Bulgarian Chemical Communications, Volume 46, Number 1 (pp. 96 — 103) 2014

Synthesis, spectral characterization and theoretical investigation of some new
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Some new mercury complexes of a bidentate Schiff base ligand with two nitrogen atoms as donor sites have been
prepared and characterized by spectroscopic and analytical studies such as IR, UV-Vis, 'H NMR and *C NMR,
elemental analysis and molar conductivity. The IR spectrum of ligand showed the characteristic asymmetric and
symmetric vibrations of iminic groups at 1624 and 1620 cm™ respectively that were unified and shifted by 6-8 cm to
lower energies. The iminic proton signals of ligand were appeared as two doublets at 7.87 and 7.77 ppm that were
downfielded to 7.92-8.91 ppm after coordination to mercury ion in the complexes. The analytical data confirmed 1:1
ratio for ligand to metal salt in all complexes. The structural optimization of ligand and complexes was performed at the
UB3LYP/LANL2MB/ level of theory and then some important structural (Bond length(A), Bond angle(°) and Torsion
angle(®)) and theoretical energetic(HF-Energy, ZPE, AE, AG, AEciccronic and AH) data were derived. The bond
lengths(A) of Hg-N(1) and Hg-N(2) were decreased from from mercury chloride to mercury thiocyante complex and
then decreased in mercury azide complex. The bond angle (°) of N(1)-Hg-N(2) in the complexes was smoothly
increased from mercury chloride to mercury thiocyante complex and then decreased in mercury azide complex. The
opposite of this trend was evaluated for X(1)-Hg-X(2). Accordingly pseudo-tetrahedral geometry was suggested for all
complexes. Therefore the general formula for Hg(II) complexes is MLX that in which X= CI', Br’, I, SCN- and N3".
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INTRODUCTION

Schiff bases as an important class of chelating
ligands have played an important role in the
development of coordination chemistry because of
formation of various stable complexes with the
most transition metal ions [1-7]. Synthesis of new
Schiff bases and their metal complexes are still the
aim of many recent investigations due to the wide
applications of Schiff bases ligands and their
complexes in the biological and chemical fields [6-
10]. DNA cleavage activity [11], biomimetic
enzyme models [12-14], tumor growth inhibitors,
as antivirus, antifungal and antibacterial agents in
biological fields [15-18] and ability to reversibly
binding oxygen [19], their usage as catalysis [20-
23], liquid crystal [24, 25], pigments and dyes and
polymer stabilizers [26] in chemical fields are the
most important applications of Schiff bases. Also,
Schiff-bases with donors (N, O, S and etc.) have
structural similarities with neutral biological
systems and due to the presence of imine groups are

* To whom all correspondence should be sent:
E-mail: mmzohori@mail.yu.ac.ir

96

utilized in explanation of the mechanism of
transformation and racemization reaction in
biological system [27-29].

In the course of our studies on transition metal
Schiff base complexes [30-35], we report synthesis
and characterization a series of HgL. X, in which X=
CI, Br, I, SCN" and N3 with N, N'-bis((E)3-
phenylallylidene)-4-methyl-1,2-phenylendiamine
(L) as a new bidentate ligand. The structural
features of the Schiff base and their metal
complexes have been studied by various spectral
and analytical. Furthermore, the structural
optimization of ligand and complexes was
performed at the UB3LYP/LANL2MB/ level of
theory and then some important structural and
theoretical energetic data were derived.

EXPERIMENTAL
Materials and methods
Cinnamaldehyde, 4-methyl-1,2-phenylen-
diamine, mercury(II) halides and other chemicals
were purchased from either Aldrich, Merck or BDH
Chemicals. All of the chemicals used were
analytical grade. Solvents such as methanol and
dichloromethane were purified and dried before the
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use according to the standard methods. FT-IR
spectra as KBr pellets were recorded on a JASCO
FT/IR-680 spectrometer in the 4000-400 cm’
range. Electronic spectra were recorded in DMSO
and chloroform solutions on a JASCO-V570 model
spectrometer with quartz cells of 0.5cm path length.
'"H and *C NMR spectra were obtained using a
Brucker DPX FT-NMR spectrometer at S00MHz
with the samples dissolved in DMSO-ds mixture
using TMS as internal standard. Carbon, hydrogen
and nitrogen of dried samples were performed
using elemental analyzer. The melting points ("C)
of the complexes were recorded on BI Barnstead
melting point instrument. Conductivity
measurements of the ligand and their complexes
were made on freshly prepared 10 M solutions in
DMSO and/or chloroform at room temperature with
a Metrohm 712 conductometer with a dip-type
conductivity cell made of platinum black.
Theoretical optimization of the Schiff-base ligand
and its complexes were carried out at the
UB3LYP/LANL2MB/level of theory.

