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Nine new organotin (IV) nitrate adducts of SnPh3Cl, SnMe3Cl,
SnMe2Cl2 and SnBu2Cl2 have been isolated and characterized by far
infrared and mössbauer spectroscopies. Within the proposed structures,
the nitrate anion behaves as a monodentate, a bidentate, a tridentate or a
monochelating ligand. All the structures are discrete and the
environments at tin atoms are trigonal bipyramidal with trigonal planar
SnR3 moieties in SnR3Cl adducts. Two environment types are present
in SnR2Cl2 containing adducts: an octahedral and a trigonal
bipyramidal. The interactions between complex-anions and cations are
mainly electrostatic.
Copy Right, IJAR, 2019,. All rights reserved.
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Introduction:Interest in organotin(IV) materials is owed to the numerous applications they still arouse. Meneghetti and
Meneghetti (2015) as well as Devendra and coworkers (2015) reported interesting catalysis applications while
Gielen and coworkers in 2005, Davies and coworkers in 2008 and, Hadjikakou and Hadjiliadis in 2009 reported
some biological activities. Potential anticancer activity has been reported for organotin(IV) compounds by
Sirajuddin and coworkers and by Amir and coworkers, in 2014. A fungicidal activity has been reported (Mao et al.,
2015) too. In the past, organotin (IV) nitrate derivatives have been widely studied by Pelizzi and coworkers (Bonardi
et al., 1991; Franzoni et al., 1988, 1989; Pelizzi et al., 1983, 1984; Nardelli et al., 1985; Dondi et al., 1985, 1986).
Various other groups have also been involved in seeking new organotin (IV) nitrate compounds (Al-Juaid et al.,
1998; Ma et al., 2004; Shankar et al., 2004; Jurkschat et al., 2003; Zhong et al., 2007). In tin chemistry, bridging
bidentate and tridentate nitrates are scarce. In 2003, a bridging nitrate has been isolated and structurally
characterized by Jurkschat and Tiekink. Reuter and Reichelt also reported in 2014, some diorganotin(IV) nitrate
among which the crystal structure of Me2Sn(NO3)(OH) and Et2Sn(NO3)(OH), the first, in a one-dimensional chain
describes a dimer with two hydroxyl bridges and monodentate nitrates while the second, in a two-dimensional
coordination polymer describes a dimeric moiety comprising two hydroxyl bridges and bidentate bridging nitrate
ions. The Dakar research work in tin coordination chemistry involves the study of the behaviour of oxyanions as
ligands. Thus, we have reported several studies dealing with their coordinating ability (Okio et al., 2009; Diallo et
al., 2009a, 2009b; Kane et al., 2009). Carrying interest in organotin(IV) nitrate class of compounds isolation and
characterization, the Dakar group has reported the spectroscopic studies of some nitrato compounds including the
crystal structure of the complex [NO3(SnPh3NO3)(SnPh3Cl)2][Et4N]+ (Diop et al., 2013) which describes a central
tridentate nitrate anion coordinated to tin centres and the infrared study of SnPh3(NO3)2.MEIH.SnPh3Cl (MEIH = 2methylimidazolium) (Diop and Diop, 2017). As continuation of our contribution in isolation and characterization of
new organotin(IV) nitrate compounds, we investigate here the interactions between triorganotin(IV) chloride,
Corresponding Author:-Mouhamadou Birame Diop.
Address:-Université Cheikh Anta Diop, Faculté des Sciences et Techniques, Département de
Chimie, Laboratoire de Chimie Minérale et Analytique (LA.CHI.MI.A.), Dakar, Sénégal.
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SnR3Cl (R = Me, Ph) or diorganotin(IV) dichloride, SnR2Cl2 (R = Me, Bu) materials and tetrapropylammonium
nitrate or tetrabutylammonium nitrate in one hand and, n-hexyltriphenylphosphonium nitrate or
benzyltriphenylphosphonium nitrate in another hand. This afforded nine organotin(IV) nitrate adducts reported
herein, whose infrared and mössbauer studies have been carried out and their structures suggested on the basis of the
spectroscopic data.
Experimental section:Silver nitrate, AgNO3, SnR2Cl2 (R = Me, Bu, Ph), SnR3Cl (Me, Ph), tetrapropylammonium chloride, Pr4NCl (98%),
tetrabutylammonium chloride, Bu4NCl (>97%), benzyltriphenylphosphonium chloride, PhCH2Ph3PCl (99%) and nhexyltriphenylphosphonium bromide, n-hexylPh3PBr (95%) were purchased from Sigma-Aldrich Chemie GmbH,
Steinheim, Germany and used without any further purification.
Infrared spectra were recorded on a BX FT-IR-PE 580 (4000-200cm-1) spectrometer at the Cheikh Anta Diop
University of Dakar (Senegal) and a FTIR-Nicolet (600-50cm-1) spectrometer at the University of Padua (Italy), the
sample being as Nujol mulls using CsI or polyethylene windows. Infrared data are given in cm-1 [IR abbreviations:
(vs) very strong, (s) strong, (m) medium, (sh) shoulder, (w) weak].
The elemental analyses were performed at the CNRS “Service Central d’Analyses” Vernaison-France.
119

