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ABSTRACT. Six new bismuth (///) complexes with dithiocarbamate {[NH (CH,CH,),
NCS]2Bil}, (1), [("Buz NCSy), Bill. (2), {[O (CH,CH,), NCS,],Bil}, (3),
{[ (CHy)s NCS;]. Bil}, (4), {(Bz2NCS,).Bil}, (5), {(Et.NCS;).Bil}, (6) were
synthesized by the reaction of bismuth triiodine and dithiocarbamate in 1:2
stoichiometry and characterized by elemental analysis, UV, IR and *H NMR. The
crystal structure of complex 1 was determined by X-ray single crystal diffraction.
The structure shows that the bismuth atom is rendered six-coordinated in a distorted
octahedron bipyramidal coordination geometries.
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1. Introduction

The chemistry of 1, 1’-dithiochelates of the main group elements is less widely
explored than that of the transition metals [1]. This is particularly so for the heavy
metal complexes and their structural characterization. A variety of coordination
modes have been noted in metal complexes involving dithiocarbmate ligands. In
many transition metal complexes involving the dithiocarbamate anion the anion acts
as a bidentate ligand forming equidistant M-S bonds [2]. Dialkyl-substituted
dithiocarbamate anions have proved to be highly versatile chelating agents for the
separation of metals as metal chelates using gas chromatography [3]. Their good
performance in liquid-liquid extraction and other analytical procedures [4] makes
them more attractive for the determination of metals using gas chromatography [5].
Some of dialkyl-substituted dithiocarbamate salts have also shown interesting
biological effects which include anti-alkylation [6, 7] or anti-HIV properties [8, 9].
They are also used as effective antidotes for cadmium intoxication [10, 11]. The
ability of dtc to bind to metal has been known for many years. It forms a chelate
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with virtually all transition elements [12]. Water-soluble dialkyldithiocarbamate
complexes are known to have been tested in various medical applications [13].
Bismuth complexes are used for the treatment of gastrointestinal disorders and may
also be useful for the treatment of other disease. Bi (III) exhibits a highly variable
coordination number [14-21] and often an irregular coordination geometry. The
coordination chemistry of Bi (III) with carboxylates and aminocarboxylates is
dominated by intermolecular interactions which leads to polymeric structure. Bi (111)
binds strongly to the thiolate sulfur of the tripeptide glutathione, however these
adducts are also kinetically labile which allows rapid translocation of Bi (III) inside
cells. However, the chemistry of main-group metal complexes with dithiocarbamate
has been scarcely studied, and few reports have appeared on the syntheses and
structures of the bismuth (III) complexes with dithiocarbamate.

As an extension of studies of bismuth complex and sulfur-containing ligands, we
synthesized six new bismuth (1I) complexes with dithiocarbamate {[NH
(CH2CH,), NCS;]; Bil}; (1), [ ("Buz NCS;), Bill, (2), {[O (CH2CH,), NCS;],
Bil}2 (3), {[(CH;)s NCS,],Bil}. (4), {(Bz2NCS;), Bil}. (5), {(Et.NCS;). Bil},
(6) were synthesized by the reaction of bismuth triiodine and dithiocarbamate in 1:2
stoichiometry and characterized by elemental analysis, UV, IR and *H NMR. The
details of the synthesis, structure and spectra characterizations of the complexes 1-6
are reported herein. The crystal structure of complex 1 was determined by X-ray
single crystal diffraction. The structure shows the bismuth (III) atom is rendered six-
coordinated in distorted octahedron bipyramidal coordination geometries.

2. Experimental

2.1 Gerenal Procedures

Bismuth triiodine was commercially available and used without further
purification. The melting points were obtained with Kolfer micro melting point
apparatus and were uncorrected. The elemental analyses were performed on a PE-
2400- 1I elemental analyzer. IR spectra were recorded on a Nicolet-460
spectrophotometer, as KBr discs. UV spectra were obtained on a UV 210A
spectrometer. *H NMR spectra were recorded on a Mercury Plus-400 NMR
spectrometer; chemical shifts were given in ppm relative to Me,Si in CDCI; solvent.
X-ray measurements were made on a Bruker Smart-1000 CCD diffractometer with
graphite monochromated Mo-Ka (0.071073 nm) radiation.