Preparation of N, N'-bis((E)3-phenylallylidene)-4-
methyl-1,2-phenylendiamin (L)

N, N'-bis((E)3-phenylallylidene)-4-methyl-1,2-
phenylendiamin (L) as a bidentate Schiff base was
synthesized by condensation reaction between 4-
methyl-1,2-phenylendiamine (5 mmol, 0.611 g) and
trans-cinnamaldehyde (10 mmol, 1.321 g) in 40 mL
diethyl ether as solvent under ice bath with rigorous
stirring for 5-6 h. After completion of the reaction,
the solvent was reduced under vacuum to give the
Schiff base as very viscous oil. For more
purification, the oil was washed twice with n-
hexane and dried under vacuum.

IR(KBr,cm™): 3376(m), 3051(w), 3024(w),
2916(w), 2848(w), 1624(s), 1600(s), 1582(s),
1507(s), 1448(s), 1382(w), 1302(m), 1150(w),
998(m), 848(w), 802(m), 751(s), 690(s). UV-Vis
[(CHCL;), Anm) (eMlem™)]: 296(37173) and
376(13002). '"H-NMR spectra (in DMSO-ds)(ppm):
7.87(d, 1H, J= 7.15 Hz), 7.77(d, 1H, J= 6.52 Hz),
7.66-7.42(m, 6H), 7.24(m, SH), 7.04(d, 2H, J=8.30
Hz), 7.00(bd, 2H, J= 8.20 Hz), 6.91(d, 2H, J= 8.45
Hz), 2.43(s, 3H).

Preparation of mercury complexes

A solution of ligand (1 mmol, 0.350 g) in 10 mL
methanol was added drop wise to a methanolic
solution (20 mL) of HgX, salts, in which X=
chloride, bromide, iodide, thiocyanate and azide
(mercury thiocyanate and azide were prepared
similar to previous report[31]), under severe stirring

under room temperature conditions. The complexes
were obtained after 2-3 h as colored precipitates
that were filtered and washed with ethanol for more
purification. Then complexes were dried at 80-100
°C under vacuum and were kept in a desiccator over
silica-gel.

HgLCl:

IR(KBr), cm™: 3434(m), 3055(w), 3026(w),
2919(w), 2854(w), 1618(vs), 1575(vs), 1564(vs),
1492(m), 1448(m), 1368(m), 1168(s), 992(m),
857(w), 807(m), 748(s), 686(s), 458(w). UV-
Vis[(CHCl;), Mnm) (e, Mem™)]: 326(44496) and
376(33708). '"H-NMR spectra (in DMSO-dg)(ppm):
8.77(bs, 2H), 7.68(bs, 4H), 7.58(bs, 3H), 7.42(bs,
6H), 7.24(m, 4H), 2.35(s, 3H). 3*C-NMR spectra (in
DMSO-ds)(ppm): 164.30, 163.56, 148.52, 148.12,
140.98, 138.75, 138.52, 134.88, 134.82, 130.68,
130.63, 129.20, 129.08, 129.00, 128.04, 127.99,
126.70, 119.72, 119.08, 20.73.

HglLBr::

IR(KBr), cm: 3445(m), 3054(w), 3026(w),
2919(w), 2852(w), 1618(vs), 1575(vs), 1562(vs),
1492(m), 1348(m), 1366(w), 1167(s), 990(m),
856(w), 748(s), 686(s), 458(w). UV-Vis[(CHCly),
Mnm) (e,M'em™)]: 327(39674) and 377(29963).
"H-NMR spectra (in DMSO-de)(ppm): 8.85(s, 1H),
8.84(s, 1H), 7.67(d, 4H), 7.62(m, 4H), 7.43(m, 6H),
7.34(d, 1H, J=7.90 Hz), 7.14(d, 2H, J= 14.10 Hz),
2.36(s, 3H). *C-NMR spectra (in DMSO-dg)(ppm):
164.46, 163.68, 149.02, 148.60, 140.84, 138.80,
138.62, 134.77, 134.72, 130.83, 130.77, 129.45,
129.14, 128.99, 128.91, 128.64, 126.36, 119.74,
119.12, 20.76.