Sn Mössbauer spectra were obtained as described previously (Bouâlam et al., 1991). Mössbauer parameters are
given in mms-1 [Mössbauer abbreviations: Q.S = quadrupole splitting, I.S = isomer shift, Γ = full width at halfheight).
Synthesis procedure of [Pr4N(NO3)][SnPh3Cl] (A):The isolation of compound A follows a two steps procedure. The tetrapropylammonium nitrate salt, Pr4N(NO3) was
first isolated on allowing equimolar aqueous solutions of tetrapropylammonium chloride, Pr 4NCl (2 g; 9 mmol) and
silver nitrate, AgNO3 (1.53 g; 9 mmol) to react, filtering off the AgCl precipitate and allowing the solvent to
evaporate at room temperature. To 15mL ethanolic solution of the tetrapropylammonium nitrate salt, Pr4N(NO3)
(249 mg; 1 mmol) was added dropwise an equimolar amount of triphenyltin chloride, SnPh 3Cl (386 mg; 1 mmol)
preliminary dissolved in 15mL of ethanol. The obtained solution stirred 2h then submitted to a slow solvent
evaporation at room temperature afforded a white powder.
Spectroscopic data:1. IR data (cm-1): ν3= 1390(s), 1367(s), ν1= 1072(s), νCC and νCH (phenyl groups) = 730(vs), 693(s), νSnCl=
334(s), νasSnC3= 268(s), νsSnC3= 209(s), νSnO=196(m)
2. Mössbauer parameters (mms-1): QS= 3.08, IS= 1.29, Γ = 0.82
Elemental Analysis:[Pr4N(NO3)][SnPh3Cl] (A), C30H43ClN2O3Sn, [% calculated (%found)]:- C = 56.85 (56.84), H = 6.84 (6.85), N =
4.42 (4.32)
Synthesis procedure of [Bu4N(NO3)][SnPh3Cl] (B):The tetrabutylammonium nitrate salt, Bu4N(NO3) was isolated on allowing equimolar aqueous solutions of
tetrabutylammonium chloride, Bu4NCl (1.95 g; 7 mmol) and silver nitrate, AgNO3 (1.19 g; 7 mmol) to react,
filtering off the AgCl precipitate and allowing the solvent to evaporate at room temperature. The isolation of B
occurred by adding dropwise 10 mL ethanolic solution of triphenyltin chloride, SnPh3Cl (285 mg; 0.7 mmol) to an
equimolar amount of the previously collected tetrabutylammonium nitrate salt, Bu4N(NO3) (214 mg; 0.7 mmol)
dissolved in 15 mL of ethanol. The obtained solution stirred 2h then submitted to a slow solvent evaporation at room
temperature yielded a white powder.
Spectroscopic data:1. IR data (cm-1): ν3= 1392(s), 1375(s), ν1= 1076(w), νCC and νCH (phenyl groups) = 736(vs), 695(s), νSnCl=
338(s), νasSnC3= 272(s), νsSnC3= 208(w), νSnO= 200(m)
2. Mössbauer parameters (mms-1): QS = 2.83, IS = 1.26, Γ = 0.96
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Elemental Analysis:[Bu4N(NO3)][SnPh3Cl] (B), C34H51ClN2O3Sn, [% calculated (%found)]:- C = 59.19 (59.22), H = 7.45 (7.41), N =
4.06 (4.11)
Synthesis procedure of [Bu4N(NO3)][(SnPh3Cl)2] (C):The compound C was obtained similarly to the previous. At first, the tetrabutylammonium nitrate salt, Bu4N(NO3)
was isolated by reacting equimolar aqueous solutions of tetrabutyl ammonium chloride, Bu 4NCl (1.95 g; 7 mmol)
and silver nitrate, AgNO3 (1.19 g; 7 mmol), filtering off the AgCl precipitate and allowing the solvent to evaporate
at room temperature. The isolation of C occurred by mixing 15 mL ethanolic solutions of triphenyltin chloride,
SnPh3Cl (388 mg; 1 mmol) and the previously collected tetrabutylammonium nitrate salt, Bu4N(NO3) (153 mg; 0.5
mmol). The obtained solution stirred 2h then submitted to a slow solvent evaporation at room temperature gave a
white powder.
Spectroscopic data:1. IR data (cm-1): ν3= 1384(s), 1358(s), ν1= 1078(s), νCC and νCH (phenyl groups) = 734(vs), 697(s), νSnCl=
340(s), νasSnC3= 271(vs), νsSnC3= 208(w), νSnO= 200(m)
2. Mössbauer parameters (mms-1): QS= 3.02, IS= 1.31, Γ = 0.92
Elemental Analysis:[Bu4N(NO3)][(SnPh3Cl)2] (C), C52H66Cl2N2O3Sn2, [% calculated (%found)]:- C = 58.08 (58.04), H = 6.19 (6.21), N
= 2.60 (2.75)
Synthesis procedure of [(n-hexyl)Ph3P(NO3)][(SnPh3Cl)2] (D):The isolation of this compound follows a two steps procedure. The n-hexyltriphenylphosphonium nitrate salt, (nhexyl)Ph3P(NO3) was first isolated on allowing an aqueous solution of n-hexyltriphenylphosphonium bromide, (nhexyl)Ph3PBr (855 mg; 2 mmol) to react with an equimolar silver nitrate, AgNO 3 aqueous solution (340 mg; 2
mmol), filtering off the AgBr precipitate and allowing the solvent to evaporate at room temperature. To 15mL
ethanolic solution of the n-hexyltriphenylphosphonium nitrate salt, (n-hexyl)Ph3P(NO3) (164 mg; 0.4 mmol) was
added dropwise an amount of triphenyltin chloride, SnPh3Cl (309 mg; 0.8 mmol) dissolved in 15mL of ethanol. The
obtained solution stirred 2h then submitted to a slow solvent evaporation at room temperature afforded a white
powder.
Spectroscopic data:1. IR data (cm-1): ν3= 1377(s), 1352(br), ν1= 1079(m), νCC and νCH (phenyl groups) = 729(vs), 689(s), νSnCl=
341(m), νasSnC3= 274(vs), νsSnC3= 211(w), νSnO= 200(m)
2. Mössbauer parameters (mms-1): QS= 3.10, IS= 1.35, Γ = 0.90
Elemental Analysis:[(n-hexyl)Ph3P(NO3)][(SnPh3Cl)2] (D), C60H58Cl2NO3PSn2, [% calculated (%found)]:- C = 61.05 (61.02), H = 4.95
(5.06), N = 1.19 (1.09)
Synthesis procedure of [(PhCH2)Ph3P(NO3)][(SnPh3Cl)3] (E):The benzyltriphenylphosphonium nitrate salt, (PhCH2)Ph3P(NO3) was isolated by reacting equimolar aqueous
solutions of benzyltriphenylphosphonium chloride, (PhCH2)Ph3PCl (974 mg; 2.5 mmol) and silver nitrate, AgNO 3
(425 mg; 2.5 mmol), filtering off the AgCl precipitate and allowing the solvent to evaporate at room temperature.
The isolation of E occurred by adding dropwise 20 mL ethanolic solution of triphenyltin chloride, SnPh3Cl (579 mg;
1.5 mmol) to an amount of the previously collected benzyltriphenylphosphonium nitrate salt, (PhCH2)Ph3P(NO3)
(208 mg; 0.5 mmol) dissolved in 15 mL of ethanol. The obtained solution stirred 2h then submitted to a slow solvent
evaporation at room temperature afforded a white powder.
Spectroscopic data:1. IR data (cm-1): ν3= 1350(vs), νCC and νCH (phenyl groups) = 735(vs), 692(s), νSnCl= 337(m), νasSnC3=
273(vs), νsSnC3= 211(w), νSnO= 197(m)
2. Mössbauer parameters (mms-1): QS = 3.08, IS =1.37, Γ = 0.94
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Elemental Analysis:[(PhCH2)Ph3P(NO3)][(SnPh3Cl)3] (E), C79H67Cl3NO3PSn3, [% calculated (%found)]:- C = 60.37 (60.11), H = 4.30
(4.40), N = 0.89 (0.81)
Synthesis procedure of [Pr4N(NO3)][SnMe3Cl] (F):The isolation of compound F follows a two steps procedure. The tetrapropylammonium nitrate salt, Pr4N(NO3) was
first isolated on allowing equimolar aqueous solutions of tetrapropylammonium chloride, Pr 4NCl (2 g; 9 mmol) and
silver nitrate, AgNO3 (1.53 g; 9 mmol) to react, filtering off the AgCl precipitate and allowing the solvent to
evaporate at room temperature. To 15mL ethanolic solution of the tetrapropylammonium nitrate salt, Pr4N(NO3)
(199 mg; 0.8 mmol) was added dropwise an equimolar amount of trimethyltin chloride, SnMe 3Cl (160 mg; 0.8
mmol) dissolved in 10mL of ethanol. The obtained solution stirred 2h then submitted to a slow solvent evaporation
at room temperature afforded a white powder.
Spectroscopic data:1. IR data (cm-1): ν3= 1335 (s), 1367(s), ν1= 1073(m), νasSnC3= 546(vs), νsSnC3= 510(w), νSnCl= 333(s), νSnO=
199(s)
2. Mössbauer parameters (mms-1): QS = 3.63, IS = 1.36, Γ = 0.95
Elemental Analysis:[Pr4N(NO3)][SnMe3Cl] (F), C15H37ClN2O3Sn, [% calculated (%found)]:- C = 40.25 (39.95), H = 8.33 (8.41), N =
6.26 (6.38)
Synthesis procedure of [Bu4N(NO3)][SnMe2Cl2] (G):The compound G was obtained similarly to the previous following a two steps procedure. At first, the
tetrabutylammonium nitrate salt, Bu4N(NO3) was isolated by reacting equimolar aqueous solutions of
tetrabutylammonium chloride, Bu4NCl (1.95 g; 7 mmol) and silver nitrate, AgNO3 (1.19 g; 7 mmol), filtering off the
AgCl precipitate and allowing the solvent to evaporate at room temperature. The isolation of G occurred by reacting
10 mL ethanolic solution of dimethyltin dichloride, SnMe 2Cl2 (220 mg; 1 mmol) and an equimolar amount of the
previously collected tetrabutylammonium nitrate salt, Bu4N(NO3) (305 mg; 1 mmol) dissolved in 15mL of ethanol.
The obtained solution stirred 2h then submitted to a slow solvent evaporation at room temperature yielded a white
powder.
Spectroscopic data:1. IR data (cm-1): ν3= 1381(vs), 1353(vs), ν1= 1064(s), νasSnC2= 571(m), νsSnC2= 519(w), νSnCl= 332(vs),
νSnO= 200(w)
2. Mössbauer parameters (mms-1): QS = 3.35, IS = 1.32, Γ = 0.86
Elemental Analysis:[Bu4N(NO3)][SnMe2Cl2] (G), C18H42Cl2N2O3Sn, [% calculated (%found)]:- C = 41.25 (41.15), H = 8.01 (8.10), N =
5.34 (5.20)
Synthesis procedure of [Pr4N(NO3)][SnBu2Cl2] (H):The isolation of compound H follows a two steps procedure. The tetrapropylammonium nitrate salt, Pr4N(NO3) was
first isolated on allowing equimolar aqueous solutions of tetrapropylammonium chloride, Pr 4NCl (2 g; 9 mmol) and
silver nitrate, AgNO3 (1.53 g; 9 mmol) to react, filtering off the AgCl precipitate and allowing the solvent to
evaporate at room temperature. To 15mL ethanolic solution of the tetrapropylammonium nitrate salt, Pr4N(NO3)
(249 mg; 1 mmol) was added dropwise an equimolar amount of dibutyltin dichloride, SnBu 2Cl2 (304 mg; 1 mmol)
preliminary dissolved in 10mL of ethanol. The obtained solution stirred 2h then submitted to a slow solvent
evaporation at room temperature gave a white powder.
Spectroscopic data:1. IR data (cm-1): ν3= 1372(s), 1347(s), ν1= 1070(vw), ν4= 591(s), 557(s), νSnCl= 335(s), νSnO= 212(m)
2. Mössbauer parameters (mms-1): QS= 3.54, IS= 1.46, Γ = 0.93
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Elemental Analysis:[Pr4N(NO3)][SnBu2Cl2] (H), C20H46Cl2N2O3Sn, [% calculated (%found)]:- C = 43.50 (42.99), H = 8.40 (8.49), N =
5.07 (5.10)
Synthesis procedure of [Pr4N(NO3)][SnMe2Cl2][1/6Pr4N(NO3)] (I):The isolation of I also follows a two steps procedure. At first, the tetrapropylammonium nitrate salt, [Pr4N(NO3)]
was isolated from reaction between equimolar aqueous solutions of tetrapropylammonium chloride, Pr 4NCl (2 g; 9
mmol) and silver nitrate, AgNO3 (1.53 g; 9 mmol), filtering off the AgCl precipitate and allowing the solvent to
evaporate at room temperature. The isolation of I occurred by reacting 15 mL ethanolic solution of dimethyltin
dichloride, SnMe2Cl2 (110 mg; 0.5 mmol) and an amount of the previously collected tetrapropylammonium nitrate
salt, [Pr4N(NO3)] (249 mg; 1 mmol) dissolved in 15mL of ethanol. The obtained solution stirred 2h then submitted
to a slow solvent evaporation at room temperature afforded a white powder.
Spectroscopic data:1. IR data (cm-1): ν3= 1334(s), 1357(s), νasSnC2= 575(m), νsSnC2= 518(m), νSnCl= 337(s), νSnO= 200(m)
2. Mössbauer parameters (mms-1): QS = 3.30, IS = 1.37, Γ = 0.82
Elemental Analysis:[Pr4N(NO3)][SnMe2Cl2][1/6Pr4N(NO3)] (I), 1/6(C96H232N12N14O21Sn6), [% calculated (%found)]:- C = 37.72
(37.68), H = 7.65 (7.84), N = 6.42 (6.85)

