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The tin (IV) and cadmium (II) complexes were synthesized in mixture, the ligand 4,4'-
(ethane-1,2-diylbis(azanylylidene))bis(pent-2-en-2-ol), and the halide metal (SnCl2 or CdI2). 
Complex synthesis involves partial hydrolysis of the ligand followed by condensation 
cyclization. The new tin complex obtained crystallizes in the monoclinic space group P21/n 
with a = 8.5468(5) Å, b = 17.9907(9) Å, c = 12.7227(7) Å, β = 94.220(5) °, V = 1950.98(18) 
Å3 and Z = 4. The asymmetric unit consists of an anion tetrachloro-(acetylacetonato) 
stannate(IV) and a heptacyclic cation. The geometry of the complex is octahedral with cis 
coordination of the two oxygens of the acetylacetone. The cadmium complex crystallizes in 
the orthorhombic space group Pbca with a = 14.7395(9) Å, b = 8.5914(5) Å, c = 23.2825(13) 
Å, V = 2948.3(3) Å3, Z = 8. The geometry around cadmium is a deformed tetrahedron. The 
heptacyclic cation and the anionic complex are interconnected through hydrogen bonding 
interactions, specifically N–H···Cl or N–H···I, forming a network. 
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1. Introduction 
 

In recent years, the attention to organic/inorganic 
compounds has increased, and tin (IV) complexes containing 
mono- and bidentate O-donor ligands are becoming 
increasingly important because of a number of compounds [1]. 
Hybrid organic-inorganic compounds are an emerging class of 
new materials that hold significant promise [2]. These complex 
structures, based on a molecular-scale composite of organic and 
inorganic components, allow the combination of the properties 
of organic and inorganic elements in a unique material [3]. 
Organic and inorganic compounds are embedded, and only 
weak bonds (hydrogen, van der Waals, or ionic bonds) give the 
cohesion to the whole structure. Inorganic compounds, 
typically characterized by covalent and ionic interactions, 
exhibit a wide range of electronic properties, including high 
electrical mobility and a broad spectrum of band gaps (e.g., 
insulators, semiconductors, and metals). They also possess 
notable magnetic and dielectric properties, thermal stability, 
and mechanical hardness [4]. Organic compounds, which 
typically interact through weaker interactions, with van der 
Waals or hydrogen bonding, offer the potential of high 

luminescence efficiency, large polarizability, plastic mechanical 
properties, and in some cases exhibit conducting properties 
[3,5]. Hybrid organic/inorganic compounds are considered 
innovative advanced materials. Promising applications are 
expected in many fields including optics, electronics, 
mechanics, protective coatings, catalysis, sensors, biology, and 
others [6-16]. Recently, organic/inorganic hybrid semi-
conductor materials with a perovskite structure have attracted 
attention as light sensitizers for solar cells due to their superb 
photovoltaic characteristics [17]. In this present study, we 
report the synthesis of a tetradentate ligand (4,4'-(ethane-1,2-
diylbis(azanylylidene))bis(pent-2-en-2-ol)) and two new 
complexes tetrachloro-(acetylacetonato)stannate(IV) and tri-
iodocadmate(II)) stabilized by a heptacyclic cation. These new 
complexes will be characterized by infrared spectroscopy (IR) 
and single-crystal X-ray diffraction (SCXRD).  

