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Synthesis and structural characterization of  polyiodide mixed 

complex of Fe (II) having formula  [Fe(bpy)3](I3)2,Reaction of 
Fe(SO4)2·7H2O , 2,2'-bipyridine,iodine,have been described .Reaction 

of ( Fe(SO4)2·7H2O , 2,2'-bipyridine,iodine ) produce complex in 95 % 

yield The complex was characterized by analytical spectroscopic  and 

molecular structure of the complex was determined by X-ray 

crystallography . 
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Introduction:-  
Polyiodides:-  

Polyiodides have earned much deserved attention because of their fascinating structural chemistry.The chemistry of 

polyiodides is vast. Up until now, a large number of polyiodide ions have been structurally characterized and mono-, 

di-, tri-, and tetra anions with different iodine contents have been established (I2
- to I29

3-).10 The Lewis acid acceptor 

iodine and the Lewis base donors I- or I3- can be regarded as the fundamental “building blocks” of polyiodides.The 

building blocks catenate easily and a large variety of polyiodides can be synthesized with various geometric 

features.The great variety of possible polyiodide structures is a consequence of the ability of iodine to catenate 

through donor-acceptor interactions combined with the influence of counter ions.These features have been 

rationalized and utilized in template synthesis, as well as in molecular and crystal engineering, where different 
cations are used to achieve special structural features. Apart from cation variation, it is also possible to substitute the 

polyiodide building blocks for other donor and acceptor species in order to modify the structural properties. 

Polyiodides are hypervalent, and many large polyiodide structures cannot be explained by simple covalent bonding 

models. The nature of the bonding in polyiodides has therefore been the object of much theoretical speculation.11 

The stability of the polyiodide anion is largely dependent on the cation chosen. It has been found that most stable 

salts are formed when the cation and anion are of nearly same size.12 

 

Objectives of the present project:-  
The large majority of polyhalide ions have been crystallized as salts of organic cations (for example, aminium ions). 

The ability of tris-chelate complex cations (mainly dications) to generate novel polyhalide structures has been 

demonstrated.1-3The present project was undertaken with the objective of preparing and structurally characterising 

polyiodides using tris-chelate counterions. Since analytical and crystallographic characterization could not be 

completed in most cases, the formulae given under the following sections are tentative. 
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Experimental section:- 
Materials:- 

All chemicals, Fe(SO4)2·7H2O, 2,2’-bipyridyl, Potassium Iodide, Iodine, acetonitrile and DCM were of reagent 

grade obtained from commercial sources and were used without further purification. 

 

Synthesis of [Fe(bpy)3](I3)2·CH3CN (1):-  

Fe(SO4)2·7H2O (0.500 g, 1.79 mmol) and 2,2'-bipyridine (1.00 g, 6.40 mmol) were dissolved in 20 mL of water. To 

this solution, iodine (1.00 g, 3.93 mmol) dissolved in 50 mL dichloromethane, solid KI (0.664 g, 4.00 mmol) and 

dil.Sulphuric acid (1.0 M, 1.0 mL) were added simultaneously and the two-phase reaction mixture was stirred for 20 

minutes. The filtrate was transferred into the separating funnel and the dark red coloured organic layer was extracted 

with an additional amount (30 mL) of dichloromethane and dried over Na2SO4 overnight. The black crystalline 

precipitate formed was collected and dried. Filtered organic extracts were allowed for crystallisation at low 

temperature (5 oC). After six days square shaped black crystals were obtained and collected for SC XRD. 

 

Yield: 2.2987 g(1.702 mmol, 95 %) 

CHN data: C, 26.23; H, 1.75; N, 6.69. 

 

Significant IR Absorptions (cm-1):3049.64, 1608.03, 1561.54, 1468.55, 1442.72, 1303.24, 1267.08, 1158.60, 

1019.12, 957.13, 884.81, 843.48, 760.82, 719.50, 600.68 

 

Table 1:- Crystallographic data and structure refinement for [Fe(bpy)3](I3)2.CH3CN (1) 

 1 

Formula C34H30FeI6N8 

Formula weight 1367.91 

Crystal system Orthorhombic  

a (Å) 20.684(3) 

b (Å) 10.8582(16) 

c (Å) 19.124(3) 

α(°) 90 

β(°) 90 

γ(°) 90 

V(Å3) 1367.91 

Z 4 

Space group Pbcn 

T (K) 298(2) 

ρcalcd. (g cm−3) 2.115 

μ (mm−1) 4.697 

Crystal size (mm3) 0.22 x 0.18 x 0.16  

θ Range (°) 1.969 – 28.299 

h/k/l indices –27, 27/ –14, 14/ –25, 25 

Reflect., collectd 47035 

Unique reflect., Rint 5230, 0.0420 

GOOF 1.098 

R1[I >2(σΙ)] 0.0494 

wR2[all data] 0.1081 

 

Physical measurement:-  
IR spectra were recorded by using KBr pellets on a Jasco 5300 FT/IR infrared spectrometer.  