Results and discussion:SnR3Cl adducts (R = Ph, Me)
FT-IR data of A evidence absorption bands corresponding to nitrate ion and SnPh 3 moiety. The vibration bands
located at 1390, 1367 and at 1072 cm-1 are assigned to ν3 and ν1 vibrations of the nitrate, respectively. Vibration
bands, characteristic of phenyl ligands, are observed at 730 and 693 cm-1 corresponding to δ(Csp2-H) and δ(C = C)
elongations, respectively. The vibration bands observed in the far infrared data at 334 and at 196 cm-1 are attributed
in order to νSnCl and νSnO corroborating presence and coordination of the nitrate anion towards the tin atom. The
presence, in the far infrared spectrum, of a weak band at 209 cm-1 that may be attributed to νsSnC3 vibration and a
band at 268 cm-1 that is assigned to νasSnC3 vibrations indicates an almost planar SnC3 group (Tudela and Calleja,
1993; Nakamoto, 1997).
FT-IR data of B exhibits vibration bands at 1392, 1375 and at 1076 cm-1 assigned to ν3 and ν1 vibrations,
respectively. Bands observed at 736 and 695 cm-1 correspond to characteristic phenyl groups δ(Csp2-H) and δ(C =
C) elongations, respectively. The vibration bands observed in the far infrared data at 338 and at 200 cm-1 attributed
in order to νSnCl and νSnO corroborate presence and coordination of the nitrate anion towards the tin centre. The
presence, in the far infrared spectrum, of a weak band at 208 cm-1 that may be attributed to νsSnC3 vibration and a
strong band at 272 cm-1 that is assigned to νasSnC3 vibrations are an indicative of an almost planar SnC3 skeleton
(Tudela and Calleja, 1993; Nakamoto, 1997).
FT-IR data of F exhibits vibration bands at 1367, 1335 and at 1073 cm-1 assigned to ν3 and ν1 vibrations,
respectively. The vibration bands observed in the far infrared data at 333 and at 199 cm-1 attributed in order to νSnCl
and νSnO corroborate presence and coordination of the nitrate anion towards the tin centre. The presence, in the
infrared spectrum, of a weak band at 510 cm-1 that may be attributed to νsSnC3 vibration and a strong band at 546
cm-1 that is assigned to νasSnC3 vibrations are an indicative of an almost planar SnC3 group (Nakamoto, 1997).
The Mössbauer quadrupole splitting of tin atom in free SnPh3Cl is about 2.55mms-1 (Bancroft and Platt, 1972;
Parish, 1984) while in free SnMe3Cl it is about 2.89mms-1 (Bancroft and Platt, 1972; Parish, 1984); their
enhancement is therefore in accordance with the coordination of SnPh3Cl or SnMe3Cl. Thus, the values of the
quadrupole splitting of A, B and F (3.08, 2.83 and 3.63 mms-1, respectively) are all well corroborating presence of a
trigonal bipyramidal environment about a pentacoordinated tin atom with alkyne R substituents in equatorial
positions and, a nitrate O atom and a chloride in apical ones (Bancroft and Platt, 1972; Parish, 1984; Diallo et al.,
2018).
These spectroscopic data allow to suggest for these triorganotin adducts a discrete structure with a monodentate
nitrate (Figure 1) looking to some nitrate organotin compounds structures specially the crystal structure of
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Et4NNO3·SnPh2Cl2 yet reported (Diop et al., 2011, 2013; Reuter and Reichelt, 2014). In the structure the cation
interacts electrostatically with the complex-anion.