 
2. Experimental  
 
2.1. Materials and physical measurements  
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Table 1. Crystallographic data of the prepared complexes. 
Compound Tin complex Cadmium complex 
Empirical formula C12H20Cl4N2O2Sn  C7H13CdI3N2  
Formula weight (g/mol) 484.79  618.29  
Temperature (K) 297(2)  120.01  
Crystal system Monoclinic  Orthorhombic  
Space group P21/n  Pbca  
a, (Å) 8.5468(5)  14.7395(9)  
b, (Å) 17.9907(9)  8.5914(5)  
c, (Å) 12.7227(7)  23.2825(13)  
β (°) 94.220(5)  90  
Volume (Å3) 1950.98(18)  2948.3(3)  
Z 4  8  
ρcalc (g/cm3) 1.65  2.786  
μ (mm-1) 1.861  7.733  
F(000) 960.0  2208.0  
Crystal size (mm3) 0.41 × 0.17 × 0.13  0.18 × 0.18 × 0.04  
Radiation MoKα (λ = 0.71073)  MoKα (λ = 0.71073)  
2Θ range for data collection (°) 3.92 to 52.74  5.528 to 54.96  
Index ranges -10 ≤ h ≤ 9, -22 ≤ k ≤ 22, -15 ≤ l ≤ 15  -19 ≤ h ≤ 19, -11 ≤ k ≤ 11, -30 ≤ l ≤ 30  
Reflections collected  21391  72979  
Independent reflections  3984 [Rint = 0.0537, Rsigma = 0.0324]  3377 [Rint = 0.0278, Rsigma = 0.0083]  
Data/restraints/parameters  3984/6/202  3377/0/120  
Goodness-of-fit on F2  1.059  1.183  
Final R indexes [I≥2σ (I)]  R1 = 0.0347, wR2 = 0.0847  R1 = 0.0196, wR2 = 0.0476  
Final R indexes [all data]  R1 = 0.0456, wR2 = 0.0932  R1 = 0.0205, wR2 = 0.0481  
Largest diff. peak/hole (e.Å-3) 0.69/-0.43  0.72/-0.57  
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Scheme 1. Synthesis of ligand (4,4'-(ethane-1,2-diylbis(azanylylidene))bis(pent-2-en-2-ol)). 

 

 
 

Scheme 2. Oxidation of tin: Sn2+ to Sn4+. 

 
Chemicals (acetylacetone, ethylenediamine, SnCl2, CdI2) 

were purchased from Sigma-Aldrich and used without further 
purification. The solvent used for the synthesis is absolute 
ethanol. Infrared spectra were recorded on a FT-IR Bruker 
Tensor 27 spectrometer in the range of 4000-200 cm-1. 1H and 
13C NMR spectra were recorded on a Bruker AV2 (400 MHz) 
spectrometer in DMSO-d6. X-ray crystallographic data were 
collected using a Crys Alis PRO 1.171.41.93a diffractometer 
operating at T = 297 K for the tin complex and 120 K for the 
cadmium complex. Data were measured using φ and ω scans 
with MoKα radiation (λ = 0.71073 Å). The structure was solved 
by direct methods using SIR92 [18] and was refined by least 
squares minimization with SHELXL [19]. The program used for 
the representation of molecular and crystal structures: OLEX2 
[20]. Crystal data, data collection, and structure refinement 
details for the complexes are summarized in Table 1. 
 

2.2. Synthesis 
 
2.2.1. Synthesis of the ligand 
 

The ligand was synthesized by mixing in a round bottom 
flask containing ethanol, 6 g (60 mmol) of pentane-2,4-dione 
and 1.8 g (30 mmol) of ethylenediamine. This mixture is 
refluxed for 5 h at a temperature of 80 °C; the yellow coloration 
of the mixture is obtained. After 5 hours of stirring and heating, 
the mixture is filtered and slowly evaporated for a few days, and 
the yield obtained is 82% (Scheme 1). 

4, 4'-(Ethane-1, 2-diylbis(azanylylidene))bis(pent-2-en-2-
ol): Color: White. Yield: 82%. FT-IR (ν, cm-1): 3261 (OH), 2980 
(CH), 1602 (C=N). 1H NMR (400 MHz, DMSO-d6, δ, ppm): 1.86 (s, 
6H, CH3-C-OH), 1.89 (s, 6H, CH3-C=N), 3.39 (s, 4H, CH2-CH2), 4.94 
(s, 2H, CH=C), 14.00 (s, 2H, -OH).  13C NMR (100 MHz,  DMSO-d6,  
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Scheme 3. Synthesis of the tin complex. 
 
δ, ppm): 193.67 (C2, C2’), 163.40 (C4, C4’), 95.57 (C3, C3’), 43.33 
(C6, C6’), 29.07 (C5, C5’), 18.71 (C1, C1’).  Solubility: Ethanol, 
methanol, dimethylsulfoxide, DMF, acetonitrile, acetone, and 
chloroform. 
 