HglLD:

IR(KBr), ecm™: 3466(m), 3053(w), 3024(w),
2920(w), 2856(w), 1616(vs), 1575(vs), 1561(vs),
1491(m), 1448(m), 1364(w), 1168(s), 985(s),
861(w), 806(m), 748(vs), 686(s), 458(w). UV-
Vis[(CHCl5), Mnm) (e, Mem™)]: 326(32623) and
376(23042). '"H-NMR spectra (in DMSO-de)(ppm):
7.92(d, 1H, J=16.50 Hz), 7.89(d, 1H, J=19.60 Hz),
7.73(bs, 6H), 7.51(m, 4H), 7.29(m, 5H), 7.27(d,
2H, J=16.05 Hz), 3.17(s, 3H).

HgL(SCN).:

IR(KBr), em™: 3481(m), 3056(w), 3025(w),
2922(w), 2853(w), 2118(vs), 1617(vs), 1575(vs),
1562(vs), 1493(m), 1448(m), 1368(m), 1169(s),
993(m), 853(w), 750(s), 685(m), 462(w). UV-
Vis[(DMSO), A(nm) (e,M'em™)]: 333(41070) and
379(32160). '"H-NMR spectra (in DMSO-de)(ppm):
8.91(bs, 2H), 7.63(m, 6H), 7.44(m, 5H), 7.19(m,
4H), 6.75(m, 1H), 6.53(m, 1H), 2.37(s, 3H). 13C-
NMR spectra (in DMSO-ds)(ppm): 164.72, 163.96,
149.30, 148.91, 141.00, 138.80, 138.71, 134.77,
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134.72, 130.76, 130.70, 129.38, 129.02, 128.24,
128.20, 127.86, 127.44, 126.39, 119.86, 119.24,
20.68.

HgL(N3)2.'

IR(KBr), em™: 3453(m), 3055(w), 2926(w),
2853(w), 2035(vs), 1616(m), 1575(m), 1490(w),
1448(m), 1367(w), 1166(m), 995(m), 858(w),
752(m), 685(m), 458(w). UV-Vis[(CHCl3), M(nm)
(e,Mem™)]: 323(33768) and 377(24461). 'H-NMR
spectra (in DMSO-ds)(ppm): 8.55(bs, 2H), 7.78(m,
2H), 7.66(m, 4H), 7.41(m, 8H), 7.20(m, 2H),
6.99(s, 1H), 2.33(s, 3H).

RESULTS AND DISCUSSION

Physical data

The Schiff base ligand, N, N’-bis((E)3-
phenylallylidene)-4-methyl-1,2-phenylendiamin (L)
was prepared by condensation of trans-
cinnamaldehyde = and  4-methyl-1,2-phenylen-
diamine in a 2:1 molar ratio. Some Schiff base
complexes of mercury(Il) were synthesized
successfully with this ligand and the structure of
ligand and its complexes was confirmed by the data
obtained from elemental analysis, IR, UV-Vis and
'H and "*C NMR spectra. Elemental analyses and
other physical properties of the ligand and its
complexes are summarized in table 1. The results of
the elemental analyses are in a good agreement
with the proposed formula. The molar conductivity
of ligand and all mercury complexes have been
recorded in the solutions of chloroform (107 M)
except for HgL(N3), that measured in DMSO at
room temperature. The range of molar conductivity
(0.44-15.840 cm? Q'M™) exhibit all complexes are
naturally non-electrolytes [36].