Figure 1:- Discrete mononuclear structure of [R’4N(NO3)][SnR3Cl] (R=Ph, Me; R’=Pr, Bu)
FT-IR data of C evidence absorption bands corresponding to nitrate ion and SnPh 3 moiety. The vibration bands
located at 1384, 1358 and at 1078 cm-1 are assigned to ν3 and ν1 vibrations of the nitrate, respectively. Vibration
bands, characteristic of phenyl ligands, are observed at 734 and 697 cm-1 corresponding to δ(Csp2-H) and δ(C = C)
elongations, respectively. The vibration bands observed in the far infrared data at 340 and at 200 cm-1 are attributed
in order to νSnCl and νSnO corroborating presence and coordination of the nitrate anion towards the tin atom. The
presence, in the far infrared spectrum, of a weak band at 208 cm-1 that may be attributed to νsSnC3 vibration and a
band at 271 cm-1 that is assigned to νasSnC3 vibrations indicates an almost planar SnC3 group (Tudela and Calleja,
1993; Nakamoto, 1997).
FT-IR data of D exhibits vibration bands at 1377, 1352 and at 1079 cm-1 assigned to ν3 and ν1 nitrato vibrations,
respectively. Bands observed at 729 and 689 cm-1 correspond to characteristic phenyl groups δ(Csp2-H) and δ(C =
C) elongations, respectively. The vibration bands observed in the far infrared data at 341 and at 200 cm-1 attributed
in order to νSnCl and νSnO corroborate presence and coordination of the nitrate anion towards the tin centre. The
presence, in the far infrared spectrum, of a weak band at 211 cm-1 that may be attributed to νsSnC3 vibration and a
strong band at 274 cm-1 that is assigned to νasSnC3 vibrations are an indicative of an almost planar SnC3 group
(Tudela and Calleja, 1993; Nakamoto, 1997).
Comparison to free SnPh3Cl (2.55mms-1) and SnMe3Cl (2.89mms-1) mössbauer quadrupole splitting shows a
variation to higher values. This enhancement of the quadrupole splitting of compounds C and D (3.02 and 3.10
mms-1, respectively) is consistent with the coordination of SnPh3Cl or SnMe3Cl. Thus, the values of the quadrupole
splitting of C and D are all well corroborating presence of a trigonal bipyramidal environment about a
pentacoordinated tin atom (Bancroft and Platt, 1972; Parish, 1984; Diallo et al., 2018) with alkyne R substituents in
equatorial positions and, a nitrate O atom and a chloride in apical ones.
These spectroscopic data allow to suggest for these two triphenyltin adducts a discrete structure with a bidentate
nitrate (Figures 2a and 2b) in comparison to the dinuclear adduct tetraphenylphosphonium nitratobis
(chlorodiphenylstannate)methane, [Ph4P]+[(Ph2ClSn)2CH2.NO3]− crystal structure as well as the diethyltin(IV)
nitrate hydroxide one (Jurkschat and Tiekink, 2003; Reuter and Reichelt, 2014). Within the structures, the
ammonium cation as well as the phosphonium cation interacts electrostatically with the anion.
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Figure 2a:- Discrete dinuclear structure of [Bu4N(NO3)][(SnPh3Cl)2]