 

X-ray Crystallography:-  

X-ray data was collected for compound 1 on a Bruker D8 Quest APEX CCD X-ray diffractometer, using graphite-

monochromated Mo-K radiation (λ = 0.71073 Å). Data were reduced using SAINTPLUS30 and a multi-scan 
absorption correction using SADABS31 was performed. The structure was solved using SHELXS-9732 and full 
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matrix least squares refinement against F2was carried out using SHELXL-97. All ring hydrogens were assigned on 

the basis of geometrical considerations and were allowed to ride upon the respective carbon atoms. 

 

Results and Discussion:- 
The complex 1 is crystallizes in the orthorhombic system, space group Pbcn, with 4 molecules in the unit cell. The 

structure consists of [Fe(bpy)3]
2+ cations and two I3

– anions. Views of cation and anions are shown in Figure 1. The 

crystal consists of a [Fe(bpy)3]
2+ cation on a two- fold axis and two I3¯ anions one of which sits on a two-fold axis of 

symmetry. The [Fe(bpy)3]
2+ cation, possesses an average Fe–N bond distance of 1.968 Å and the average N–Fe–N 

bond angle of 81°. Geometrical parameters are presented in Table 2. 
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Figure. 1:- ORTEP view of [Fe(bpy)3](I3)2·CH3CN in 1. (a) Tris chelate of  [Fe(bpy)3]
2+;  

(b) nearly leaner symmetrical I3
–. Atoms are shown as 30% thermal ellipsoids. Hydrogen atoms  

and lattice solvent acetonitrile molecule are omitted for clarity. (i) = –x, y, –z+3/2. 

 

Table 2:- Selected bond lengths [Å] and bond angles [°] for compound 1. 

Fe-N(1)       1.973(4) Fe-N(2)              1.963(4) Fe-N(3)                    1.969(4) 

Fe-N(1)#1                       1.973(4) Fe-N(2)#1                        1.963(5) Fe-N(3)#1                        1.969(4) 

I(1)-I(2)                    2.9186(7) I(2)-I(3)                    2.9201(7)   

N(1)-Fe-N(2) 81.51(17) N(2)-Fe-N(3) 94.75(16) N(1)-Fe-N(3) 87.78(17) 

N(2)-Fe-N(2)#1 89.2(2) N(2)-Fe-N(3) #1 175.47(16) N(3)-Fe-N(3)#1 81.4(2) 

N(2)#1-Fe-N(1) 95.05(17) N(2)#1-Fe-N(3)#1 94.75(16) N(3)#1-Fe-N(1) 95.87(17) 

N(2)#1-Fe-N(1)#1 81.51(17) N(3)#1-Fe-N(1)#1 87.78(17) N(1)-Fe-N(1)#1 175.2(2) 

I(1)-I(2)-I(3) 177.63(2)  

(#1) –x, y, –z+3/2 

   

Redox properties of the bipyridyl derivatives of the transition metals are highly connected with their great redox 
capacity, which is in turn due to the branched π system of the bipyridyls. 

 

These complexes are nearly isostructural .Metal atoms with +2 oxidation state are oxidized to +3 by Bromine and 

Iodine. For metals the oxidation of M 2+ to M 3+ occurs due to the large reduction potential values of M 2+ / M 3+ and 

Br2
 /Br-  (1.07 E0 ) or of M 2+ / M 3+ and I2

 /I- (-0.535)  .The reduction potential values for the metals are  Co2+/Co3+ (–

1.80 E0),  Fe2+ /Fe3 (–0.77 E0), Mn2+/Mn3+ (–1.51 E0).    
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M2+ + 2 Br– + 3 bpy + 9/2 Br2 → [M (bpy) 3] (Br3)1.5(Br8)0.25 

M2+ + 2 I– + 3 bpy + 9/2 Br2 → [M (bpy) 3] (I3)1.5(I8)0.25 

 

Conclusion:- 
The formation of unusual  polyiodide anions during the synthesis of the present set of complexes shows that subtle 

differences in the size and shape of the cations can profoundly infuence the structure an anions. A detailed study of 

the synthesisied complexes could help in achieving polyhalide species with special physical properties arising from 

charge transfer electronic transitions and low-dimensional solid-state structures of polyhalide anions. 
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