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The structures of [MCl2(C6H4N3CH2COPh)2] [M Zn(II) (1), Co(II) (2)] have been determined by X-ray crys-
tallography. They were characterized by elemental analysis, IR spectrum, electronic spectrum and thermogravimet-
ric-differential thermal analysis. They all crystallize in the triclinic system, space group P�������������	
�����

�
��� �

a 0.9449(2) nm, b 1.1291(2) nm, c 1.3637(3) nm, α 111.70(3)o, β 94.33(3)o, � 90.97(3), Z 2 for com-
pound 1; a 0.9437(2) nm, b 1.1277(2) nm, c 1.3650(3) nm, � 111.76(3)o, � 94.50(3)o, � 90.80(3)o, Z 2 
for compound 2. The metal ions are all coordinated by two Cl  anions and two nitrogen atoms of 
1-benzoylmethyl-benzotriazole ligands, forming the distorted tetrahedral geometry. The Zn—Cl and Zn—N bond 
lengths are 0.2209(2), 0.2210(2) nm and 0.2059(4), 0.2067(4) nm, respectively. The Co—Cl and Co—N bond 
lengths are 0.2215(2), 0.2222(2) nm and 0.2028(5), 0.2045(5) nm, respectively. The thermogravimetric (TG) data 
indicate that they are nearly similar in TG curve, and there are not structural transitions in the two compounds. They 
all have a high thermal stability. But, there is little difference in DTG (differential thermogravimetric) curves of 
those two compounds. Elemental analysis, electronic and IR spectra are in agreement with the structural data. 
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Introduction 

Recently, the compounds containing 1H-1,2,4-tria-
zole group have attracted much interest because of their 
exhibiting some fungicidal activity and plant growth 
regulating activity,1 and showing antibacterial activity 
against Puccinia recondite and roots growth regulation 
for cucumber.2 Triazole nuclei appear frequently in the 
structures of various natural products and biologically 
active compounds, notably thiamine (vitamin B), peni-
cillins, antibiotics such as micrococcin,3 and many 
metabolic products of fungi and primitive marine ani-
mals, including 2-(aminoalkyl)triazole-4-carboxylic 
acids.4 Numerous triazole and their derivatives consti-
tute a class of compounds which have been attracting 
considerable attention in industry and agriculture pri-
marily due to their significant biological activities.5 Also, 
such compounds are increasingly being studied because 
of the coordination chemistry of azoles acting as ligands 
in transition metal compounds. Zinc is a relatively 
abundant element in biological organisms, and plays an 
essential role in a large number of enzymatic reactions.6 
Zinc(II) being a d10 ion provides few spectroscopic sig-
natures for the monitoring of structure, however, it can 

be substituted with the d7 cobalt(II) ion. The resulting 
cobalt(II) enzymes give characteristic visible (ligand-
field) absorption spectra and often show about as much 
catalytic activity as the native zinc enzymes.7 This is a 
general characteristic since the coordination chemistry 
of cobalt(II) is very similar to that of zinc(II) and the 
two metal ions also show virtually identical ionic radii. 
In this paper, we reported the crystal structures and the 
characterization of bis(1-benzoylmethyl-benzotriazole- 
N3)dichoro Zn(II) and Co(II) complexes. 

Experimental 

All chemicals were obtained from commercial 
sources and used without further purification. Solid 
1-benzoylmethyl-benzotriazole (2.4 g, 10 mmol) was 
dissolved in ethanol (50 mL). Zinc dichloride (ZnCl2 0.7 
g, 5 mmol) or cobalt dichloride (CoCl2 6H2O 1.2 g, 5 
mmol) was added at room temperature with stirring, 
respectively, and the resulting solution was refluxed for 
4 5 h and then cooled. The colorless precipitate for 1 
or blue precipitate for 2 was formed. Upon collection by 
filtration, the deposit was washed with ethanol and dried 
for 2 d in air. The colorless crystal for 1 or the blue 
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crystal for 2 was obtained from ethanol. The crystals 
were all collected, dried and submitted for elemental 
analysis [Anal. calcd for C28H22Cl2N6O2Zn (1): C 55.06, 
H 3.63, N 1.38; found C 54.83, H 3.90, N 1.33. Anal. 
calcd for C28H22Cl2N6O2Co (2): C 55.65, H 3.67, N 1.39; 
found C 55.41, H 3.94, N 1.35]. 