Figure 2b:- Discrete dinuclear structure of [(n-hexyl)Ph3P(NO3)][(SnPh3Cl)2]
FT-IR data of E evidence absorption bands corresponding to nitrate ion and SnPh3 moiety. The vibration bands
located at 1350 cm-1 are assigned to ν3 vibrations of the nitrate. Vibration bands, characteristic of phenyl ligands, are
observed at 735 and 692 cm-1 corresponding to δ(Csp2-H) and δ(C = C) elongations, respectively. The vibration
bands observed in the far infrared data at 337 and at 197 cm-1 are attributed in order to νSnCl and νSnO
corroborating presence and coordination of the nitrate anion towards the tin atom. The presence, in the far infrared
spectrum, of a weak band at 211 cm-1 that may be attributed to νsSnC3 vibration and a band at 273 cm-1 that is
assigned to νasSnC3 vibrations indicates an almost planar SnC3 skeleton (Tudela and Calleja, 1993; Nakamoto,
1997).
The value of the quadrupole splitting of E (3.08 mm-1) well corroborates presence of a trigonal bipyramidal
environment about a pentacoordinated tin atom (Bancroft and Platt, 1972; Parish, 1984; Diallo et al., 2018) with
alkyne R subsituents in equatorial positions and, a nitrate O atom and a chloride in apical ones.
The spectroscopic data allow suggestion of a discrete trinuclear structure (Figure 3) comprising a central nitrate
anion coordinated to three triphenyltin chloride molecules as found in the literature for a close analogue earlier
reported, [NO3(SnPh3NO3)(SnPh3Cl)2][Et4N]+ (Diop et al., 2013). In the structure, the benzyltriphenyl phosphonium
cation interacts electrostatically with the complex-anion, [NO3(SnPh3Cl)3]-.
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Figure 3:- Discrete trinuclear structure of [(PhCH2)Ph3P(NO3)][(SnPh3Cl)3]
SnR2Cl2 (R = Bu, Me) adducts
FT-IR data of G evidence absorption bands corresponding to nitrate ion and SnMe 2 moiety. The vibration bands
located at 1381, 1353 and at 1064 cm-1 are assigned to ν3 and ν1 vibrations of the nitrate, respectively. The vibration
bands observed in the far infrared data at 332 and at 200 cm-1 are attributed in order to νSnCl and νSnO
corroborating presence and coordination of the nitrate anion towards the tin atom. The presence, in the infrared
spectrum, of a weak band at 519 cm-1 that may be attributed to νsSnC2 vibration and a band at 571 cm-1 that is
assigned to νasSnC2 vibrations indicates an almost linear SnC2 group (Nakamoto, 1997).
FT-IR data of I evidence absorption bands that correspond to nitrate ion and SnMe 2 moiety. The vibration bands
located at 1357 and 1334 cm-1 are assigned to ν3 vibrations of the nitrate. The vibration bands observed in the far
infrared data at 337 and at 200 cm-1 attributed in order to νSnCl and νSnO corroborate presence and coordination of
the nitrate anion towards the tin atom. The weak band at 518 cm-1 attributed to νsSnC3 vibration and the medium one
at 575 cm-1 assigned to νasSnC3 vibrations indicate an almost linear SnC2 skeleton (Nakamoto, 1997).
The values of the quadrupole splitting of G and I (3.35 and 3.30mms-1, respectively) are at the border of a distorted
trans-octahedrally coordinated SnR2 residue and a SnR2 residue in a trigonal bipyramidal environment (Bancroft
and Platt, 1972).
These spectroscopic data allow to suggest two discrete structures:
1. A first one with a terminal monocoordinating nitrate (Figure 4a) linked to the dimethyltin dichloride molecule,
SnMe2Cl2 meaning a trigonal bipyramidal fashion at tin atom as found in crystal structures of several
diorganotin nitrates (Domingos and Sheldrick, 1974; Franzoni et al., 1989; Jurkschat and Tiekink, 2003; Svec et
al., 2010; Reuter and Reichelt, 2014)
2. A second one which is comprised of an unsymmetrical chelating nitrate as found in one of the crystal structures
reported by Reuter and Reichelt in 2014, enabling obtainment of a distorted octahedron (Figure 4b).
In both structures, the tetraalkylammonium interacts through electrostatic forces.
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Figure 4a:- Discrete mononuclear structure of [R4N(NO3)][SnMe2Cl2] (R=Pr, Bu)

