
available and were used without further purification.
Elemental analyses (C, H, N) were performed on a
Perkin-Elmer 2400 CHN elemental analyzer. Infrared
(IR) spectra were recorded on a Bruker FTTR
instrument as KBr pellets (4 000~400 cm™). The DSC
analysis were conducted on a P. E. 2100 Company
thermal analyzer.
1.2 Preparation of title compound
1.2.1 Synthesis of Clphtr (L)

4-Chlorobenzaldehyde (0.444 6 g, 3 mmol) was
added into a methanol solution (50 mL) of 4-amino-4-
H-1,2,4-triazole (0.254 7 g, 3 mmol), and a small quan-
tity of acetic acid also were added as catalyzer, the

mixture was refluxed for 6 h. Upon standing overnight

at the room temperature, the solution deposited white
crystals that were isolated by filtration, washed with a
small amount of ethanol and aether, and dried under
vacuum and white acerose crystals were obtained from
cooling solution, yield 58% based on 4-amino-4-H-
1,2,4-triazole, m.p. 196 C. IR data (KBr, cm™): (vcw)
1 625(s), 1 606(m), (vcc) 1 087(s), Bcw) 880(s), 801 (m).
Anal. Caled. for CaH;N,CL (%): C, 52.31; H, 3.41; N,
27.11. Found(%): C, 52.40; H, 3.48; N, 27.05.
1.2.2  Synthesis of [Mn(SO,)(H,0),L],

An aqueous solution (4 mL) of MnSO,-H,0 (0.034 4
g, 0.2 mmol) was added into a mixed solution (14 mlL,
ethanol and DMF volume ratio is 5/2) of ClPhurz
(0.055 9 ¢, 0.25 mmol) with stirring, and the mixture
solution was stirred at room temperature for 1 h and
filtered. Colorless crystal was obtained from the filtrate
at room temperature for six weeks, in a yield 29% based
on Mn. IR data (KBr, cm™): 3408 (vou, m), 3 252 (vou,
m), 1 646 (vey, w), 1 597 (ve—y, m), 1203 (v, w), 1 122
(Vec, s). Anal. caled for CoH;,CIN,OsSMn(%): C 27.46, H
2.82, N 14.23; Found(%): C 27.40, H 2.84, N 14.27.
1.3 X-ray structure determination

One colorless block-like crystal were selected.
All single crystal X-ray experiments were performed
on a Bruker Smart Apex CCD diffractometer equipped
with graphite monochromatized Mo Ka radiation (A=
0.071 073 nm) using ¢-w scan mode. The single-crystal
structures of complexs were both solved by direct
methods and refined with full-matrix least-squares
refinements based on F? using SHELXS 97 and
SHELXL 9721, All non-hydrogen atoms were located
using subsequent Fourier-difference methods. In all
cases hydrogen atoms were placed in calculated
positions and thereafter allowed to ride on their parent
atoms. Crystallographic data are summarized in Table 1,
Table 2 and Table 3.

CCDC: 733542.