Elemental analysis for carbon, hydrogen and nitro-
gen was performed on a Perkin-Elmer 240C analysis 
instrument. Solid state electronic spectra were measured 
on a Shimadzu UV-200 recording spectrophotometer, 
furnished with a reflectance attachment using BaSO4 as 
the reference sample. IR spectra were recorded in the 
range of 4000 300 cm 1 on a Perkin-Elmer 467 spec-
trometer using KBr pellets. Thermogravimetry (TG) and 
differential thermogravimetry (DTA) were recorded on a 
SDT 2980 simultaneously for the samples of ca. 10 mg 
under a nitrogen atmosphere (150 mL/min ) at a heating 
rate of 20 /min. 

The summary of the key crystallographic informa-
tion for these two compounds is given in Table 1. Re-
flection data and reflections for the unit cell determina-
tion were measured at 20 � ������ ��� �� radiation  
(λ 0.071073 nm) with a graphite monochromator. The 
technique used was ω-scan with θ limits 1.61o θ  
24.98° for the two title compounds. Empirical absorp-

tion correction was carried out by using the SADABS8 

program. Both the structures of [ZnCl2(C6H4N3CH2CO-
Ph)2] (1), and [CoCl2(C6H4N3CH2COPh)2] (2), were 
solved by direct methods and refined by least squares on 

2
obsF  by using the SHELXTL9 software package. All 

non-H atoms were anisotropically refined. The hydro-
gen atoms were located by difference synthesis and re-
fined isotropically. For 1, final conventional R(F)
0.0453 and wR(F2) 0.0918 for I 2σ(I) with weight-
ing scheme, w 1/[σ2( 2

oF ) (0.0342P)2 0.4269P], 
where P ( 2

oF 2 2
cF )/3. For 2, the corresponding R(F)

0.0580 and wR(F2) 0.0785 for I 2σ(I) with 
weighting scheme, w 1/[σ2( 2

oF ) (0.0185P)2

0.0000P], where P ( 2
oF 2 2

cF )/3. The molecular 
graphics were plotted using SHELXTL. Atomic scat-
tering factors and anomalous dispersion corrections 
were taken from International Tables for X-ray crystal-
lography.10 

Results and discussion 

The molecular structures of compounds 1 and 2 are 
illustrated in Figures 1 and 2, respectively. Figure 3 
shows a perspective view of the crystal packing in the 
unit cell for 1. The final position parameters of non-

Table 1  Crystal data and structure refinement for the title compounds 1 and 2 

Compound 1 2 

Formula C28H22Cl2N6O2Zn  C28H22Cl2N6O2Co 

Formula weight 610.79  604.35 

Temperature/K 293(2)  293(2) 

Wavelength/nm 0.071073  0.071073   

Crystal system Triclinic Triclinic 

Space group P� P� 

Unit cell dimensions/[nm, (°)] 

a 0.9449(2), α 111.70(3) 

b 1.1291(2), β 94.33(3) 

c 1.3637(3), γ 90.97(3) 

a 0.9437(2), � 111.76(3)  

b 1.1277(2), � 94.50(3) 

c 1.3650(3), � 90.80(3) 

Volume/nm3 1.3464(5)      1.3435(5)  

Z, Calculated density /(Mg m 3) 2, 1.507       2, 1.494  

Absorption coefficient/mm 1 1.149 0.876 

F(000) 628 622 

Crystal size/mm3 0.50 0.12 0.02 0.20 0.14 0.08 

� range for data collection/(°) 1.61 to 24.98 1.61 to 24.98 

Limiting indices 0 h 11, 13 k 13, 16 l 16 0 h 11, 13 k 13, 16 l 16  

Reflections collected/unique 5045/4729 [Rint 0.0358] 5042/4726 [Rint 0.0607] 

