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Abstract The polymer complex [Hg(l-mptrz)2]n and two

binuclear complexes of {[H2en][Hg2(mptrz)4(l-Br)2]} and

{[H2en][Hg2(mptrz)4(l-I)2]} were prepared from the

reaction of 4-methyl-1,2,4-triazole-3-thiol (Hmptrz) and

ethylene diamine (en) with HgCl2, HgBr2, and HgI2 in

CH3OH, respectively. Complex [Hg(l-mptrz)2]n was also

prepared from the reaction of 4-methyl-1,2,4-triazole-3-

thiol and ethylene diamine with Hg(OAc)2 and Hg(SCN)2

in CH3OH and Hg(NO3)2�H2O in a mixture of CH3OH/

H2O. Analysis of these complexes was done by CHN

elemental analysis, IR, UV–Vis, 1H and 13C NMR, and

luminescence spectroscopy, as well as single-crystal X-ray

diffraction. Thermal stabilities of these complexes were

also studied by TGA/DTA analyses.
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Introduction

Mercury(II) coordination compounds including nitrogen-,

oxygen-, or sulfur-heterocyclic molecules, or a combination

of these and an exocyclic thione (thioketo) group can be used

for modeling of biosystematic interactions of mercury–cys-

teine thionate and also studying toxicological behavior [1–6].

4-Methyl-1,2,4-triazole-3-thiol (Hmptrz) as a three dentate

ligand can be coordinated to metal center through N and S

atoms from triazole ring and thiol group. Under different

experimental conditions, discrete and polymeric complexes

with different coordination modes of this ligand can be

formed, such as [Hg(mptrz)2Cl2] and [Hg(mptrz)2Br2] [7],

[Pb(Hmptrz)4(NO3)2] and [Pb(l-mptrz)2(H2O)]n [8], [Cu-

(l4-mptrz)]n, [Cu(l-Hmptrz)(l-I)]n, [Cu12(l4-mptrz)4(l4-I)3-

(l3-I)4(l-I)]n), and [Cu(l-Hmptrz)(l-DmptrzSS)I]n (DmptrzSS

= 4,40-dimethyl-3,30-dithiodi-1,2,4-triazole) [9], [Cd(mpt-

rz)2]n, [Cd(mptrz)X]n (X = I and Br), [Cd(mptrz)(l-X)]n

(X = Cl and Br) and [Cd3(l3-OH)2(mptrz)4]n [10],

[Ag2(mptrz)(l3-X)]n (X = I and Br) and [Pb4(l4-O)(mpt-

rz)4(l-X)2] (X = I and Cl) [11], [Ag2(NCS)2(l-Hmptrz)2]n

[12], and [Me3Sn(mptrz)]n and [Ph3Sn(mptrz)]n [13].

Recently some of us reported preparation and characteriza-

tion of discrete [Hg(mptrz)2Cl2] and [Hg(mptrz)2Br2]

complexes [7]. These compounds were synthesized by the

reaction of 4-methyl-4H-1,2,4-triazole-3-thiol and HgCl2
and HgBr2 in methanol, respectively. Herein, HgX2 adducts

of 4-methyl-4H-1,2,4-triazole-3-thiol in the presence of

ethylene diamine have been synthesized and characterized as

[Hg(l-mptrz)2]n (1), {[H2en][Hg2(mptrz)4(l-Br)2]} (2), and

{[H2en][Hg2(mptrz)4(l-I)2]} (3) complexes. Complex 1 is a

polymeric compound while 2 and 3 have binuclear structures.

Results and discussion

Synthesis of 1, 2, and 3

Compound 1 was obtained from the reaction mixture of

two equivalents of 4-methyl-1,2,4-triazole-3-thiol and one
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equivalent of ethylene diamine in CH3OH with one

equivalent of HgX2 (X = Cl, OAc, and SCN in CH3OH or

NO3 in a mixture of CH3OH/H2O) at room temperature.

Compounds 2 and 3 were also obtained from the reaction

mixture of two equivalents of 4-methyl-1,2,4-triazole-3-

thiol and one equivalent of ethylene diamine in CH3OH

with one equivalent of HgX2 (X is Br in 2 and I in 3) in

CH3OH at room temperature. Suitable crystals of 1, 2, and

3 were obtained for X-ray diffraction measurement by

methanol diffusion into a DMSO solution. The synthetic

routes of these complexes are shown in Scheme 1.