IR spectra

The most important infra-red frequencies of the
Schiff base ligand (L) and its complexes are listed
in table 2. In the spectrum of ligand, appearance of
the strong bands at 1624 and 1620 cm™ that are
assigned to the asymmetric and symmetric
stretching modes of the azomethine groups,
v(C=N), indicating that the condensation has been
occurred successfully. In the spectra of all
complexes this peak shifted about 6-8 cm™ to the
lower energies [37, 38]. The lowering in frequency
of vibration of the azomethine (C=N) bond in the
complexes spectra is an evidence that the Schiff
base has been bonded to the mercury ion. In the
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spectrum of ligand, the absorption bands assigned
to aromatic, aliphatic and iminic CH were appeared
at 3051 and 3024, 2916 and 2848 cm’,
respectively. For all complexes, these bands have
smoothly shifted to the higher frequencies. The
stretching frequency in the spectrum of ligand at
1582 cm! is assigned to the olefinic moieties [39],
v(C=C), that shifted to the lower frequency after
coordination of ligand to the metal ion. The most
important absorption bands in the spectra of
complexes that are observed as week peaks at the
region 446-474 cm' maybe assigned to stretching
frequency of M-N [40]. In the IR spectrum of
HgL(SCN)., the strong absorption peak at 2118 cm’
' is assigned to coordination of —SCN(S-
coordinated) to the mercury ion while the peal at
2035 cm! in the spectrum of HgL(N;); is attributed
to coordination of the N3 to metal ion [41, 42].

Electronic Spectra

The spectral data including the Amax are shown in
table 2. Electronic spectra of the ligand and its
complexes were measured in CHCl; except for
HgL(N3), that was recorded in DMSO at room
temperature. In the spectrum of ligand two
absorption bands are appeared. One of them is due
to m- m* electron transfer of aromatic rings that is
appeared at 296 nm and the other one at 376 nm is
attributed to m- m* transition of the azomethine
group which is mainly localized within the imine
chromophore. In the electronic spectra of the
complexes, the absorption band of aromatic rings
shifted to the higher wavelengths. Observation of
electronic spectra of complexes exhibited that the
iminic band for entries 3, 5 and 6 shifted a few
nanometers to higher wavelengths and for entries 2
and 4, this band had not shift. Each two transition
bands are found to have more intensity after
coordination of ligand to metal ion. For the
complexes of I[IB transition metals, the d-d
transition bands are not expected due to &'’ electron
configuration. In these types of complexes, the
most important bands are charge transfer (L-M)
transition. In the electronic spectra of titled
complexes, the bands of charge transfer (L-M)
transition were not observed that may be because of
overlapping of it with m-nt* transition of the ligand
[43]. According to our previous report on this type
of ligands, the suggested structure for the
complexes is pseudo-tetrahedral [30, 31, 44] as
drawn in fig. 1.
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Fig. 1. Suggested structure for the complexes with general formula
HgLX, wherein X= CI, Br, I, SCN-, N5

Table 1. Synthetic, analytical and conductivity data for the ligand and its complexes.

Found (Calcd.) (%) A
. M
0 0,
Compound Color M.p.(°C)  Yield (%) C N q (cm? QM1
. Light Viscose
1 Ligand yellow oil 81 85.38 (85.68) 8.19(7.99) 6.13(6.33) 0.313
2 HgLCl Brown  183(dec.) 71 48.48(48.28) 438(4.50)  3.46(3.57) 0.440
3 HgLBrn Orange  172(dec.) 70 42.34(42.24) 4.04(4.94)  3.22(3.12) 3.297
4 HgLl Brown  172(dec.) 88 37.52(37.31) 3.39(3.48)  2.86(2.76) 1.399
5 HgL(SCN)2 Brown 161(dec.) 70 - - - 0.912
6 HgL(N3)2 Brown 169(dec.) 72 - - - 15.840
Table 2. Infra-red (cm’") and UV—Vis (nm) spectral data of the Schiff-base ligand and its complexes.
Compounds vCHarom. vCHaliph. VC_Hi vC=N vC=C VC(H) VC(_C) vM-N —SCN/-Nj3 Amax
min arom(oop, arom(oop
1 Ligand 3051, 3024 2916 2848 1624 1582 751 690 - - 296, 376
2 HgLCl2 3055, 3026 2919 2854 1618 1575 748 686 458 - 326, 376
3 HgLBr 3054, 3026 2919 2852 1618 1575 748 686 458 - 327,379
4 HgLlx 3053, 3024 2920 2856 1616 1575 748 686 458 - 326, 376
5  HgL(SCN). 3056, 3025 2922 2853 1617 1575 750 685 462 2118 333,379
6 HgL(Ns)2 3055 2926 2853 1616 1575 752 685 458 2035 323,379
1H and C NMR spectra coorfhr%at'lon of ligand to metal ion, the shapes Qf
the iminic protons peaks have been changed in
The 'H and *C NMR spectra of ligand and its some cases. For example, these signals in the
complexes were recorded in  deuterated entries 2, 5 and 6 overlapped together and were