Completeness to � 24.98° 99.9% 100.0% 

Absorption correction Empirical Empirical 

Refinement method Full-matrix least-squares on F2  Full-matrix least-squares on F2 

Data/restraint/parameter 4729/0/352  4726/0/352 

Goodness-of-fit on F 2 1.047 0.953 

Final R indices [I >���I)] R1 0.0453, wR2 0.0918  R1 0.0580, wR2 0.0785  

R indices (all data) R1 0.1188, wR2 0.1096    R1 0.2078, wR2 0.1048 

Largest diff. peak and hole/(e nm 3) 408 and 354  396 and 467   
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Figure 1  Molecular structure for [ZnCl2(C6H4N3CH2COPh)2] 
with the atomic numbering scheme. 

 

Figure 2  Molecular structure for [CoCl2(C6H4N3CH2COPh)2] 
with the atomic numbering scheme. 

 

Figure 3  Packing diagram of the unit cell of 1. 

hydrogen atoms are given in Tables 2 and 3. Selected 
bond distances and angles of 1 and 2 are listed in Tables 
4 and 5. The two title compounds, [MCl2(C6H4-
N3CH2COPh)2], where M Zn(II) and Co(II), are iso-
morphous. The central metal atoms are coordinated to 
two Cl  anions and two 1-benzoylmethyl-benzotriazole 
ligands. The environments surrounding the metal atoms 
are the distorted tetrahedron. In both complexes, the  

Table 2  Atomic coordinates ( 104) and equivalent isotropic 
displacement parameters (nm2 105) for the compound 1 

Atom    x    y  z Ueq
a 

Zn(1) 2577(1) 6220(1) 8164(1) 36(1) 

Cl(1) 3256(1) 8264(1) 8865(1) 49(1) 

Cl(2) 3821(2) 4782(1) 8545(1) 50(1) 

O(1) 2345(4) 8218(3) 5129(3) 54(1) 

O(2) 2765(4) 3802(3) 7196(3) 49(1) 

N(1) 1398(4) 5968(4) 5143(3) 40(1) 

N(2) 1401(4) 6420(4) 6196(3) 42(1) 

N(3) 2291(4) 5764(4) 6552(3) 40(1) 

N(4) 548(4) 6058(4) 8587(3) 36(1) 

N(5) 88(4) 4966(4) 8626(3) 40(1) 

N(6) 1208(4) 5132(4) 8964(3) 36(1) 

C(1) 550(6) 8425(5) 3883(4) 45(1) 

C(2) 672(6) 7898(5) 3224(4) 54(2) 

C(3) 1277(7) 8490(7) 2581(5) 78(2) 

C(4) 676(9) 9604(8) 2596(6) 88(2) 

C(5) 534(9) 10153(7) 3245(6) 81(2) 

C(6) 1145(6) 9562(5) 3891(5) 56(2) 

C(7) 1273(6) 7808(5) 4573(4) 40(1) 

C(8) 547(5) 6562(5) 4537(4) 44(1) 

C(9) 2294(5) 4991(4) 4792(4) 35(1) 

C(10) 2634(6) 4192(5) 3789(4) 51(2) 

C(11) 3587(7) 3298(6) 3777(4) 66(2) 

C(12) 4216(7) 3185(6) 4708(4) 68(2) 

C(13) 3876(6) 3959(5) 5688(4) 53(2) 

C(14) 2878(5) 4872(5) 5724(4) 38(1) 

C(15) 475(5) 6938(5) 8906(4) 34(1) 

C(16) 514(6) 8201(5) 8978(4) 49(1) 

C(17) 1736(6) 8803(5) 9295(5) 64(2) 

C(18) 2884(6) 8191(6) 9533(5) 67(2) 

C(19) 2871(6) 6954(5) 9460(4) 54(2) 

C(20) 1628(5) 6338(5) 9137(3) 34(1) 

C(21) 2042(5) 4034(5) 8955(4) 41(1) 

C(22) 2876(5) 3364(4) 7882(4) 34(1) 

C(23) 3740(5) 2190(4) 7702(4) 34(1) 

C(24) 4478(5) 1574(5) 6714(4) 43(1) 

C(25) 5278(6) 483(5) 6517(4) 52(2) 