2.2 Preparation of the N, N’-dialkyldithiocarbamate sodium [Na (R2dtc)]

To a stirred solution of dialkyl-secondary amine (0.05 mol) in ethanol or
methanol (5 ml) was added, at less than 4°C, carbon disulfide (3.1 ml, 0.052 mol)
and sodium hydroxide (50% aqueous solution, 4 ml). After stirring for 4-5 h,
evaporation of the volatile was performed without heating. The pure [Na(R,dtc)]
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was obtained by recrystallization of ethanol (or methanol). The molecular structures,
melting points, abbreviation and yield of the six dithiocarbamate are shown as

follows (TABLE 1).
CH3CH,0H

OI‘C—H30H> RzNCSZNa + Hzo

CS, + R,NH + NaOH

Table 1 Structures, abbreviations and melting points of the dithiocarbamate

Structure Abbreviation Yield Melting point
S
HN N_Q_SNa NH (CH,CH;);NCS;Na | 91% 173°C
Bu\ ||S
N— C—SNa Bu,NCS;,Na 89% | decomposed (=2007C)
Bu”
o N— C—SNa 0] (CHchg)zNCSQNa 91% 182°C
_/
S
< :N_%_SNa (CH;)sNCS;Na 87.3% 179°C
Bz\ ||S
N— C—SNa Bz,NCS;Na 84% | decomposed (=200°C)
Bz
Bt I
N— C—SNa Et,NCS,Na 88% 163°C
7/
Et

2.3 Synthesis of bismuth complexes with dithiocarbamate

{[NH(CH,CH;),NCS,],Bil}, (1)

To a stirred acetonitrile (20 ml) solution of Bil; (0.1179 g, 0.2 mmol) was added
NH (CH,CH,),NCS,Na (0.0737 g, 0.4 mmol). The reaction mixture was stirred for
5 h at 45°C. An yellow solution was obtained and then filtered. The solvent is
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gradually removed by evaporation under vacuum until a soild product is obtained.
The soild is recrystallized from ethanol and the orange-red crystal is formed. Yield
78%. m.p. 243°C (dec.). Anal. Calcd (%) for CyH3sNgSgBiyl, (Mr=1316.81): C,
18.24; H, 2.76; N, 8.51. Found : C, 18.42; H, 2.38; N, 8.39. '"H NMR (CDCl;) & :
2.65 (M, 16H, NHCH,), 2.48 (m, 16H, NCHy), 2.08 (m, 4H, NH). IR (KBr) v(cm™):
3440, 2850, 1634, 1493, 1406, 1378, 1310, 1238, 1124, 1005, 987, 946, 887, 552,
476.

[("Bu2NCS;),Bil] (2)

The method of synthesis of the complex 2 was similar as described for 1. The
resulting solid was recrystallized from acetonitrile to give orange crystals. Yield
78%. m.p. 207°C (dec.). Anal. Calcd (%) for C3sH72N4SgBi,l, (Mr=1489.27): C,
29.03; H, 4.87; N, 3.76. Found : C, 29.33; H, 4.56; N, 3.92. '"H NMR (CDCl;) & :
3.65 (t, 16H, N-CH,-), 1.55-1.30 (m, 32H, -CH,-CH,-), 0.96 (t, 24H, -CH3). IR
(KBr) v(cm™): 3393,2980 2935, 2867, 2850, 1635, 1481, 1406, 1384, 1347, 1279,
1147, 1075, 998, 829, 559, 451.