dimethylsulfoxide (DMSO-d¢) at 500 MHz. The
results obtained from the studies of 'H and *C
NMR spectra exhibit that the data are in agreement
with pseudo-tetrahedral structure that is proposed
for complexes (fig 1.). According to 'H NMR
spectrum of ligand, the signal of methylene protons
(3Hq) appeared at 2.43 ppm as a singlet. This signal
shifted to up fields after coordination of ligand to
mercury ion except in entry 4 that shifted to 3.17
ppm. Because of unsymmetrical structure of ligand,
the signals of iminic protons have different
chemical shifts and showed as individual doublet
signal at 7.87 ppm for 1H. and 7.77 ppm for 1He¢
due to coupling with 1Hr and 1Hy respectively that
shifted to weaker fields in the '"H NMR spectra of
all complexes in relative to free ligand. After

shown as broad singlet. The changes in the
locations and shapes of iminic protons resonance
signals are other evidences to confirm the synthesis
of Schiff base complexes. In the spectrum of
ligand, the signals of 4Hh n, jand j and 3H i i and c are
appeared as multiplet signals at 7.42-7.66 and 7.24
ppm respectively. The resonance of 1H. and 1H,
were observed at 7.04 ppm as a broad doublet
signals that were shifted to down field after
complexation in the complexes. In the spectrum of
ligand, the signal of olefinic protons 1Hf and 1Hg
appeared at 7.00 ppm as a broad doublet that had a
red shift in the spectra of all complexes. 1H, and
1Hy exhibited a doublet signal at 6.91 ppm due to
coupling with 1Hr and 1Hr respectively. In the
spectra of all complexes, this signal shifted to down
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fields except for complex of entry 5 that shifted to
up fields as two individual multiplet signals. The
BC NMR spectra of the complexes showed two
different signals for iminic carbons that appeared at
164.30-164.72 ppm for C; and at 163.56-164.96
ppm for C;. The signals of carbon atoms adjacent to
the donor nitrogen atoms, Ci4 and Cg were appeared
in weaker fields at the region 148.52-149.30 ppm
and 148.12-148.91 ppm respectively. Also the
resonances of methyl carbon atoms (Ci2) were
observed at the range of 20.68-20.76 ppm. In the
3C NMR spectrum of HgL(SCN), the resonance at
129.38 ppm may be assigned to carbons of SCN-
moiety. The other signals are appeared as it has
listed in the experimental section. FT-IR, UV-
visible, 'H-NMR and "*C-NMR spectra of HgLCl,
are depicted in figure 2 as typical spectra.