C(26) 5363(6) 20(5) 7290(4) 52(2) 

C(27) 4624(6) 570(5) 8259(4) 56(2) 

C(28) 3824(6) 1673(5) 8475(4) 47(1) 
a Ueq is defined as one third of the trace of the orthogonalized Uij 

tensor. 
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Table 3  Atomic coordinates ( 104) and equivalent isotropic displacement parameters (nm2 105) for the compound 2 

Atom  x  y   z Ueq
a Atom  x   y   z Ueq

a 

Co(1) 12523(1) 6206(1) 3139(1) 37(1) C(9) 12294(7) 4999(6) 215(5) 34(2) 

Cl(1) 13252(2) 8247(2) 3853(1) 51(1) C(8) 10544(6) 6565(6) 483(5) 42(2) 

Cl(2) 13804(2) 4780(2) 3535(1) 53(1) C(7) 11264(7) 7814(6) 437(5) 40(2) 

O(1) 12349(5) 8226(4) 132(4) 54(1) C(1) 10544(7) 8438(6) 1118(5) 40(2) 

O(2) 7226(5) 3803(4) 2204(3) 48(1) C(2) 9324(7) 7912(6) 1792(5) 51(2) 

N(1) 11381(5) 5967(5) 132(4) 36(1) C(3) 8718(9) 8501(8) 2431(6) 75(3) 

N(2) 11385(5) 6418(5) 1187(4) 41(2) C(4) 9322(10) 9638(9) 2383(8) 92(3) 

N(3) 12268(5) 5764(5) 1552(4) 39(1) C(5) 10542(10) 10161(8) 1734(7) 78(3) 

N(6) 8776(5) 5128(5) 3976(4) 37(1) C(6) 11146(8) 9575(7) 1095(6) 59(2) 

N(5) 10082(6) 4956(5) 3627(4) 41(1) C(15) 9523(6) 6936(6) 3913(5) 34(2) 

N(4) 10542(5) 6045(5) 3600(4) 34(1) C(16) 9473(7) 8200(6) 3983(5) 49(2) 

C(14) 12876(6) 4880(6) 715(4) 32(2) C(17) 8256(8) 8797(7) 4307(6) 67(2) 

C(13) 13869(7) 3963(6) 694(5) 47(2) C(18) 7105(8) 8187(8) 4548(6) 72(2) 

C(12) 14209(8) 3196(7) 281(6) 64(2) C(19) 7121(7) 6944(7) 4470(5) 54(2) 

C(11) 13614(8) 3305(7) 1220(6) 67(2) C(20) 8373(7) 6351(6) 4154(5) 32(2) 

C(10) 12654(7) 4199(7) 1207(5) 50(2)      
a Ueq is defined as one third of the trace of the orthogonalized Uij tensor.

Table 4  Selected bond lengths (nm) and angles (o) for com-
pound 1 
Zn(1) N(3) 0.2059(4) Zn(1) N(4) 0.2068(4) 

Zn(1)—Cl(1) 0.2209(2) Zn(1)—Cl(2) 0.2210(2) 

O(1)—C(7) 0.1193(6) O(2)—C(22) 0.1221(5) 

N(3)-Zn(1)-N(4) 103.92(16) N(3)-Zn(1)-Cl(1) 106.21(12) 

N(4)-Zn(1)-Cl(1) 106.96(12) N(3)-Zn(1)-Cl(2) 110.93(13) 

N(4)-Zn(1)-Cl(2) 106.67(12) Cl(1)-Zn(1)-Cl(2)  120.85(6) 

N(2)-N(1)-C(9) 110.5(4) O(1)-C(7)-C(1) 124.4(5) 

O(1)-C(7)-C(8)   119.8(5) O(2)-C(22)-C(23) 122.6(4) 

O(2)-C(22)-C(21) 118.4(4)   

Table 5  Selected bond lengths (nm) and angles (o) for com-
pound 2 
Co(1) N(3) 0.2029(5) Co(1) N(4) 0.2046(5) 

Co(1) Cl(1) 0.2215(2) Co(1) Cl(2) 0.2222(2) 