Spectroscopic characterization of 1, 2, and 3

Infrared spectra in Table 1 show the vibration frequencies

for free and coordinated Hmptrz and en ligands in com-

pounds 1, 2, and 3. The infrared spectrum for compound 1

shows several bands in the region of 3,114–2,908 cm-1,

which are assigned to the C–H stretching of the triazole

ring and methyl group. The vibrational bands in the region

of 3,104–2,572 cm-1 for compounds 2 and 3 are assigned

to the N–H and C–H stretching vibrations of the ethylene

diammonium and C–H stretching vibration of the triazole

ring and methyl group.

The band observed at 2,642 cm-1 in the IR spectrum of

free Hmptrz ligand is assigned to –SH stretching vibration.

This band disappears for the complexes of 1, 2, and 3,

showing the deprotonation of the Hmptrz ligand and for-

mation of Hg–S bond [13].The bands observed in the range

of 1,650–1,200 cm-1 are assigned to C–N, N–N, and C=N

stretching vibrations and/or N–H deformation vibrations.

The medium to strong vibrations in the region of

1,165–500 cm-1 are assigned to the C=S stretching and

C=S, N–N, and C–N deformation vibrations [8–10, 14, 15].

The Hg–N stretching vibration for complex 1 is seen at

360 cm-1. The Hg–S stretching vibrations are found at

326 cm-1 for 1, 353 and 332 cm-1 for 2, and 351 and

335 cm-1 for 3. In addition, the bands observed at 258 and

252 cm-1, which are absent in the IR spectrum of 1, are

assigned to Hg–X stretching vibrations for 2 and 3,

respectively [16–21].

The electronic absorption spectra of dimethyl sulfoxide

solutions of 1, 2, and 3 have broad bands in the region of

261-268 nm, which are assigned to the intra-ligand p–p*

transitions [8], and a weaker band at 418 nm for 3 is

assigned to the I ? Hg LMCT (ligand to metal charge

transfer) [22, 23].

The 1H NMR spectra of 1, 2, and 3 exhibited a singlet

around 3.5 ppm for the methyl group and a singlet around

8.3 ppm for the =C–H of triazole ring. The 1H NMR

spectra of 2 and 3 also exhibited a singlet around 2.9 ppm

for the –C–H of ethylene diammonium. For complexes 2

and 3, a broad singlet signal which was exchangeable with

D2O around 4 ppm is due to the two –NH3
? groups. The

1H NMR data showed that the signal of the –SH proton

(13.65 ppm) in the spectrum of the ligand is absent in the

spectra of title compounds, indicating the removal of the –

SH proton and the formation of Hg–S bonds [13]. The 13C

NMR spectra of 1, 2, and 3 showed a singlet at around

33 ppm for the methyl group and two singlets at
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144–161 ppm for the triazole ring. The 13C NMR spectra

of 2 and 3 also exhibited a singlet at around 36 ppm for –

CH2 of ethylene diammonium.

The luminescence emission spectra of Hmptrz, en, 1, 2,

and 3 were obtained in DMSO at room temperature and the

results are displayed in Fig. 1. As shown in Fig. 1a

(kex = 261 nm), Hmptrz exhibits a broad luminescent

emission centered at 322 nm and 1 displays a broad

luminescent emission at 325 nm. The luminescent emis-

sion of complex 1 is stronger than that of the free Hmptrz

ligand. As shown in Fig. 1b (kex = 264 nm), the en and

Hmptrz exhibit a broad luminescent emission centered at

310 and 328 nm, respectively, and 2 displays a broad

luminescent emission at 313 nm. There are blueshifts of

the emission energies of Hmptrz after coordination to

Hg(II) for 2 (15 nm blueshifted compared to the related

emission band). The luminescent emission of complex 2 is

stronger than that of the free en and Hmptrz ligands. As

shown in Fig. 1c (kex = 268 nm), the en and Hmptrz

exhibit a broad luminescent emission centered at 313 and

334 nm, respectively, and 3 displays a broad luminescent

emission at 318 nm. There are blueshifts of the emission

energies of Hmptrz after coordination to Hg(II) for 3

(16 nm blueshifted compared to the related emission band).