2.2.2. Synthesis of complexes 
 
2.2.2.1. Synthesis of tin (IV) complex 
 

The complex was synthesized by mixing 0.222 g (1 mmol) 
of the ligand and 0.379 g (2 mmol) of tin(II) chloride in absolute 
ethanol in a 1:1 ratio. The precipitate mixture obtained is then 
refluxed for 14 h at a temperature of 80 °C. The yellow solution 
was then slowly cooled to room temperature and then filtered. 
After a few days of evaporation of the filtrate, a small yellow 
crystal was obtained for X-ray diffraction. The crystallographic 
and IR spectra study of the complex showed a hydrolysis of the 
ligand as well as an oxidation of tin (II) to tin (IV) (Scheme 2), 
the hydrolysis of the ligand giving two molecules of 
acetylacetone and ethylene diamine. Acetylacetone reacts with 
ethylenediamine by dehydration followed by condensation to 
give a heptacyclic cation and the acetylacetonate ion. These 
react with SnCl4 from the Jorgensen symbiosis (Scheme 3), to 
give the anionic tetrachloro-(acetylacetonato)stannate (IV) 
complex and a heptacyclic cation (5,7-dimethyl-2,3-dihydro-
1H-1,4-diazepin-4-ium). 

5, 7-Dimethyl-2, 3-dihydro-1H-1, 4-diazepin-4-ium tetra 
chloro-(acetylacetonato)stannate(IV): Color: Yellow. Yield: 
32%. FT-IR (ν, cm-1): 3289 (NH) (amine), 3000 (CH), 1659 
(C=O) (ketone), 1595 (C=N) (imine).  
 
2.2.2.2. Synthesis of cadmium (II) complex 
 

The complex was synthesized by mixing 0.222 g (1 mmol) 
of the ligand and 2 mmol of CdI2 in absolute ethanol in a 1:1 
ratio. This precipitate mixture obtained is then refluxed for a 
minimum of 5 h at 80 °C. The solutions were then slowly cooled 
to room temperature and then filtered. After a few days of 
evaporation of the filtrate, small yellow crystals were obtained 
for SCXRD. The crystallographic study of the complexes showed 
that the ligand was partially hydrolyzed. The crystallographic 
study of the complex showed the hydrolysis of the ligand. The 
latter reacts with the ketone group of the imine to give a 
heptacyclic cation (Scheme 4).  

5,7-Dimethyl-2,3-dihydro-1H-1,4-diazepin-4-ium tri-iodo 
cadmate(II): Color: Yellow. Yield: 26%. FT-IR (ν, cm-1): 3271 
(NH) (amine), 3097 (CH), 1620 (C=N) (imine).  

3. Results and discussion  
 
3.1. IR spectra of complexes 
 

The infrared spectrum of the tin complex shows an 
absorption band at 3289 cm-1 attributed to ν(NH) of a 
secondary amine, we also observe the presence of small bands 
around 3000 cm-1 corresponding to the ν(CH). The band at 1659 
cm-1 is attributed to ν(C=O) of a ketone, the reduction of this 
band compared to that of a free ketone expected around 1720 
cm-1 shows that C=O participates in the coordination of tin [21]. 
The vibration band ν(C=N) of the cation appears at 1595 cm-1. 
For the cadmium complex, the infrared spectrum of the 
complex shows a band at 1620 cm-1 attributed to the vibration 
band of the azomethine group ν(C=N) contained in the cation. 
We also note the presence of aliphatic ν(CH) bands at 2929 and 
3097 cm-1 and an absorption band relative to ν(NH) at 3271   
cm-1 [22].  
 