{[O(CH,CH,),NCS,],Bil}, (3)

The method of synthesis of the complex 3 was similar as described for 1. The
resulting solid was recrystallized from ethanol to give orange-red crystals. Yield
78%. m.p. 259°C (dec.). Anal. Calcd (%) for CoH3,N404SgBi, 1, (Mr=1320.78): C,
18.19; H, 2.44; N, 4.24. Found : C, 18.36; H, 2.52; N, 4.20. *H NMR (CDCl;) & :
3.67(t, 16H, -CH,-0-CH,-), 2.87 (t, 16H, -CH,-N-CH,). IR (KBr) v(cm™): 3441,
2909, 2852, 1632, 1485, 1424, 1384, 1300, 1265, 1128, 986, 539, 455.

{[(CH;)sNCS,],Bil}, (4)

The method of synthesis of the complex 4 was similar as described for 1. The
resulting solid was recrystallized from ethanol to give orange crystals. Yield 78%.
m.p. 267°C(dec.). Anal. Calcd (%) for CsH4oN4SgBi,l, (Mr=1312.84): C, 21.96; H,
3.07; N, 4.27. Found : C, 21.78; H, 3.01; N, 4.43. "H NMR (CDCl5) & : 1.67(t, 24H,
-CH,- CH,-CH>-), 2.24 (t, 16H, -CH,-N-CH). IR (KBr) v(cm™): 3441, 2935, 2850,
1637, 1512, 1473, 1418, 1406, 1384, 1347, 1279, 1147, 1110, 989, 844, 559, 459.

{(Bz:NCS;).Bil}; (5)

The method of synthesis of the complex 5 was similar as described for 1. The
resulting solid was recrystallized from ethanol to give yellow crystals. Yield 73%.
m.p. 195°C (dec.). Anal. Calcd (%) for CeoHssN4SgBiol, (Mr=1761.40) : C, 40.91;
H, 3.20; N, 3.18. Found : C, 40.59; H, 3.46; N, 3.29. "H NMR (CDCls) & : 6.57-7.80
(m, 40H, Ph-H), 3.39 (s, 16H, NCH,) IR (KBr) v(cm™): 3377, 2937, 2852, 1638,
1508, 1489, 1436, 1422, 1384, 1277, 1237, 1131, 1095, 1021, 999, 842, 556, 439.

{(Et2NCS),Bil}, (6)

The method of synthesis of the complex 6 was similar as described for 1. The
resulting solid was recrystallized from methanol to give yellow crystals. Yield 69%,
m.p. 218°C (dec.) Anal. Calcd (%) for CyH4oN4SgBi, 1, (Mr=1264.85): C, 18.99; H,
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3.19; N, 4.43. Found : C, 18.58; H, 3.45; N, 4.72. '"H NMR (CDCly) & : 3.43 (q, 16H,
N-CH,-). 1.04 (t, 24H, -CHj). IR (KBr) v(cm™): 3426, 2976, 2863, 1637, 1508,
1492, 1421, 1383, 1353, 1272, 1199, 1143, 1095, 1069, 997, 829, 563, 441.

2.4 Crystallographic measurement

The single crystal having approximate dimensions of 0.13 mm x 0.13 mm x 0.12
mm was mounted in a glass capillary. All measurements were made on a Bruker
Smart 1000 CCD diffractometer equipped with a graphite-monochromated Mo-K /7
(0.071073 nm) radiation at 298 (2) K by using the ¢-w scan technique. A total of
10661 reflections were collec- ted in the range of 2.17°<0<25.03° and 7148 were
independent (R, = 0.0242), of which 4663 reflections were observed (I > 2/7(1)).
The structure was solved by direct methods and difference Fourier map with
SHELXL-97 program [22], and refined by full-matrix least-squares on F?. All non-
hydrogen atoms were refined anisotropically. Position of hydrogen atoms were
calculated and refined isotropically.