The luminescent emission of complex 3 is stronger than

that of the free en and Hmptrz ligands. The shapes of the

luminescence emission spectra for Hmptrz, en, 1, 2, and 3

are similar, so the emission properties of these compounds

are believed to have originated from p* ? p or p* ? n

transitions in en and Hmptrz ligands [24–28].

Thermal studies of 1, 2, and 3

The thermal stability of [Hg(l-mptrz)2]n (1),

{[H2en][Hg2(mptrz)4(l-Br)2]} (2), and {[H2en][Hg2(mpt-

rz)4(l-I)2]} (3) has been determined on single-crystalline

samples between 30 and 780 �C in an air atmosphere

during 75 min with a heating rate of 10 �C min-1 by

Table 1 Selected IR frequencies/cm-1 of Hmptrz, en, and complexes 1–3

Compound m(C–H)cycle,
m(N–H)

m(C–H) m(S–H) m(C–N), m(C = N),
m(N–N)

m(C = S), d(C = S),
d(C–N), d(N–N)

m(Hg–N) m(Hg–S) m(Hg-X)a

Hmptrz 3,116, 3,015 2,942, 2,885 2,642 1,554, 1,491, 1,358,
1,321

1,150, 1,038, 945,
851, 783, 536

– – –

en 3,358, 3,284 2,926, 2,854, 2,746 – 1,597, 1,461 1,165, 1,096, 1,054,
900, 512

– – –

1 3,114, 3,005 2,950, 2,908 – 1,507, 1,417, 1,355,
1,320

1,164, 1,064, 1,037,
859, 691, 653

360 326 –

2 3,104, 3,020 2,915, 2,845, 2,754 – 1,648, 1,520, 1,480,
1,419, 1,356

1,162, 1,067, 1,026,
830, 698, 652

– 353,332 258

3 3,109, 3,015 2,927, 2,850, 2,756 – 1,647, 1,518, 1,467,
1,417, 1,354

1,161, 1,031, 830,
968, 696, 647

– 351,335 252

a X is Br for 2 and I for 3

Fig. 1 The luminescence spectra of a Hmptrz (4.63 9 10-4 M) and

1 (4.62 9 10-4 M) in DMSO at room temperature; excitation

wavelength = 261 nm; b Hmptrz (4.63 9 10-4 M), en

(4.66 9 10-4 M), and 2 (4.64 9 10-4 M) in DMSO at room

temperature; excitation wavelength = 264 nm; c Hmptrz

(4.63 9 10-4 M), en (4.66 9 10-4 M), and 3 (4.64 9 10-4 M) in

DMSO at room temperature; excitation wavelength = 268 nm
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thermogravimetric (TG) and differential thermal analyses

(DTA) (Fig. 2). The TGA curve of 1 (Fig. 2a) exhibits five

distinct weight loss steps. The two steps between 275 and

395 �C with a mass loss of 52.1 % correspond to the loss of

two mptrz- anions and the framework decomposes (calcd.

49.5 %). The DTA curve of 1 displays one distinct endo-

thermic peak at 285 �C and four distinct exothermic peaks

at 375, 415, 542, and 682 �C. For complex 2 (Fig. 2b),

TGA shows that chemical decomposition starts at about

195 �C and ends around 343 �C with the weight loss of

62.1 % corresponds to the removing of one ethylene

diammonium cation, two bromide anions, and four mptrz-

anions (calcd. 59.8 %). The DTA curve of 2 displays one

distinct endothermic peak at 205 �C and four distinct

exothermic peaks at 312, 405, 611, and 642 �C. Also, the

TGA curve of 3 (Fig. 2c) shows that chemical decompo-

sition starts at about 220 �C and ends around 360 �C with

the weight loss of 64.8 % corresponds to the removing of

one ethylene diammonium cation, two iode anions, and

four mptrz- anions (calcd. 63.0 %). The DTA curve of 3

displays two distinct endothermic peaks at 232 and

318 �C and two distinct exothermic peaks at 389 and

625 �C. By comparison with the data from JCPDS file

No. 37–1469, the solid residue formed at around 400 �C

for 1, 343 �C for 2, and 360 �C for 3, is suggested to be

orthorhombic mercury(II) oxide (HgO), which under

higher temperature is evaporated [29–32]. The X-ray

powder diffraction patterns of HgO as the final product

of thermal analysis for title complexes are shown in

Fig. 3.