O(1) C(7) 0.1211(7) O(2) C(22) 0.1207(6) 

N(3)-Co(1)-N(4)   106.6(2) N(3)-Co(1)-Cl(1) 106.26(16) 

N(4)-Co(1)-Cl(1) 107.67(16) N(3)-Co(1)-Cl(2) 110.87(17) 

N(4)-Co(1)-Cl(2) 105.99(16) Cl(1)-Co(1)-Cl(2) 118.81(8) 

O(1)-C(7)-C(1)   124.4(6) O(1)-C(7)-C(8) 119.4(6) 

O(2)-C(22)-C(23)  123.3(6) O(2)-C(22)-C(21) 118.5(6) 

 
benzotriazole ring 1 [N(1), N(2), N(3), C(9), C(10), 
C(11), C(12), C(13) and C(14)] is fairly planar with the 
conjunction carbon atom C(8) and M atom, and the de-

viation from the least squares plane through the ring 
atoms is 0.0041 nm for these two compounds. The 
phenyl ring 3 [C(1), C(2), C(3), C(4), C(5) and C(6)] is 
quite planar with the conjunction carbonyl group C(7) 
and O(1), and the largest deviation from the least 
squares plane is 0.0027 nm for 1 and 0.0025 nm for 2, 
respectively. The dihedral angles between the benzotri-
azole ring 1 and the phenyl ring 3 are 76.61 for 1 and 
76.53 for 2, respectively. The benzotriazole ring 2 
[N(4), N(5), N(6), C(15), C(16), C(17), C(18), C(19) 
and C(20)] is fairly planar with the M atom, with a 
maximum deviation of the same 0.0024 nm for these 
two compounds. The phenyl ring 4 [C(23), C(24), C(25), 
C(26), C(27) and C(28)] is quite planar with the con-
junction acetyl [C(21), C(22) and O(2)] and the N(6) 
atom from the benzotriazole ring 2, and the largest de-
viation from the least squares plane is 0.0025 nm for 1 
and 0.0026 nm for 2, respectively. The dihedral angles 
between the plane of benzotriazole ring 2 and the plane 
of phenyl ring 4 are 88.76 for 1 and 89.08 for 2, re-
spectively. 

In the compound 1, the average Zn Cl distance of 
0.2209 nm is shorter than the corresponding average 
distances reported for related metal complexes with 
distorted ZnN2Cl2 tetrahedral environments,11 but com- 
parable to 0.2212(4) nm in ZnCl2(2,9-dimethyl-1,10- 
phenanthroline)12 and 0.2209(3) nm in ZnCl2 (4-vinyl-
pyridine)2.

13 The average Zn N bond distance of 
0.2063(4) nm is comparable to reported average val-
ues,11d,14 but longer than the average value of 0.2039(3) 
nm in ZnCl2(5,7-dimethyl-1,2,4-triazolo[1,5-�]pyrimi-
dine)2,

11a 0.2027(3) nm in ZnCl2[1-(5,6-dimethylbenz-
imidazoly)-3-benzimidazolyl-2-thiopropane]11b and 



Tetrahedral geometry  Chin. J. Chem., 2004, Vol. 22, No. 1  73 

0.2007(4) nm in Zn0.99Cu0.01Cl2(1,2-dimethyl imida-
zole)2.

15 
In the compound 2, the Co Cl distances of 

0.2215(2) and 0.2222(2) nm are comparable with the 
corresponding values in the reported complex 
Co(imidazole)2Cl2 [0.224(1) and 0.226(1) nm]16 and 
Co(bdmpab)Cl2 [0.22434(8) nm and 0.22266(8) nm; 
bdmpab N,N-bis(3,5-dimethylpyrazol-1-ylmethyl)ami-
nobenzene].17 The Co N distances of 0.2028(5) nm 
and 0.2045(4) nm are shorter than those of truly 
six-coordinate cobalt(II) complex,18 but little longer than 
that of square-planar cobalt(II) complex with CoN4 core 
[average 0.1875 nm],19 but are comparable with those of 
the tetrahedral cobalt(II) complex, Co(bdmpab)Cl2, 
[0.2038(2) and 0.2044(2) nm].17 