Optimization of structures

The structure of ligand and its mercury
complexes was optimized theoretically at the level
of UB3LYP/LANL2MB. The optimized structures
of ligand, HgLBr, and HgL(N3), are shown in
Fig%re 3. The results predict the pseudo-tetrahedral
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geometry for all complexes. Some energetic and
structural parameters are summarized at table 3and
4. HF energy, zero point energy, total energy,
Gibbs free energy, enthalpy, electronic energy and
corrected ones were evaluated in the ranges of -
1062.10 —(-1428.90), 0423-0.446, -1061.696-(-
1428.461), -1061.739-(-1428.518), -1061.655-(-
1428.410) respectively as seen in table 1. As shown
in table 4, the imine bonds of free ligand are
shortened after coordination to mercury ion due to
probable n-back bonding from mercury ion to 7* of
C=N bond of ligand. M-N(1) and M-N(2) bonds are
shortened from mercury chloride to mercury
thiocyanate complex and then lengthened at azide
complex. The angle of N(2)-Hg-N(1) is increased
from mercury chloride(72.446°) to mercury
thiocyanate complex(73.598°) and then decreased
at azide complex(68.335°). The angle of X(1)-M-
X(2) show a reverse trend with respect to N(2)-Hg-
N(1) so that is decreased from mercury
chloride(129.603°) to  mercury thiocyanate
complex(125.858°) and then increased at azide
complex(169.605°). The torsion angles around the
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Fig. 2. The FT-IR(a) UV-visible(b), 'TH-NMR(c) and *C-NMR(d) spectra of HgLCl,
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Fig. 3. Optimized structure of ligand and two complexes
Table 3. Some energetic parameters derived for optimized structure of complexes.
HF corrected corrected Corrected Total corrected
Compound g ey ZPE ZPE total AE AG AG AEcia AH AH
ligand -1062.10  0.423 0.406 -1061.696  -1061.739  -1061.755 -1061.656  -1061.655 -1061.671
HgLCl2 -1134.90  0.426 0.409 -1134.490  -1134.545  -1134.561 -1134.443  -1134.442 -1134.458
HglLBrn -1131.35  0.426 0.409 -1130.940 -1130.996  -1131.012 -1130.894  -1130.893 -1130.909
HgLlx -1127.80  0.425 0.409 -1127.388 -1127.443  -1127.459 -1127.342  -1127.341 -1127.357
HgL(SCN)2  -1308.40 0.444 0.426 -1307.969  -1308.026  -1308.042 -1307.919  -1307.918 -1307.935
HgL(Ns)2 -142890  0.446 0.429 -1428.461 -1428.518  -1428.535 -1428.410  -1428.410 -1428.427
Table 4. Selected bond distances, bond angles and torsion angles of optimized structures.
Selected data L HgLClL2 HgLBr2 HgLl HgL(SCN)» HgL(N3)2
Bond length(A)
Hg-N(1) - 2.377 2.373 2.370 2.355 2.510
Hg-N(2) - 2.375 2.373 2.368 2.369 2.504
Hg-X(1) - 2.622 2.786 2.985 2.754 2.265
Hg- X(2) - 2.620 2.787 2.987 2.759 2.262
C(7)=N(1) 1.331 1.339 1.339 1.340 1.340 1.336
C(7)=N(2) 1.330 1.338 1.338 1.340 1.342 1.336

Bond angle(®)

N(2)-Hg-N(1) - 72.446 72.695 72.989 73.598 68.335
N(2)-Hg-X - 106.889 112.268 112.05 111.394 92.636
N(2)-Hg-Y - 105411 109.876 111.63 112.989 96.022

N(1)-Hg-X(1) - 113.928 106.908 108.30 114.820 92.936

N(1)-Hg-X(2) - 114.292 112.138 110.51 106.242 95.595

X(1)-M-X(2) - 129.603 128.942 127.88 125.858 169.605

Torsion angle(®)

N(1)-C(8)-C(14)-N(2) 0.089 -1.700 -1.281 -0.801 2.079 -1.708
N(1)-C(7)-C(6)-C(5) -1.015 -27.649 -26.509 -25.775 -26.838 25.321
N(2)-C(7")-C(6)-C(5") -179.181 -179.625 -178.869 2423 177.861 179.032
C(6)-C(5)-C(4)-C(3) 179.63 -179.812 -179.422 -179.83 169.894 177.325

C(6')-C(5')-C(4')-C(3") -0.429 174.951 -4.114 -2.948 -5.738 -1.431
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C(8)-C(14), C(7)-C(6), C(7")-C(6"), C(5)-C(4) and
C(5")-C(4") based on numbering in the figure 1,
were extracted from optimized structures and
tabulated in table 4. As seen in table 4, torsional
angles suggest the non-planer structure of ligand in
all compounds. Two azomethine nitrogens are not
in a plane and have an angle in the range of 0.089°-
(-2.079) © with respect to each other. The imine and
olefin bonds have torsional angles of -27.649° to -
1.015° and -178.869° to 179.032° in both sides of
ligand structure of complexes. The left and right
phenyl rings of aldehyde section of ligand have
torsional angles of -179.83° to 179.63° and -5.738°
to 174.951° respectively with respect to the
conjugated olefin bonds in the ligand and its
complexes.

CONCLUSION

In this work, we reported the synthesis of some
new mercury complexes of a bidentate Schiff base
ligand. These compounds were characterized by
spectroscopic and analytical studies such as IR,
UV-Vis, 'TH NMR and "*C NMR, elemental analysis
and molar conductivity. The general formula of
MLX; was proposed for Hg(II) complexes in which
X is CI, Br, I, SCN™ and Ns'. Furthermore, the
structural ligand and complexes were optimized at
the UB3LYP/LANL2MB/ level of theory and then
some important structural (Bond length(A), Bond
angle(°) and Torsion angle(°)) and theoretical
energetic(HF-Energy, ZPE, AE, AG, AEciccironic and
AH) data were derived. Consequently, the pseudo-
tetrahedral geometry was suggested for all mercury
complexes.
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S.B. Jiménez-Pulido, J.M. Martinez-Martos, M.J.