Description of the molecular structure of 1, 2, and 3

Crystallographic data for 1, 2, and 3 are given in Table 2

and selected bond lengths and angles are presented in

Table 3. An ortep view of 1 is shown in Fig. 4. As it is

clear in this figure, the asymmetric unit of 1 is constructed

by one mptrz- anion and a half-occupied Hg(II) cation.

Crystal packing diagram for 1 is shown in Fig. 5. As it is

depicted in this figure, complex 1 has a one-dimensional

polymeric looped chain structure. Coordination

Fig. 2 Thermal behavior of a complex 1, b complex 2, and

c complex 3

Fig. 3 X-ray powder diffraction patterns of HgO, as the final product

of thermal analysis of 1 (a), 2 (b), and 3 (c)
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environment in this complex is made by two S atoms and

two N atoms from four mptrz- anions. Coordination

geometry can be considered as distorted tetrahedral

geometry. As shown in Table 3, the Hg–S and Hg–N bond

lengths, 2.440(2) Å and 2.370(7)Å, respectively, are within

normal range and are comparable with reported similar

structures [1, 2]. In the crystal packing of this complex, as

shown in Fig. 5, two neighboring mercury centers are

linked to each other through two mptrz- ligands to gen-

eration of 8-membered [Hg2S2C2N2] ring. The Hg���Hg

interatomic distance in the polymeric chains of 1 is

4.3511(6) Å. In the crystal structure of 1 (Fig. 5) there is no

p���p interaction between the triazole rings, and only

intermolecular C–H���N hydrogen bonds (Table 4) are

effective in the stabilization of the crystal structure and

formation of the 2-D supramolecular assembly.

Figures 6 and 7 show the molecular structures of two

centrosymmetric binuclear complexes of 2 and 3 linked

through halogen bridges. Both complexes crystallize in

the triclinic space group Pı̄ where the center of each

molecule is located over an inversion center of this

space group. The asymmetric units of 2 and 3,

{[H2en][Hg2(mptrz)4(l-X)2]} (X is Br for 2 and I for 3),

contain one half-molecule. The structure of these com-

plexes consists of [Hg2(mptrz)4(l-X)2]2- anions and

protonated ethylene diamine cations. The mercury cation

is four-coordinated by two S atoms from two mptrz-

anions and two (l-X)- anions in a distorted tetrahedral

geometry. The Hg–S average bond distance is 2.427(2) Å

and 2.438(2) Å in complexes 2 and 3, respectively. The

Hg–S bond distances are within the ranges of those for

other analogical mercury(II) complexes [2, 33]. The two

mercury and two halogen atoms constitute a perfect plane,

with no deviation from the least-diamond Hg2X2 plane in

2 and 3. The Hg1-Br1, Hg1-Br1i, Hg1-Hg1ii, Hg1-Br1-

Hg1ii, and Br-Hg1-Bri bridge bond distances and bond

Table 2 Crystallographic and structural refinement data for 1–3

1 2 3

Formula C6H8HgN6S2 C14H26Br2Hg2N14S4 C14H26I2Hg2N14S4

Formula weight 428.91 1,079.75 1,173.75

Temperature/K 298(2) 298(2) 298(2)

Wavelength k/Å 0.71073 0.71073 0.71073

Crystal system Orthorhombic Triclinic Triclinic

Space group Pnab Pı̄ Pı̄

Crystal size/mm3 0.11 9 0.10 9 0.09 0.30 9 0.40 9 0.50 0.40 9 0.30 9 0.25

a/Å 8.2482(11) 7.5772(7) 7.6459(7)

b/Å 10.1310(10) 10.1887(11) 10.2685(8)

c/Å 13.2382(13) 10.6747(12) 10.8386(10)

a/� 90 67.266(8) 66.142(6)

b/� 90 76.984(8) 77.021(7)

c/� 90 74.837(8) 75.709(7)

Volume/Å3 1106.2(2) 726.45(13) 746.65(11)