Table 1 Crystallographic data for the title complex

Formula CsHuCIN,0SMn V / om® 1.413 4(6)
Formula weight 393.66 D,/ (g-em™) 1.85

T/K 273(2) Z 4

Crystal system Monoclinic Crystal size / mm 0.31x0.22x0.13
Space group P2/e Measured data 6 756
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Continued Table 1
a/ nm 1.953 3(5) Unique data 2 518
b/ nm 0.655 75(16) R, 0.052 1
¢/ nm 1.152 1(3) 6/(°) 2.18 to 25.09
al(°) 90 F(000) 796
B/(°) 106.707 Absorption coefficient / mm™ 1.306
v 1) 90 Final R indices (I>20(1)) R=0.143 9, wR=0.317 5
Table 2 Selected bond lengths (nm) and bond angles (°) for the title complex
Mn(1)-0(1) 0.218 2(5) Mn(1)-0(2W) 0.225 7(6) N(3)-C(1) 0.136 3(11)
Mn(1)-0(2) 0.215 1(5) Mn(1)-N(1) 0.224 3(7) N@3)-C(2) 0.134 7(11)
Mn(1)-0(3) 0.218 4(5) N(1)-C(1) 0.129 8(12) N(4)-C(3) 0.126 9(11)
Mn(1)-O(1W) 0.222 2(6) N(2)-C(2) 0.130 5(11)
O(1W)-Mn(1)-N(1) 103.5(2) 0(1)-Mn(1)-0(2) 170.6(2) 0(2)-Mn(1)-N(1) 92.7(2)
O(1W)-Mn(1)-0(1) 86.2(2) 0(1)-Mn(1)-0(3) 87.3(2) 0(2)-Mn(1)-0(2W) 86.4(2)
O(1W)-Mn(1)-0(2) 87.6(2) 0(1)-Mn(1)-N(1) 81.8(2) N(1)-Mn(1)-0(2W) 83.3(2)
O(1W)-Mn(1)-0(3) 87.2(2) O(1)-Mn(1)-0(2W) 100.5(2) C(3)-N(4)-N(3) 116.5(7)
O(1W)-Mn(1)-0(2W) 171.12) 0(2)-Mn(1)-0(3) 99.6(2) N(4)-C(3)-C(4) 120.6(7)
Table 3 Hydrogen bonding interactions for the title complex
D-H---A d(D-H) / nm d(H--A) / nm d(D---A) / nm ZD-H-A /()
O(1W)-H(1WA)---O(4)a 0.085 0.190 0.274 6(3) 179.8
O(1W)-H(1WB)---O2W)b 0.085 0.206 0.290 8(8) 179.6
0(2W)-H(2WB)---0(4) 0.085 0.197 0.273 2(7) 149.0
0(2W)-HQ2WA)---0(d)c 0.085 0.185 0.270 0(8) 179.9

Symmetry codes: a: —x+1, y—1/2, —=z+3/2; b: x, =y+3/2, z+1/2; c: —x+1, —y+1, —z+1.

1.4 Conditions of the DSC analysis

The DSC analysis were conducted in static air
atmosphere, the hating rate of DSC was 10.0 C *min™".
Sample preparation was by mechanical mixing of the

complex and three main components of high-energy

complex with three main components of high-energy
propellant were respectively 1/3. Weight of the sample
was about 1~2 mg. The a-Al,0; was used as reference
material in the DSC measurements. Thermodynamic

data are summarized in Table 4

propellant (HMX, RDX and NC), and mass ratio of
Table 4 Data of determined by DSC
System Tyl C T,/ C AT,/ C AH [ (I-g") AH' 1 (J-g)
Complex 316.79 468.04 — 352.1 —
HMX 282.96 287.46 — -1 247 —
HMX-complex 274.12 284.40 -3.06 -977.3 269.7
NC 188.34 212.45 — -1517 —
NC-complex 172.77 212.45 0.00 -1314 203
RDX 210.35 241.08 — -364.9 —
RDX-complex 217.36 236.75 -4.33 -259.4 105.5

Toee: Temperature corresponding to the intersection of the baseline and the tangent of the maximum decomposition rate; 7T):

Maximum peak temperature of the exothermic first—stage decomposition reaction; AH: Incremental enthalpy of thermal decomposition, the

exothermic is negative; AT,=T,(mix)—

T(propellant); AH'=AH(mix)-AH (propellant).
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2 Results and discussion

2.1 Crystal structure of [Mn(SO,)(H,O),L],

The complex [Mn (SO,4) (H,0),L], is one-dimensio-
nal polymeric structure. As shown in Fig.1, the
[Mn(S0O,)(H,0),L], complex exhibits one manganese coor-
dination geometry. The coordination geometry of the
manganese ion is six-coordinate distorted octahedron,
defined by three oxygen atoms from three different
sulfate anions, one nitrogen atom from one Schiff base
ligand and by two oxygen atoms from water molecules,
which occupy the axial positions of a distorted

octahedral coordination geometry. The bond angles

around the metal atoms are not very close to 90°
(81.8(2)° to 100.5(2)°). So the manganese site exhibits a
distorted octahedron coordination. 4-(4-H-1,2,4-triazol-
(L =Clphtr)

the

act

Mn-N

4-yl)-4-Cl-phenylmethanimine

as
monodentate triazole-N  donor ligand,

distance (2.243(7)) is in normal ranges®.