Table 2 Crystallographic data of complex 1

Complex 1
Empirical formula CooH3sNgSgBisl,
Formula weight 1316.81
Temperature (K) 298 (2K
Wavelength (A) 0.71073
Crystal system Triclinic
Space group P-1
a (A) 10.276 (3)
b(A) 10.281 (3)
c(A) 10.391 (3)
a(°) 109.047 (4)
B°) 104.507 (4)
() 98.770 (4)
Volume (A®) 971.1 (5)
Z 1
Calculated density (Mg/m®) 2.252
F (000) 612
Crystal size (mm) 0.13x0.13x0.12
Scan ranged (°) 2.51 to 25.00
Limiting indices h -12t0 12
k -10to 12
| -12t0 12
Total/unique/Rq 4663/3231/0.0524
Goodness-of-fit on F 1.055
Ri/WR» 0.0744/0.1948
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3. Results and discussion

3.1 IR spectra

The assignment of IR bands of these complexes have been made by comparison
it with the IR spectra of relative sodium dithiocarbamate. A new absorption band
appears at 439~476 cm™ which was the characteristic vibrations of Bi-S bond
formed [23].

The most significant IR bands in complexes 1~6 is shown in Table V. It is well
known that dithiocarbamate can potentially adopt two different resonance forms (1)
and (1), the thioureido form (1) resulting from delocalization of the nitrogen lone-
pair [24]. The band in the range 1473~1493 cm™ is attributed to the v(C-N)
stretching vibration [25], the important bands arising from v(CS;)asm and v(CS;)sym
appear at 1124~1147 and 986~999 cm *, respectively, with the Av value (V(CS2) asym
— V(CSy)gym) of 137~158 cm ! suggesting the dithiocarbamate ligands are
coordinated to the Bi atom in a bidentate fashion[26-28], which suggests that
resonance form (1) is also a major contributor.

R\N\ C/S@ R\ C/S@
- O N—
R/ \\S R/\I \S@

Table 3 Most significant IR band (cm™) of complexes 1~9

Complex 1 2 3 4 5 6
v(C-N) 1493 1481 1485 1473 1489 1492
V(CS2) asym 1124 1147 1128 1147 1131 1143
V(CS2)sym 987 998 986 989 999 997
Av 137 149 142 158 132 146

3.2 UV-vis spectra

The electronic absorption spectral data of these new mixed bismuth(lll)
dithiolate complexes are listed in Table Il and tentative assignments of the
important characteristic bands have been made with the help of earlier publications
[29, 30]. In all the bismuth complexes, the m—n* intramolecular charge transfer
transitions are due to dithiocarbamate moiety overlap and exhibit the most intense
broad band at 221~285 nm. The second band appears as a shoulder (304~308 nm)
and is assigned to the n—x* transition in the N:--C:-S (dithiocarbamate) group. The
third band of low intensity at 345~363 nm is attributed to n-z* or charge transfer
transition due to the dithiocarbamate moiety, exhibiting a hypsochromic shift by
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12~21 nm when compared with the corresponding band of salts of dithiocarbamate
acid [31]. This suggests that sulphur atoms of dithicarbamate groups coordinate to
bismuth atom.

Table 4 The UV spectra data (Anax in NM) of complexes 1~9

Complex 1 2 3 4 5 6
Band | 224 222 223 226 223 221
Band Il 306 308 307 306 304 305
Band Il 348 363 345 353 355 360

3.3 'H NMR spectra

'H NMR spectra of the six complex show that the chemical shifts of the protons
on methylene connected directly with nitrogen appears at 0 3.15~3.65 ppm. They
shift downfields 6 0.4~0.9 as compared with that of the salts of appropriate acid. It is
shown that the coordinated dithiocarbamate group is more electronegative than in
case of no coordination [31].

3.4 Structure of {[NH(CH,CH,),NCS,],Bil}, (1)

The molecular structure of complex 1 is shown in FIGURE 1 along with the
numbering scheme. This complex is dimeric structure and the Bi(NHC,HgNCS,),
units are linked by iodine bridges. The two dithiocarbamate ligands are strongly
coordinated through their negatively charged sulfur atoms. The C-S bond associated
with the strong Bi-S (2.6615(4)A) is longer (1.7435(14)A) than that (1.731(14)A)
associated with the weak Bi-S(2.772(4)A) bond [32], showing clearly the
localisation of the double bond.