Z 4 1 1

Density (calc.)/g cm-1 2.575 2.468 2.610

h ranges for data collection 2.53–26.00 2.46–27.00 2.08–26.00

F(000) 792 502 538

Absorption coefficient 14.267 13.625 12.648

Index ranges -9 B h B 10 -9 B h B 9 -8 B h B 9

-12 B k B 12 -12 B k B 11 -12 B k B 12

-16 B l B 16 -13 B l B 13 -13 B l B 13

Data collected 5,861 6,479 6,287

Unique data (Rint) 1,091, 0.1062 3,155, 0.0821 2,933, 0.0691

Parameters, restrains 70, 0 166, 0 162, 0

Final R1, wR2 (obs. data) 0.0356, 0.0656 0.0512,0.1036 0.0379, 0.0958

Final R1, wR2 (all data) 0.0776, 0.0739 0.0783,0.1106 0.0472, 0.0995

Goodness of fit on F2 (S) 0.942 0.945 0.977

Largest diff peak and hole/e Å-3 1.689, -1.136 1.404, -2.240 2.187, -1.164

Dimeric and polymeric mercury(II) complexes 563
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angles are 2.8173(11) Å, 2.9059(11) Å, 4.1208(8) Å,

92.10(3)� and 87.90(3)�, respectively (i = -x ? 2,

-y ? 1, -z ? 2; ii = -x ? 1, -y ? 2, -z ? 1) and are

within normal range [2, 33–35]. The Hg1-I1, Hg1-I1ii,

Hg1-Hg1i, Hg1-I1-Hg1ii, and I-Hg1-Iii bridge bond dis-

tances and bond angles are 2.9899(6) Å, 3.0448(6) Å,

4.1931(7) Å, 88.022(17)� and 91.978(17)�, respectively

(i = -x, -y ? 1, -z ? 1; ii = -x ? 1, -y, -z ? 2)

and are within normal range [2, 36]. The additional

Hg���Si (i is 2 - x, 2 - y, 1 - z in 2 and -x, -y, 2 - z in

3) interaction in complexes of 2 and 3 are 3.276(2) Å and

3.3287(19) Å, respectively, and links all binuclear com-

plexes into one-dimensional chain polymer (Figs. 8, 9).

Thus, in the generated chain it is possible to note the short

distance Hg���Hgi (i is -x ? 2, -y ? 1, -z ? 2 in 2 and

-x, -y ? 1, -z ? 1 in 3) is 4.3082(8) Å and 4.3515(7) Å

for 2 and 3, respectively.

In the crystal structure of complex 2 (Figs. 8, 10), the

Hg���S interaction and p���p interaction between the triazole

rings, Cg2���Cg2i (distance = 3.437(6) Å, symmetry code:

2 - x, 1 - y, 1 - z, where Cg2 is centroid of the ring (N1/

N2/C2/N3/C1)) and intra- and intermolecular N–H���N and

C–H���N hydrogen bonds (Table 4) are effective in the

stabilization of the crystal structure and the formation of

the 3D supramolecular complex.

Figures 9 and 11 illustrate the crystal structure of 3,

where Hg���S interaction, p���p interaction between the

triazole rings, Cg2���Cg2i (distance = 3.465(5) Å, sym-

metry code: -x, 1 - y, 2 - z, where Cg2 is centroid of

the ring (N1/N2/C2/N3/C1)) and intra- and intermolecular

N–H���N and C–H���N hydrogen bonds (Table 4) result

in a 3-D supramolecular complex, in the crystal structure

of 3.

Conclusion

A new coordination polymer of complex [Hg(l-mptrz)2]n

(1) has been synthesized by the reaction of the Hmptrz

ligand and HgCl2 presence of ethylene diamine in metha-

nol. This complex was also prepared from the reaction of

the Hmptrz ligand in the presence of ethylene diamine with

Hg(OAc)2 and Hg(SCN)2 in methanol and Hg(NO3)2�H2O

in a mixture of methanol/water. Two new centrosymmetric

binuclear complexes of {[H2en][Hg2(mptrz)4(l-Br)2]} (2)

and {[H2en][Hg2(mptrz)4(l-I)2]} (3) have been synthesized

by the reaction of the Hmptrz ligand and HgBr2 and HgI2

in methanol, respectively, in the presence of ethylene

diamine. All of these complexes were fully characterized.