Figure 4b:- Discrete mononuclear structure of [R4N(NO3)][SnMe2Cl2] (R=Pr, Bu)
FT-IR data of H exhibits vibration bands at 1357, 1334 and at 1070 cm-1 assigned to ν3 and ν1 nitrato vibrations,
respectively. The vibration bands observed in the far infrared data at 335 and at 212 cm-1 attributed in order to νSnCl
and νSnO corroborate presence and coordination of the nitrate anion towards the tin centre. Vibration bands located
at 591 and 557 cm-1 are attributed to ν4 nitrate vibrations.
The quadrupole splitting of Pr 4NNO3∙SnBu2Cl2 (H) of 3.54mms-1 is consistent with an octahedral arrangement at tin
atom with n-butyl groups in trans positions (Bancroft and Platt, 1972).
These spectroscopic data allow to suggest a discrete structure with a monochelating nitrate (Figure 5), the cation
being involved in electrostatic interactions with the complex-anion.

Figure 5:- Discrete mononuclear structure of [Pr4N(NO3)][SnBu2Cl2]
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Conclusion:All the studied diorgano- or triorganotin nitrato adducts in this work have a discrete structure with one metallic
centre, two or three tin centres. These structures are well corroborated to crystal characterization of some analogue
compounds. Within this study multiple behaviour of the nitrate such as monodentate, bridging bidentate, tridentate
and monochelating have been evidenced. The environment around the tin atom is a trigonal bipyramidal in the case
of SnR3Cl adducts and octahedral or trigonal bipyramidal in SnR2Cl2 adducts. A limit of spectroscopy that may be
settled by X-ray diffraction has been encountered; selecting the exact behaviour of the nitrate anion between the two
borderlines i.e. the distorted trans-octahedral coordinated SnR2 moiety or the trans-trigonal bipyramidal fashion
one. Further works in attempts to isolate single crystals of the borderlines and other organotin complexes and
adducts involving various anions and cations that may interact in hydrogen bonds giving rise to extensive
supramolecular topologies are in progress in our laboratory (LA.CHI.MI.A).