The N(2)-C(6)-S(4) angles (123.3(11)°) are considerably larger than the N(2)-
C(6)-S(3) angles (120.4(11)°). The N(2)-C(6) bond distance (1.294(19) A) indicates
the presence of a partial double bond and supports the contribution of the thioureide
form to the dithiocarbamate ligand as indicated by an earlier study based on IR date
[33, 34]. The electronic effect of the iodine atom does not influence the C-N bond
distances in this present complex.

Of the two Bi-I bonds, one is shorter (3.2777(15) A) than the other (3.3139(16)
A). The Bi-I bond distances are normal, as observed in the diethyl analogue [35] and
the other parameters of the dithiocarbamate ligands are normal.

As shown in FIGURE 1, the structure of [Bi(NHC4HgNCS,),I], consists of a
binuclear centrosymmetric neutral complex in which four sulphur atoms from two
ligand molecules and two iodine atoms coordinate to each bismuth atom, the
resulting coordination being distorted octahedron. Two iodine atoms, related by a
centre of symmetry, are bridging, so that the two octahedra share an edge. Each of
central Bi atoms is surrounded equatorially by 1(1), S(1), S(2), S(4) and axially by
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S(3), I(V#L (-x, -y+1, -z+1). In complex, two NHC4HgNCS, ligands bond to Bi
atom in bidentate fashion. The bond angles formed by three sulfur atoms and one
iodine atom occupying equatorial place, and the sum of these angle is 357.13°,
which shows that these atoms are approximately co-planar. Furthermore, due to the
constraint of the chelate, the angle S(3)-Bi(1)-S(4) is not 90° but only 64.65(11)°,
the S(3) atom can not exactly occpy the corresponding trans axial position of the
octahedron bipyramid, the angle S(3)-Bi(1)-1(1)#1 being axial place is 175.16(10)°,
which deviates from linear angle 180°. These data indicate that each Bi atom has a
distorted octahedron bipyramidal coordination geometry.

In addition to the iodine bridges, the molecules are held together by strong
interaction among S(1)-S(4)#2 (-x+1,-y+1,-z+1), S(4)-S(1)#2 (-x+1,-y+1,-z+1) and
S(4)-S(41)#2 (-x+1,-y+1,-z+1), of the neighbouring molecules. In fact this
dithiocarbamate moiety may be considered as functioning both as a dithiocarbamate
bridge and as a chelating ligand since the S(1)-S(4)#2 3.461(5) A, S(4)-S(1)#2
3.461(5) A and S(4)-S(4)#2 3.340(8) A are within the sum of the estimated van der
Waal’s radii. A representation of the scheme is shown in Fig 1.3, where the S-S
interaction have been highlighted. These interactions appear to reinforce the
dithiocarbamate bridges in the formation of the polymeric structure.

Figure. 2 Projection of the cell of complex 1
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Figure. 3 One-dimensional chain network of complex 1