3.2. Crystallographic study of tin complex 
 

Crystal structure analysis reveals that the tin complex 
crystallizes in a monoclinic system with P21/n space group. The 
parameters of unit cell are: a = 8.5468(5) Å, b = 17.9907(9) Å, c 
= 12.7227(7) Å, and β = 94.220(5)° (Table 1). The asymmetric 
unit consists of an anion tetrachloro-(acetylacetonate)stannate 
(IV) and a heptacyclic cation (Figure 1). The anion contains an 
ion acetylacetonate and a fraction of SnCl4. The CO bond lengths 
in the ion acetylacetonate (O1-C2 = 1.281 Å and O2-C4 = 1.282 
Å) indicate that these are double bonds (C=O the ketone group) 
(Table 2) [23]. The geometry around the tin complex is 
octahedral with cis coordination of the C=O groups of the 
acetylacetonate ion. The equatorial positions of the octahedron 
are occupied by two oxygen atoms of the acetylacetonate ion 
(O1 and O2) and two chlorine atoms (Cl1 and Cl2). The values 
of the angles around the tin are: Cl2-Sn1-O1 = 89.05(8)°, O1-
Sn1-O2 = 86.044(10)°, O2-Sn1-Cl1 = 87.95(7)° and Cl2-Sn1-Cl1 
= 96.57(4)° (Table 2). The deformation of the bond angles 
around the tin compared to the ideal angle shows that the 
geometry is a deformed octahedron [24], the axial positions are 
occupied by the chlorine atoms Cl3 and Cl4. Thus, the distances 
Sn1-O (Sn1-O1 = 2.095 Å and Sn1-O2 = 2.093 Å) and Sn1-Cl 
(Sn1-Cl1 = 2.3763 Å, Sn1-Cl2 = 2.3749 Å, Sn1-Cl3 = 2.4129 Å, 
Sn1-Cl4 = 2.4097 Å) are in good agreement with that reported 
in the literature [25-29]. 
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Table 2. Bond lengths and angles for the tin complex. 
Atom Atom  Length (Å)  Atom Atom  Length (Å) 
C1 C2  1.500(6)  Cl4 Sn1  2.4097(11) 
C2 C3  1.368(6)  C6 C7  1.505(6) 
C2 O1  1.281(5)  C7 C8  1.386(6) 
C3 C4  1.382(6)  C7 N1  1.306(6) 
C4 C5  1.494(5)  C8 C9  1.391(6) 
C4 O2  1.282(4)  C9 C10  1.482(6) 
O1 Sn1  2.095(2)  C9 N2  1.305(5) 
O2 Sn1  2.093(2)  C11 C12  1.478(6) 
Cl1 Sn1  2.3763(10)  C11 N1  1.456(6) 
Cl2 Sn1  2.3749(10)  C12 N2  1.445(6) 
Cl3 Sn1  2.4129(11)         
Atom Atom Atom Angle (°)   Atom Atom Atom Angle (°) 
C3 C2 C1 120.3(4)   Cl1 Sn1 Cl3 92.93(4) 
O1 C2 C1 114.2(4)   Cl1 Sn1 Cl4 92.01(4) 
O1 C2 C3 125.5(4)   Cl2 Sn1 Cl1 96.57(4) 
C2 C3 C4 127.4(4)   Cl2 Sn1 Cl3 90.90(4) 
C3 C4 C5 121.0(4)   Cl2 Sn1 Cl4 91.64(4) 
O2 C4 C3 125.0(4)   Cl4 Sn1 Cl3 174.15(4) 
O2 C4 C5 114.0(4)   C8 C7 C6 118.3(4) 
C2 O1 Sn1 127.1(3)   N1 C7 C6 115.4(4) 
C4 O2 Sn1 127.1(2)   N1 C7 C8 126.2(4) 
O1 Sn1 Cl1 174.36(8)   C7 C8 C9 131.8(4) 
O1 Sn1 Cl2 89.05(8)   C8 C9 C10 119.1(4) 
O1 Sn1 Cl3 86.45(8)   N2 C9 C8 125.4(4) 
O1 Sn1 Cl4 88.32(8)   N2 C9 C10 115.4(4) 
O2 Sn1 O1 86.44(10)   N1 C11 C12 114.4(5) 
O2 Sn1 Cl1 87.95(7)   N2 C12 C11 111.9(4) 
O2 Sn1 Cl2 175.48(7)   C7 N1 C11 125.7(4) 
O2 Sn1 Cl3 88.87(8)   C9 N2 C12 126.0(4) 
O2 Sn1 Cl4 88.18(8)           
 
Table 3. Geometric parameters of hydrogen bonds of the tin complex. 
D-H···A * d(D-H), Å d(H-A), Å d(D-A), Å ∠ D-H-A, ° 
N1-H1··· Cl31 0.859(19) 2.69(2) 3.502(4) 159(3) 
N2-H2··· Cl42 0.851(19) 2.52(2) 3.350(4) 164(3) 
* Symmetry codes: (1) x+1 /2, -y+1/2, z-1/2; (2) –x+1/2, y+1/2, -z+1/2.  
 

 
 

Scheme 4. Synthesis of the cadmium complex. 
 