Symmetry code: a: 1-x, 1/2+y, 3/2-z
Fig.1 Coordination environment of Mn(Il) in the title
complex

As shown in Fig.2, [Mn(S0,)(H,0),L| complex form
a chain structure linked through bridging sulfate

Symmetry codes: a: x, 14y, z; b: 1—x, =0.5+y, 1.5—z; ¢: 1—x, 0.5+y,
1.5-z

Fig.2 A one-dimensional chain of [Mn(SO,)(H,0),L], chain

groups, running parallel to the b axis. Each sulfate
group adopts a u; coordination mode, using three
oxygen donors and leaving a single {S-O} group on each
sulfate site.

There are significant hydrogen bonds, shown in
Fig.3. The one-dimensional chains are linked as two-
dimensional layer via hydrogen bonding interactions of
coordinated water molecules and sulfate anions. The
water molecules (O1W) act as donor for SO,* ions and
(O2W), and forms annular R¢' (12)
type™®. The water molecules (O2W) act as donor for

water molecules

SO, ions and forms annular R,? (8) type. The annular
R¢' (12) type are linked as one-dimensional chain via
annular R (8) type, thus leading to the formation of
[(H,0)4(SO0),] core.

Symmetry codes: a: —x+1, y=1/2, —z+3/2; b: x, —y+3/2, z+1/2; c:

—x+1, —y+1, —z+1
Fig.3 Perspective view of the self-assembled two-
dimensional supramolecular structure of the
complex
2.2 Infrared spectrum analysis
In the IR spectra, the peaks were observed
between 3 408 and 3 252 em™, which are related to the
stretching vibrations str (O-H) of the H,0. The strong
band appearing between 1646 cm™ is assignable to str
(C=N) of the triazole ring. Compared with the str (C=N)
peak of the triazole ring, the C=N stretching frequen-
cles in complex are generally shifted to higher
frequencies, which is evidenced as the coordination of

the metal with triazole N. The IR spectra of metal
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complexes show typical bands of Schiff base with strong
peaks assigned to the str (C=N) in the 1 600~1 610
cm™ region™, which are not shifted in the complexes
compared with the corresponding free ligand. It is
evidenced that the nitrogen atom in the group C=N dose
not coordinate to the metal ion, which is consistent with
the structural analysis.
2.3 DSC analysis

Under the experimental conditions the heat flow
rate of sample equal Enthalpy variable rate of sample.

In Fig.4, 5, 6, the left vertical axes respectively express
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Fig.6 DSC curve of RDX and binary mixture

the heat flow rate of HMX, NC and RDX, the right
vertical axes respectively express the heat flow rate of
binary mixture, and unit is W-g™. From Fig. 4, 5, 6 and
Table 4, we can get the following information:

(1) The thermal decomposition temperature of
HMX and RDX was reduced through adding complex,
but decrease of temperature was a minor extent. The
thermal decomposition temperature of binary mixture
and NC almost the same.

(2) The generated energy of binary mixtures
thermal decomposition were lower than generated
energy of HMX, NC and RDX alone thermal
decomposition. First, this was mainly due to strong
hydrogen bonds interaction; second, the ligand was a
triazole Schiff base, and its nitrogen content was also
significantly reduced relative to the triazole, therefore

contribute little in terms of energy.
3 Conclusions

In summary, we successfully synthesized one
novel complex of Schiff base [Mn(SO,)(H,0),L].. The
compound is a neutral one-dimensional polymeric
structure, which contain monodentate L ligand and p.;
coordination mode SO,*". The hydrogen-bonding intera-
ctions among water molecules and sulfate anions play a
key role for the formation and stability of complex. A
one-dimensional chain of alternating annular R¢' (12)
and R} (8) type is assembled by the water molecules
and sulfate anions. Compared characteristic parameters
of thermal decomposition of mixed system and those of
the propellant components alone, and found the thermal
decomposition temperatures of mixed system were
decreased, but the enthalpy variable indicated that the
complex may be not used as energetic catalyst because

of low nitrogen content.
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