Table 5 Selected Bond Lengths (A) and Bond Aangles (°) for complex 1

Bi (1)-S (1) 2.661 (4) Bi (1)-S (3) 2.662 (4)
Bi (1)-S (2) 2.696 (4) Bi (1)-S (4) 2.848 (4)
Bi (1)-1 (1) 3.2777 (15) N (1)-C (1) 1.31(2)
Bi (1)-1 (L)#1 3.3139 (16) N (2)-C (6) 1.294 (19)
| (1)#1-Bi (1) 3.3139 (16) S (1)-C (1) 1.744 (14)
S (2-C (1) 1.732 (14) S (3)-C (6) 1.743 (14)
S (4)-C (6) 1.730 (15) S (1)-S (42 3.461 (5)
S(4)-S(4)#2 3.340 (8) S (4)-S (1)#2 3.461 (5)
S (1)-Bi (1)-S (3) 94.99 (15) S (1)-Bi (1)-S (2) 67.42 (12)
S (3)-Bi (1)-S (2) 88.45 (14) S (1)-Bi (1)-S (4) 84.85 (14)
S (3)-Bi (1)-S (4) 64.65 (11) S (2)-Bi (1)-S (4) 139.76 (16)
S (1)-Bi (1)1 (1) 148.61 (9) S (3)-Bi (1)1 (1) 87.02 (10)
S (2)-Bi (1)1 (1) 81.36 (9) S (4)-Bi (1)1 (1) 123.49 (10)
S (1)-Bi (1)1 (1)#1 89.85 (11) S (3)-Bi (1)1 (1)#1 175.16 (10)
S (2)-Bi (1)1 (1)#1 93.17 (11) S (4)-Bi (1)1 (1)#1 116.21 (9)
I (1)-Bi (1)-1 (1)#1 88.70 (4)

Symmetry transformations used to generate eqivalent atoms: #1 -x, -y+1, -z+1,
#2 -x+1, -y+1, -z+1

4. Supplementary material

Crystallographic data for the structural analysis have been deposited with the
Cambridge Crystallographic Data Center, CCDC No. 285308 for complex 1. Copies
of this information may be obtained from The Director, CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK (fax: +44-1233-336-033; e-mail: deposit @ ccdc. cam. ac.
uk).

Published by Francis Academic Press, UK
-42-




Academic Journal of Engineering and Technology Science

ISSN 2616-5767 Vol. 1, Issue 1: 34-44, DOI: 10.25236/AJETS.020004

References

[1] Wilkinson, G.; Gillard, R. D.; McCleverty, J. A. (Eds) Comprehensive
Coordination Chemistry Vols 1-7 (Pergamon: London 1987).

[2] Hancock, R. D.; Cukrowski, I.; Baloyi, J.; Mashishi, J.; J. Chem. Soc., Dalton.
Trans 1993, 2895.

[3] Riekkola, M. L.; Makitie, O.; Sundberg, M. Kem. Kemi 1979, 6, 523.

[4] Thorn, G. D.; Ludwig, R. A. The Dithio carbamate and Related Complex,
Elsevier, Amsterdam 1962.

[5] Riekkola, M. L.; Pakkanen, T.; Niinisto, L. Acta. Chim. Scand 1983, A37, 807.

[6] Gringeri, A.; Keng, P. C.; Borch, R. F. Cancer. Res1988, 48, 5708.

[7] Pannacciulli, I. M.; Lerza, R. A.; Bogliolo, G. U.; Mencoboni, M. P. J. Cancer
1989, 29, 371.

[8] Lang, J. M.; Touraine, J. L.; Trepo, C.; Choute, P.;. Kirstetter, M; Falkenrodt, A.;
Herviou, L.; Livrozet, J. M.; Retornaz, G.; Tpuraine, F.; Renoux, G.; Musset, M.;
Carauk, J. the AID-Imuthiol French Study Group. Lancet. 1988, 702.

[9] Hersh, E. M.; Brewton, G.; Abrams, D.; Bartlett, J.; Gill, P.; Gorter, R.; Gottlieb,
M.; Joninkas, J. J.; Landesman, S.; Levine, A.; Marcel, A.; Petersen, E. A;;
Whiteside, M.; Zahradnik, J.; Zegron, C.; Boultitie, F.; Caraux, J.; Dupuy, J. M.;
Saimi, R. J. Am. Med. Assoc 1991, 256, 1538.

[10] Gale, G. R.; Atkins, L. M.; Walker Jr, E. M.; Smith, A. B.; Jones, M.M. Ann.
Clin. Lab. Sci 1984, 14, 137.

[11] Shinobu, L. A.; Jones, S. G.; Jones, M. M. Acta. Pharmacol. Toxicol 1984, 54,
189.

[12] Allen, F. H.; Kennard, O. Chem. Des. Autom. News 1993, 8, 31.