 
 

Figure 1. Crystal structure of the tin complex. 
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Table 4. Bond lengths and angles for the cadmium complex *. 
Atom Atom  Length (Å)  Atom Atom  Length (Å) 
I1 Cd  2.7231(4)  N2 C4  1.449(5) 
I2 Cd1  2.8789(4)  C1 C2  1.398(6) 
I2 Cd  2.8256(4)  C1 C6  1.504(6) 
I3 Cd  2.7275(4)  C2 C3  1.392(6) 
N1 C1  1.314(5)  C3 C7  1.505(6) 
N1 C5  1.451(5)  C4 C5  1.524(6) 
N2 C3  1.323(5)         
Atom Atom Atom Angle (°)   Atom Atom Atom Angle (°) 
Cd I2 Cd1 102.608(12)   N1 C1 C2 126.0(4) 
I1 Cd I2 111.910(13)   N1 C1 C6 115.5(4) 
I1 Cd I22 109.756(12)   C2 C1 C6 118.5(4) 
I1 Cd I3 121.276(13)   C3 C2 C1 131.2(4) 
I2 Cd I22 101.225(12)   N2 C3 C2 126.8(4) 
I3 Cd I2 108.178(13)   N2 C3 C7 114.9(4) 
I3 Cd I22 102.255(12)   C2 C3 C7 118.2(4) 
C1 N1 C5 125.0(3)   N2 C4 C5 111.8(3) 
C3 N2 C4 126.6(4)   N1 C5 C4 113.0(3) 
* Symmetry codes: 1 1/2-x, 1/2+y, +z; 2 1/2-x, -1/2+y, +z. 
 
Table 5. Geometric parameters of hydrogen bonds of the cadmium complex. 
D-H···A d(D-H), Å d(H-A), Å d(D-A), Å ∠ D-H-A, ° 
N1-H1···I1 0.879(5) 2.977(3) 3.742(3) 1146.6(3) 
N2-H2···I3 0.881(5) 2.735(3) 3.528(3) 150.4(3) 
 

 
 

Figure 2. The N-H···Cl hydrogen bonds of the tin complex. Symmetry codes: i x+1 /2, -y+1/2, z-1/2; ii –x+1/2, y+1/2, -z+1/2. 
 

 
 

Figure 3. Infinite chain of the tin complex. 
 

The anionic complex is linked to the heptacyclic cation by 
hydrogen bonds of type Cl31···H1-N1 and Cl42···H2-N2 (Table 
3) that form an infinite chain (Figures 2 and 3).  
 
 
 

3.3. Crystallographic study of cadmium complex 
 

The complex of cadmium crystallizes in the orthorhombic 
system with the Pbca space group. The parameters of unit cell 
are a = 14.7395(9) Å, b = 8.5914(5) Å, c = 23.2825(13) Å, V = 
2948.3(3) Å3, Z = 8. This structure reveals that cadmium is 
tetracoordinated with four iodine atoms (Figure 4). 
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Figure 4. Crystal structure of the cadmium complex, Symmetry codes: i 1/2-x, 1/2+y, +z; ii 1/2-x, -1/2+y, +z. 
 

 
 

Figure 5. Infinite three-dimensional structure of the cadmium complex stabilized by hydrogen bonds (dotted line). 
 
Three non-equivalent iodine atoms are noted in the crystal 

structure, the terminal atoms I1 and I3, and one atom I2 serve 
as a bridge between two cadmium atoms. The geometry around 
cadmium is a distorted tetrahedron with the following bond 
lengths and angles: Cd-I1 = 2.7231(4); Cd1-I2 = 2.8789(4); Cd-
I2 = 2.8256(4); Cd-I3 = 2.7275(4); I1-Cd-I22 = 109.756(12)°, I1-
Cd-I2 = 111.910(13)°; I3-Cd-I22 = 102.255(12)° and I3-Cd-I1 = 
121.276(13)° (Table 4). These values obtained are similar to 
those reported by Gesing et al. [30]. The CdI3- ion is linked to the 
heptacyclic cation by interatomic hydrogen bonds between the 
terminal iodine and the hydrogens of the imine groups forming 
an infinite three-dimensional structure; N1–H1···I1 = 2.976 Å, 
N2–H2···I3 = 2.735 Å (Table 5) and C5–H1···I3 = 3.144 Å (Figure 
5). 
 
4. Conclusion  
 

In summary, two new coordination complexes 
C12H20N2O2·SnCl4 and CdI3·C7H13N2 were obtained, and their 
structures were characterized by IR spectra and X-ray 
diffraction. In the tin complex, the atom Sn(IV) was coordinated 
by two O atoms of the acetylacetonate anion acting as bidentate 
ligands and four ion chlorides. The geometry of the tin complex 
is octahedral and that of the cadmium complex is tetrahedral. 
The heptacyclic cation and the complex anionic are interlinked 
by hydrogen bonding interactions, namely N–H···Cl and N–H···I, 
forming a chain network. 
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