The two compounds have a similar structure. There 
are some intermolecular interactions (C—H Y hydro-
gen bonds, Y O and Cl)20 in two lattice structures. The 
donor and acceptor distances are C(10) O(2) 0.30347 
nm [symmetry code: x, 1 y, 1 z]; C(21) Cl(2) 
0.37159 nm [symmetry code: x, 1 y, z]; C(25)
O(1) 0.32789 nm [symmetry code: 1 x, 1 y, z] for 
compound 1 and C(10) O(2) 0.30377 nm [symmetry 
code: 2 x, 1 y, z]; C(25) O(1) 0.32507 nm 
[symmetry code: 1 x, 1 y, z]; C(21) Cl(2) 
0.37160 nm [symmetry code: 2 x, 1 y, 1 z] for 
compound 2 respectively. These intermolecular hydro-
gen bonds link the molecules into two-dimensional hy-
drogen bond networks which stabilize the crystal struc-
ture. 

The IR spectra of the compounds 1 and 2 show a lit-
tle difference. The broad absorptions at 3434 cm 1 for 1 
and at 3444 cm 1 for 2 are assigned to the C H 
stretching vibration of the benzotriazole ring. The strong 
bands at 1696 cm 1 in 1 and at 1694 cm 1 in 2 are as-
signed to the stretching vibration of �C O of PhCO. 
They all exhibit characteristic strong bands at 1596 (C

C), 1451, 1328 (C N), 827 (�C H benzene ring) and 
750 cm 1 (�C H triazole ring) for the coordinate ben-
zotriazole ligands.21 The bands at 1451 and 1328  
cm 1 are shifted from their positions for the free ben-
zotriazole ligand (1454 and 1383 cm 1),22 indicating 
nitrogen coordination.  

The solid reflectance electronic spectrum of com-
pound 1 shows two broad bands around 250 and 301 nm. 
The band around 250 nm is ascribed to intra-ligand, 
probably � �*, transition of the benzotriazolyl group. 
The peak at 301 nm may be responsible for ligand to 
metal charge transfer (LMCT).21 The compound 2 
shows five broad bands around 243, 322, 479, 511 and 
583 nm. The band around 243 nm is also ascribed to 
intra-ligand transition of the benzotriazolyl group and 
the band around 322 nm to metal charge transfer. The 
band at 479, 511 and 583 nm are d-d transfer transitions 
of Co(II), which may be taken as evidence for tetrahe-
dral Co(II) complexes.23  

Thermal analysis curves of the title compounds 1 
and 2 are shown in Figures 4 and 5, respectively. They 
are little different in DTG curves. In compound 1, there 

are two endothermic peaks, one intense heat-absorbing 
peak at 287.4 ºC and one very weak peak at 616.1 . It 
shows no decomposition before 285 ºC; but, at 287 , 
decomposition occurs. On the base of weight changes in 
the TG curve, the first process of the weight loss 
(25.35%) corresponds to the loss of phenyl ring (found 
25.35%, calcd 25.18%), with an intense endothermic 
phenomenon; then, the decomposition continues. The 
weight of the residue 5.75%, which is smaller than that 
of the residual Zn (10.66%), suggests that there were 
some residue sublimations. In compound 2, there are 
several exothermic peaks and endothermic peaks. From 
the Figure 5, we can see that there are four steps of 
weight loss. There is one intense endothermic peak in 
the DTG curve at 271.6 , and about 25.55% weight 
loss in the TG curve between 270 300 , which is 
also attributed to the loss of phenyl ring (found 25.55% 
calcd 25.43%). Then, the second event of the weight 
loss may be related to the loss of ethyl carbonyl 
(CH2CO) (found 41.36%, calcd 39.30%). Finally, the 
weight loss of 91.41% suggests that the residue may be 
Co atom (found 8.59%, calcd 9.73%). Meanwhile, no 
structural transitions were found in these two com-
pounds, which imply a high thermal stability of them. 

 

Figure 4  TG/DTG curves of compound 1. 

 

Figure 5  TG/DTG curves of compound 2. 
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