Acknowledgment:The Dakar group gratefully thanks Professor M. Vidali, University of Padua, Italy and Professor B. Mahieu,
University of Louvain-La-Neuve, Belgium, for equipment support.

References:1.
2.
3.
4.
5.
6.

7.
8.
9.

10.

11.
12.
13.
14.
15.

16.

Meneghetti, M. R. and Meneghetti, S. M. P. (2015): Sn(IV)-based organometallics as catalysts for the
production of fatty acid alkyl esters, Catal. Sci. Technol., 5: 765–771.
Devendra, R., Edmonds, N. R. and Sohnel, T. (2015): Organotin carboxylate catalyst in urethane formation in a
polar solvent: an experimental and computational study. RSC Adv., 5: 48935–48945.
Gielen, M., Biesemans, M. and Willem, R. (2005): Organotin compounds: from kinetics to stereochemistry and
antitumour activities. Appl. Organomet. Chem., 19: 440–450.
Davies, A. G., Gielen, M., Pannell, K. H. and Tiekink, E. R. T. (2008): In Tin Chemistry, Fundamentals,
Frontiers, and Applications, John Wiley & Sons Ltd: Chichester, UK.
Hadjikakou, S. K. and Hadjiliadis, N. (2009): Antiproliferative and anti-tumor activity of organotin compounds.
Coord. Chem. Rev., 253: 235–249.
Sirajuddin, M., Ali, S., McKee, V., Zaib, S. and Iqbal, J. (2014): Organotin(IV) carboxylate derivatives as a
new addition to anticancer and antileishmanial agents: design, physicochemical characterization and interaction
with Salmon sperm DNA. RSC Adv., 4: 57505–57521.
Amir, M. K., Khan, S., Zia-ur-Rehman, Shah, A. and Butler, I. S. (2014): Anticancer activity of organotin(IV)
carboxylates. Inorg. Chim. Acta, 423: 14–25.
Mao, W., Bao, K., Feng, Y., Wang, Q., Li, J. and Fan, Z. (2015): Synthesis, crystal structure, and fungicidal
activity of trioriganotin(IV) 1-methyl-1H-imidazole-4-carboxylates. Main Group Met. Chem., 38: 27–30.
Franzoni, D., Pelizzi, G., Predieri, C., Tarasconi, P., Vitali, F. and Pelizzi, C. (1989): Synthesis and structural
studies on silver–tin complex salts with bis(diphenylarsino)methane and bis(diphenylphosphino)methane. J.
Chem. Soc. Dalton Trans., 247–252.
Bonardi, A., Cantón, A. Pelizzi, C., Pelizzi, G. and Tarasconi, P. (1991): Silver−tin complex salts. A dimeric
tin-complex
anion
with
a
double
hydroxyl
bridge.
Crystal
structure
of
[Ag(AsPh3)4]2[Sn2Ph4(NO3)4(OH)2]·2CH3CN. J. Organomet. Chem., 402(2): 281–288.
Franzoni, D., Pelizzi, G., Predieri, C., Tarasconi, P. and Pelizzi, C. (1988): Synthesis and structural studies on
silver–tin complex salts with cis-1,2-bis(diphenylphosphino)ethylene. Inorg. Chim. Acta, 150: 279–285.
Pelizzi, C., Pelizzi, G. and Tarasconi, P. (1984): Synthesis and crystal and molecular structure of a silver tin
complex salt, [Ag(PPh3)4][SnPh2(NO3)2(Cl,NO3)]. J. Organomet. Chem., 277(1-4): 29–35.
Pelizzi, C., Pelizzi, G. and Tarasconi, P. (1983): Structural characterization of a binuclear tin adduct: µ-oxalatobis[nitratodiphenyl(triphenylarsine oxide)tin(IV)]. J. Chem. Soc. Dalton Trans., 2689–2691.
Nardelli, M., Pelizzi, C., Pelizzi, G. and Tarasconi, P. (1985): Chemical and structural aspects of silver–
triphenylarsine complexes and silver–tin complex salts. J. Chem. Soc. Dalton Trans., 321–331.
Dondi, S., Nardelli, M., Pelizzi, C., Pelizzi, G. and Predieri, G. (1985): Investigation into diphosphine oxides as
ligands in diorganotin(IV) adducts. Part 3. Synthesis and crystal structure of two adducts of
dinitratodiphenyltin(IV) with cis- and trans-1,2-bis(diphenylphosphoryl)ethylene. J. Chem. Soc. Dalton Trans.,
487–491.
Dondi, S., Nardelli, M., Pelizzi, C., Pelizzi, G. and Predieri, G. (1986): Coordination behaviour of diphosphine
and diarsine oxides in four organotin(IV) adducts. J. Organomet. Chem., 308(2): 195–206.