Experimental

4-Methyl-1,2,4-triazole-3-thiol was purchased from

Aldrich, and used as received. Other materials were pur-

chased from Merck and used without further purification.

Table 3 Selected bond distances/Å and bond angles/8 for 1–3

Compound 1a

Hg1-N1#1 2.370(7) N1#2-Hg1-N1#1 97.9(4)

Hg1-S1 2.440(2) N1#2-Hg1-S1#3 102.1(2)

Hg1���Hg1#1 4.372 N1#1-Hg1-S1#3 105.6(2)

Compound 2b

Hg1-Br1 2.8173(11) S1-Hg1-S2 140.78(9)

Hg1-Br1#2 2.9059(11) S1-Hg1-Br1 98.39(6)

Hg1-S1 2.416(2) S2-Hg1-Br1 112.43(7)

Hg1-S2 2.438(3) S1-Hg1-Br1#2 101.64(7)

Hg1���Hg1#1 4.1208(8) S2-Hg1-Br1#2 103.09(6)

Hg1-Br1-Hg1#2 92.10(3) Br1-Hg1-Br1#2 87.90(3)

Compound 3c

Hg1-I1 2.9899(6) S1-Hg1-I1 95.64(4)

Hg1-I1#2 3.0448(6) S2-Hg1-I1 113.31(5)

Hg1-S1 2.4335(19) S1-Hg1-I1#2 101.41(5)

Hg1-S2 2.444(2) S2-Hg1-I1#2 102.92(4)

Hg1���Hg1#1 4.1931(7) I1-Hg1-I1#2 91.978(17)

S1-Hg1-S2 141.07(7) Hg1-I1-Hg1#2 88.022(17)

a Symmetry codes: #1 -x ? 2, -y ? 1, -z ? 1; #2 x - 1/2, -

y ? 1, z; #3 -x ? 3/2, y, -z ? 1
b Symmetry codes: #1 -x ? 2, -y ? 1, -z ? 2; #2 -x ? 1, -

y ? 2, -z ? 1
c Symmetry codes: #1 -x, -y ? 1, -z ? 1; #2 -x ? 1, -y, -z ? 2

Fig. 4 The molecular structure of [Hg(l-mptrz)2]n (1), with the

atom-numbering scheme and 50 % probability displacement ellip-

soids; symmetry codes: (i) 3/2 - x, y, 1 - z; (ii) 2 - x, 1 - y, 1 - z;

(iii) -1/2 ? x, 1 – y, z
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Infrared spectra (4,000–250 cm-1) of solid samples were

taken as 1 % dispersion in CsI pellets using a Shimadzu-

470 spectrometer. NMR spectra were recorded on a Bruker

AC-300 spectrometer for protons at 300.13 MHz and for
13C at 75.45 MHz in DMSO-d6. Melting points were

obtained on a Kofler Heizbank Rechart type 7,841 melting

point apparatus. Elemental analysis was performed using a

Heraeus CHN-O Rapid analyzer. Thermal behavior was

measured with a STA 503 Bähr apparatus. UV–Vis spectra

were recorded on a Shimadzu 2100 spectrometer using a

1 cm path length cell in DMSO at room temperature, and

luminescence spectra were recorded on a Perkin Elmer LS

45 using a 1 cm path length cell. The X-ray powder dif-

fraction (XRD) measurements were performed using a h/h
STADIP diffractometer of Stöe company with monochro-

matizes Cu Ka radiation.

Catena-Poly[bis[l-(4-methyl-1,2,4-triazole-3-thiolato-

j2N,S)]mercury(II)] [Hg(l-mptrz)2]n (1, C6H8HgN6S2)

4-Methyl-1,2,4-triazole-3-thiol (0.37 g, 3.20 mmol) was

dissolved in a mixture of 10 cm3 methanol and 8 cm3

ethylene diamine (0.2 M in methanol solution, 1.60 mmol).

The solution was then stirred for 5 min and added gradually

to a solution of 0.43 g mercury(II) chloride (1.60 mmol) in

Fig. 5 Crystal packing diagram

for [Hg(l-mptrz)2]n (1).