CHUHTES3A, CIIEKTPAJIHO OXAPAKTEPU3UPAHE 1 TEOPETHUYHO
N3CJIEABAHE 3A HAKOUN )XUBAYHHM KOMIIJIEKCHU C
KOOPAMHAIIMOHHO YMNCJIO YETHUPHA

M. MonTesposzoxopu *!, X. Tapaxon?, C. Xeupu', C.A. Mycasu', C.Jxxyxapu’

! Tenapmamenm no xumus, Yuusepcumem ¢ HAcyoac, SAcyoxc, Hpan
2llenapmamenm no xumus, Ynusepcumem 6 Hcehaxan, Hegaxan, Hpan
3 enapmamenm no gpynoamenmannu nayxu, Knon Scyoxc, Hensmcku ynuwepcumem Azao, Acyoxc, Hpan

[Moctenuna Ha 29 oxToMBpH, 2012 T.; KOpurupana Ha 9 anpui, 2013 r.
(Pesrome)

[MToxyuenn ca HOBHM KOMIUIEKCH Ha JKHMBaka ¢ JUranam oT OmpeHtatHH llIndoBm 6a3m c nBa a30THM aToMa KaTto
JIOHOPH OXapaKTEPU3HPAHH 4Ype3 CIIEKTPOCKOINYHH U aHAINTUYHH MeToau, kato IR, UV-Vis, 'H NMR u *C NMR,
€leMEHTEeH aHajlu3 M MOJIapHa MpoBoAUMOCT. IR-cliekTpuTe Ha JHraHguTe IIOKa3BaT XapaKTePUCTUYHH Ha
ACUMETPUYHA M CUMETPHYHM BUOPALMU HA MMUHO-TPYIIUTE MPH CHOTBETHO 1624 u 1620 cm!, kouto ce uspaBHsABAT U
oTMecTBar ¢ 6-8 ¢cm’! kbM mo-HucKH eHepruu. VIMMHHWTE NPOTOHHM CUTHAIM HA JMTAHAWTE CE TOABSBAT KATO [Ba
ny6nera nipu 7.87 u 7.77 ppm, KOUTO ce nmoHMkasar 10 7.92-8.91 ppm cien KOOpIUHUpPaHE KbM KMBAYHUTE HOHH B
Te3W KOMIUIEKCH. JlaHHWUTE OT aHajiu3uTe, MOTBBPJCHU NpU OTHOIIeHMe 1:1 3a JuraHguTe KbM METajlHaTa coJl BbB
BCHYKM KOMIUTeKCH. CTpyKTypHaTa ONTHMH3AalMs Ha JIMTAHIUTE W KOMIUIEKCHTE € MpPEeACTaBeHa IIPH HUBOTO
UB3LYP/LANL2MB Ha TeopusiTa 1 ca HOJy4eHH HAKOH BaXHM CTPYKTYPHHU IaHHH (IbDKHHA HA Bpb3KaTa (A), Brbn
Ha Bpb3Kata (°) and brea Ha ycykBaHe (°)) u Ha eHepreTinuHn xapakrepuctuku (HF-eneprus, ZPE, AE, AG, AEccxrponna
u AH). [Ismxunnte Ha Bpb3kata (A) Hg-N(1) u Hg-N(2) HamMansaBaT OT KOMILIEKCHTE MEPKYPU-XIOPHU KbM MEpPKypH-
THOLIMAHAT W 0 KOMIUIEKca MepKypu-a3ua. bremxpT Ha Bpb3kara (°) or N(1)-Hg-N(2) B KoMmIUIIeKcHTE ITaBHO
HaMaisBa OT KOMIUIEKCHUTE MEPKYPU-XJIOPHI KbM MEPKYpHU-THOLHAHAT W JI0 KOMIUIEKca MepKypu-a3ui. OOparHara
teHaeHuus ce 3abemsisBa 3a X(1)-Hg-X(2). IlceBno-teTpaenpudna reoMeTpusi ce INpeiara 3a BCHYKH KOMILIEKCH.
O6ma popmyna 3a Hg(Il)-kommiekcure e MLX, kbaero X= Cl, Br, I, SCN™ and N3
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