[13] Xie, J.; Funakoshi, T.; Shimada, H.; Kojima, S. Res. Commun. Mol. Pathol.
Pharmacol 1994, 86, 245.

[14] (a) Pearson, R. G. J. Am Chem. Soc 1963, 85, 3533. (b) Pearson, R. G. Science
1966, 15, 172.

[15] Frausto da Silva, J. J. R.; Williams, R. J. P. The Biological Chemistry of the
Elements: the Inorganic Chemistry of Life. Clarendon Press. Oxford 1991, 538.

[16] (a) Hancock, R. D.; Cukrowski, I.; Baloyi, J.; Baloyi, J.; Mashishi, J. J. Chem.
Soc. Dalton Trans 1993, 2895. (b) Hancock, R. D.; Cukrowski, I.; Antunes, I.;
Curkrowska, E.; Mashishi, J.; Brown, K. Polyhedron 1995, 14, 1699. (c) Luckay,
R.; Reibenspies, J. H.; Hancock, R. D.; J. Chem. Soc. Chem. Comm 1995, 2365.

[17] (a) Cotton, F. A.; Wilkinson, G. Advanced. Inorganic. Chemistry 1988, 5th ed.
(b) Wilkinson, G.; Gillard, R. D.; McCleverty, J. A. Comprehensive Coordiation
Chemistry. Pergamon 1987, 235.

[18] Frank, W.; Reiss, G. J.; Schneiderm, J. Angew. Chem. Int. Ed. Engl 1995, 34,
2416.

[19] Pettit, G.; Pettit, L. D. IUPAC Stability Constant Database, IUPAC and
Academic Software 1993.

[20] Lazarini, F.; Cryst. Struct. Comm 1979, 8, 69.

[21] Lazarini, F.; Bull. Bismuth Inst 1981, 32, 3.

[22] Sheldrick, G. M. SHELXL-97. Program for Crystal Structure Analysis,
University of Gottingen, Germany 1997.

Published by Francis Academic Press, UK
-43-



Academic Journal of Engineering and Technology Science

ISSN 2616-5767 Vol. 1, Issue 1: 34-44, DOI: 10.25236/AJETS.020004

[23] Yin, H. D.; Wang, C. H.; Xue, S. C. Chin. J. Struct. Chem 2004, 23, 1356.

[24] Hogarth, G.; Proj. Inorg. Chem 2005, 53, 71.

[25] Yin, H. D.; Wang, C. H.; Zhang, R. F. Chin. J. Inorg. Chem 2000, 16, 619.

[26] Yin, H. D.; Wang, Y.; Wang, C. H. Chin. Struc. Chem 2004, 23, 561.

[27] Yin, H. D.; Wang, C. H.; Ma, C. L. Chin. Struc. Chem 2004, 23, 316.

[28] Yin, H. D.; Wang, C. H.; Xing, Q. J. Chin. Struc. Chem 2004, 23, 1127.

[29] Garje, S. S.; Jain, V. K. Coord. Chem. Rev 2003, 236, 35.

[30] Kheiri, F. M. N.; Tsipis, C. A.; Tsiamis, C. L.; Manoussakis, G. E. Can. J.
Chem 1979, 57, 767.

[31] Yin, H. D.; Zhang, R. F.; Ma, C. L. J. Liaocheng Teachers Univ. (nat. Sci.)
1999, 12, 38.

[32] Raston, C. L.; White, A. H. J. Chem. Soc., Dalton Trans 1976, 791.

[33] Coucouvains, D. Proj. Inorg. Chem 1970, 11, 233.

[34] Coucouvains, D. Proj. Inorg. Chem 1979, 26, 301.

[35] Mckie, G.; Raston, C. L.; Rowbottom, G. L.; White, A. H. J. Chem. Soc.,
Dalton Trans 1981, 1360.

Published by Francis Academic Press, UK
-44-



	Synthesis and structural characterization of bismuth (Ⅲ) complexes with Dithiocarbamate