Intermolecular interactions are

shown as dashed lines

Table 4 Hydrogen bond geometry for 1–3 in crystal packing

D-H���A D-H/Å H���A/Å D���A/Å D-H���A/� Symmetry code

1 C2-H2���N2 0.9300 2.6100 3.169(14) 119.00 2 - x, -y, 1 - z

N7-H7A���N1 0.8900 2.5600 3.271(13) 137.00 –

N7-H7A���N2 0.8900 1.9600 2.841(12) 169.00 –

2 N7-H7B���N5 0.8900 2.0000 2.885(12) 171.00 –

N7-H7C���N4 0.8900 2.0000 2.874(12) 168.00 1 - x, 1 - y, 2 - z

C7-H7D���N1 0.9700 2.5600 3.340(15) 137.00 2 - x, 1 - y, 2 - z

N7-H7A���N6 0.8900 2.0000 173.00 2.882(10) 1 - x, 1 - y, 1 - z

N7-H7B���N5 0.8900 2.0100 171.00 2.888(9) –

3 N7-H7C���N2 0.8900 2.5700 136.00 3.271(10) –

N7-H7C���N3 0.8900 1.9700 169.00 2.848(9) –

C7-H7E���N2 0.9700 2.5800 134.00 3.320(11) -x, 1 - y, 1 - z
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10 cm3 CH3OH at room temperature and the resulting white

precipitant was dissolved in DMSO. Suitable crystals for

X-ray diffraction measurement were obtained by methanol

diffusion into the colorless solution of 1 in DMSO over

1 week. It is notable that using 0.51 g Hg(OAc)2, 0.51 g

Hg(SCN)2 in 10 cm3 CH3OH or 0.55 g Hg(NO3)2�H2O in a

mixture of 5 cm3 CH3OH and 5 cm3 H2O resulted in the

same product as when using HgCl2 salt. Yield: 0.53 g

(77.2 %) for HgCl2, 0.51 g (74.3 %) for Hg(OAc)2, 0.54 g

(78.7 %) for Hg(SCN)2, 0.49 g (71.5 %) for

Hg(NO3)2�H2O; m.p.: 280 �C; IR (CsI): m = 3,114 m,

3005w, 2950w, 2908w, 1,507 s, 1,465 m, 1,417 s, 1,387 m,

1,355 s, 1,320 s, 1,202 s, 1,164 s, 1,064 s, 1,037 s, 968 m,

859 s, 691 s, 653 s, 512 m, 422 m, 360 m, 326 m cm-1;

UV–Vis (DMSO): kmax = 261 nm; 1H NMR (DMSO-d6):

d = 3.52 (s, 6H), 8.34 (s, 2H) ppm; 13C{1H} NMR (DMSO-

d6): d = 32.5 (s), 145.1 (s), 159.2 (s) ppm.

Ethylenediammonium [di-l-bromidotetrakis(4-methyl-

1,2,4-triazole-3-thiolato-jS)dimercury(II)] {[H2en]-

[Hg2(mptrz)4(l-Br)2]} (2, C14H26Br2Hg2N14S4)

4-Methyl-1,2,4-triazole-3-thiol (0.37 g, 3.20 mmol) was

dissolved in a mixture of 10 cm3 methanol and 8 cm3

ethylene diamine (0.2 M in methanol solution, 1.60 mmol).

The solution was then stirred for 5 min and added

gradually to a solution of 0.58 g HgBr2 (1.60 mmol) in

10 cm3 CH3OH at room temperature and the resulting

white precipitant was dissolved in DMSO. Suitable crystals

for X-ray diffraction measurement were obtained by

methanol diffusion into the colorless solution of 2 in

DMSO over 2 weeks. Yield: 0.66 g (76.4 %); m.p.:

202 �C; IR (CsI): m = 3,104 m, 3,020 m, 2,915 m,

2,845 m, 2,754 m, 2,572 m, 1,648 m, 1,520 s, 1,480 s,

1,419 s, 1,356 s, 1,222 s, 1,162 s, 1,067 m, 1,026 m,

970 m, 830 m, 795 m, 698 s, 652 s, 506 m, 445w,

353 m, 332 m, 258 s cm-1; UV–Vis (DMSO):

kmax = 264 nm; 1H NMR (DMSO-d6): d = 2.92 (s, 4H),

Fig. 6 The molecular structure of {[H2en][Hg2(mptrz)4(l-Br)2]} (2),

with the atom-numbering scheme and 50 % probability displacement

ellipsoids; symmetry codes: (1) 1 - x, 2 - y, 1 - z; (2) 2 - x, 1

- y, 2 - z

Fig. 7 The molecular structure of {[H2en][Hg2(mptrz)4(l-I)2]} (3),

with the atom-numbering scheme and 50 % probability displacement

ellipsoids; symmetry codes: (1) 1 - x, -y, 2 - z; (2) -x, 1 - y,

1 - z

Fig. 8 Polymer organization in 2 due to Hg…S interactions. Symmetry code: 2 - x, 2 - y, 1 - z
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3.52 (s, 12H), 4.28 (s, br, 6H, disappeared after D2O

exchange), 8.35 (s, 4H) ppm; 13C{1H} NMR (DMSO-d6):

d = 32.8 (s), 36.2 (s), 144.5 (s), 160.2 (s) ppm.

Ethylenediammonium [di-l-iodidotetrakis(4-methyl-1,2,4-

triazole-3-thiolato-jS)dimercury(II)] {[H2en][Hg2-

(mptrz)4(l-I)2]}(3, C14H26I2Hg2N14S4)

Complex 3 was prepared according to the procedure

described for complex 2. 4-Methyl-1,2,4-triazole-3-thiol

(0.37 g, 3.20 mmol) was dissolved in a mixture of 10 cm3

methanol and 8 cm3 ethylene diamine (0.2 M in methanol

solution, 1.60 mmol). The solution was then stirred for

5 min and added gradually to a solution of 0.73 g HgI2

(1.60 mmol) in 10 cm3 CH3OH at room temperature.

Suitable crystals for X-ray diffraction measurement were

obtained by methanol diffusion into the colorless solution

of 3 in DMSO over 2 weeks. Yield: 0.71 g (75.6 %); m.p.:

227 �C; IR (CsI): m = 3,109 m, 3,015 m, 2,927 m,

2,850 m, 2,756 m, 2,591 m, 1,647 m, 1,518 s, 1,467 s,

1,417 s, 1,393 m, 1,354 s, 1,207 s, 1,161 s, 1,138 m,

1,031 m, 968 m, 830 m, 788 m, 696 s, 647 s, 501 m,

444w, 351 m, 335 m, 252 s cm-1; UV–Vis (DMSO):

kmax = 268, 418 nm; 1H NMR (DMSO-d6): d = 2.85 (s,

4H), 3.50 (s, 12H), 3.98 (s, br, 6H, disappeared after D2O

exchange), 8.33 (s, 4H) ppm; 13C{1H} NMR (DMSO-d6):

d = 32.9 (s), 36.3 (s), 144.8 (s), 160.8 (s) ppm.

X-ray structure analysis

The X-ray diffraction measurements were made on a

Bruker APEX II CCD area detector diffractometer at

298 K (Mo Ka radiation, graphite monochromator,

k = 0.71,073Å). The structures of 1, 2, and 3 were solved

by SHELX-97 and absorption corrections were done using

the SADABS programs [37, 38]. Softwares including

Bruker APEX II (data collection and cell refinement) [39],

Bruker SHELXTL (data reduction) [40], and WinGX

(publication material) [41] were properly used. The

molecular graphics programs used were ORTEP-3 for

windows [42], PLATON, and MERCURY [43].

Fig. 9 Polymer organization in 3 due to Hg…S interactions. Symmetry code: -x, -y, 2 - z

Fig. 10 Crystal packing

diagram for

{[H2en][Hg2(mptrz)4(l-Br)2]}

(2). Intra and intermolecular N–

H���N and C–H���N hydrogen

bonds and p–p contacts are

shown as dashed lines
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Full crystallographic details are deposited with the

Cambridge Structural Database (CCDC Nos. 991304,

991305, and 991306 for 1, 2, and 3, respectively). Copies

of the data can be obtained free of charge on application to

CCDC, 12 Union Road, Cambridge CB21EZ, UK.
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