21

ISSN: 2320-5407

Int. J. Adv. Res. 7(5), 12-22

17. Al-Juaid, S. S., Al-Rawi, M., Eaborne, C., Hitchcock, P. B. and Smith, J. D. (1998): Organotin compounds
containing a bulky (Me3Si)3C or related ligand. Crystal structures of {(Me3Si)3CMe(O2NO)Sn}2O,
(PhMe2Si)3CSnMeCl2 and (PhMe2Si)3CSnCl3. J. Organomet. Chem. 564(1-2): 215–226.
18. Ma, C., Zhang, J., Jiang, Q. and Zhang R. (2004): Syntheses and crystal structures of three diorganoltin(IV)
macrocycles. Inorg. Chim. Acta, 357(9): 2791–2797.
19. Shankar, R., Kumar, M., Chhadha, R. K. and Narula, S. P. (2004): Reactivity behavior of
(hydroxy)diorganotin(IV)methanesulfonates with ionic nucleophiles – synthesis and structural characterization
of novel diorganostannate salts, [R2Sn(μ-OH)(OSO2Me)(ONO2)]22Bu4N. Polyhedron, 23(1): 71–75.
20. Jurkschat,
K.
and
Tiekink,
E.
R.
T.
(2003):
Tetraphenylphosphonium
nitratobis
(chlorodiphenylstannate)methane, [Ph4P]+[(Ph2ClSn)2CH2.NO3]−. Appl. Organomet. Chem., 17: 819–820.
21. Jurkschat, K., Reeske, G., Schürmann, M. and Tiekink, E. R. T. (2003): Crystallographic report:
Bis(tetraphenylphosphonium) bis(dichloro‐ nitratophenylstannate)methane, [Ph4P+]2[(PhCl2(NO3)Sn)2CH2]2-.
Appl. Organomet. Chem., 17(11): 885–886.
22. Svec, P., Cernoskova, E., Padelkova, Z., Ruzicka, A. and Holecek, J. (2010): Tri- and diorganostannates
containing 2-(N,N-dimethylaminomethyl)phenyl ligand. J. Organomet. Chem., 695: 2475–2485.
23. Zhong, H., Zeng, X. R., Yang, X. M. and Luo, Q. Y. (2007): Bis(4,4′-bipyridine-κN)tetrakis(nitratoκ2O,O′)tin(IV). Acta Crystallogr., E63(6): m1566.
24. Reuter, H. and Reichelt, M. (2014): Reaction products of diorganotin(IV) oxides, R 2SnO, with nitric acid. Part
1: R = methyl, ethyl, and isopropyl. Can. J. Chem., 92: 471–483.
25. Diop, T., Diop, L. and Michaud, F. (2011): X-ray structure of Et4NNO3·SnPh2Cl2. Main Group Met. Chem.,
34(1-2): 27–28.
26. Diop, T., Diop, L., Michaud, F. and Ardisson, J. D. (2013): Et 4N[NO3(SnClPh3)2(SnPh3NO3)]: a trinuclear
organostannate complex and related derivatives. Main Group Met. Chem., 36(3-4): 83–88.
27. Diop, M. B. and Diop, L. (2017): Nitrato adducts and derivatives: Synthesis and infrared study. J. Eng. Stud.
Res., 23(1): 7–11.
28. Okio, K. Y. A., Diop, L. and Russo, U. (2009): [Cy2NH2SO4(SnPh3)2X]2 (X = F, Cl): Synthesis and
spectroscopic studies. Scientific Study and Research, 10(1): 11–14.
29. Diallo, W., Diassé‐ Sarr, A., Diop, L., Mahieu, B., Biesemans, M., Willem, R., Köhn, G. K. and Molloy, K. C.
(2009a): X ray structure of tetrabutylammonium chlorotrimethyltin hydrogenosulphate: The first cyclic dimer
hydrogenosulphato hydrogen bonded adduct. Scientific Study and Research, 10(3): 207–212.
30. Diallo, W., Okio, K. Y. A., Diop, C. A. K., Diop, L., Diop, L. A. and Russo, U. (2009b): New selenito SnPh 3
residue containing complexes and adducts: Synthesis and spectroscopic studies. Main Group Met. Chem.,
32(2): 93–100.
31. Kane, H. Q., Okio, K. A., Fall, A., Diop, L., Russo, U. and Mahieu, B. (2009): Interactions between
(Me4N)2C2O4.SnPh2C2O4.H2O and some Lewis acids: Synthesis, IR and Mossbauer studies of new trinuclear
dioxalato complexes. Main Group Met. Chem., 32(5): 263–268.
32. Bouâlam, M., Willem, R., Biesemans, M., Mahieu, B., Meunier-Piret, J. and Gielen, M. (1991): Synthesis,
characterization and in vitro antitumor activity of diorganotin derivatives of substituted salicyclic scids and
analogs. Crystal structure of Bis(5-methoxysalicylato-di-n-butyltin)oxide. Main Group Met. Chem., 14: 41–56.
33. Nakamoto, K. (1997): Infrared and Raman Spectra of Inorganic and Coordination Compounds, Edited by John
Wiley and Sons, 5th Edition.
34. Tudela, D. and Calleja, J. M. (1993): Tin-carbon and tin-chlorine stretching frequencies in triphenyltin chloride.
Spectrochim. Acta, 46A: 1023.
35. Bancroft, G. M. and Platt, R. H. (1972): Mössbauer spectra of inorganic compounds: Bonding and structure,
Advances in Inorganic Chemistry and Radiochemistry, Edited by H. J. Emeleus and A. G. Sharpe, Academic
Press, New York, 15, pp. 59–258.
36. Parish, R. V. (1984): "Structure and bonding in tin compounds" in "Mossbauer spectroscopy applied to
inorganic chemistry", G. L. Lond Ed., Plenum Press, New York, 1, pp. 530.
37. Diallo, W., Toure, A., Diop, C. A. K. and Sidibe, M. (2018): Some new oxalato and sulfato SnR3 (R=Me, Ph)
and SnR’2Cl (R’=Ph, Bu) residues containing derivatives and complexes: synthesis, infrared, NMR and
Mӧssbauer studies. Int. J. Adv. Res., 6(2): 861–870.

22

