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Abstract: Synthesis and structural characterization of  polyiodide and mixed polyhalide complex of copper (II) 

having formula [Cu(phen)3](I4Br4)0.5(IBr2) ,Reaction of CuBr2 ,1,10-phenantroline , iodine and  bromine ,have 

been described . Reaction of 1: 3 :2 :5 ( of CuBr2 , 1,10-phenantroline, iodineand bromine ) produce complex in 

72 % yield The complex was characterized by analytical spectroscopic  and molecular structure of the 

complexwas determined by X-ray crystallography . 

Keywords : [Cu(phen)3](I4Br4)0.5(IBr2) ,X-ray crystallography . 

 

I. Introduction 

The polyhalide species (iodides, bromides and iodobromides) have been synthesized as salts of 

inorganic or organic cations, because of their interesting structural variety and unusual physical 

properties.
1
Everypolyhalide ion contains halogen molecules (X2) acting as Lewis acid (acceptor) and halide ions 

(X
–
) acting as Lewis base (donar).These are the fundamental building blocks of polyhalides with different shape 

of structure and their complexity. Among all known polyhalides, the chemistry of the iodine compounds has 

long been known and large number of polyiodide anions have been structurally characterized in the range of I3
–
 

to I29
– 
with infinite–chain and layer type networks.The Lewis acid acceptor iodine and the Lewis base donors I

–

or I3
–
 can be regarded as the fundamental “building blocks” of polyiodides. 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. 

A limited number of polybromide anions have also been reported: Br3
–
, Br4

2–
, Br8

2–
, Br11

–
, Br20

2– 
and 

Br24
2–

.
4, 5

 Consequently,these reported polybromides are used in carbon nanotube modification, battery 

technology, and synthetic chemistry.
6,7

 However, our understanding of the factors that control polybromide is 

still significantly less well developed than it is for polyiodide. It should be noted that polyiodides and 

polybromides of the same couterion exhibit the same kind of polyhalide structure in all instances reported to 

date.
8
With regard to I–Br mixed polyhalide anions, five different types (I2Br

–
/IBr2

–
,
9,10

I2Br3
–
,
11

IBr4
–
,
12

and I3Br4
–

10c,13
) mono anions and one dianion (I2Br6

2–
)

12
 have been reported. Out of the five mono anions, tri-iodobromide 

(IBr2
–
or I2Br

–
) anion has reported in huge numbers with different cations.

9,10 

 

II. Experimental Section 
2.1. Materials:All chemicals (metal acetates, metal bromides, 1, 10–phenanthroline, 2, 2'–bipyridyl, potassium 

iodide, iodine, bromine, acetonitrile and DCM) were of reagent grade obtained from commercial sources and 

were used without further purification. 

 

2.2 .[Cu(phen)3](I4Br4)0.5(IBr2) (4):CuBr2 (0.225 g, 1.00 mmol) was dissolved in 10.0 mL acetonitrile dark 

green colour solution is formed. To this solution ,1,10-phenantroline (0.596 g , 3.00 mmol), dissolved in10.0mL 

acetonitrile was added and stirring was carried out for 15 min, green colour solution is formed. To this resulting 

mixture, iodine(0.508g, 2.00 mmol) dissolved in 10.0mL acetonitrile and  bromine(0.300  mL, 5.82 mmol) 

dissolved in 10.0 mL acetonitrile were added  and stirring was continued for 10 min. Clear brick red colour 

solution formedwas filtered and kept for crystallization  at 5 °C. The dark green crystals formed were collected 

after 4 days. Yield: 1.093 g (0.838 mmol,83.8%), Anal.Calc.for C36H24Br4CuI3N6(M.W,1304.49):  C, 32.06; H, 

1.86; N,6.51.Found:C, 1.18;N, 0.77;H,5.28.Important IR absorptions(KBr/cm
-1

): 2357, 1577, 1515, 1417, 1340, 

1216,  1102, 952,833, 771, 715, 637, 508. 

 

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

spectrometer. Elemental analysis for C, H and N was obtained using a FLASH Ea 1112 SERIES CHNS 

analyser.  

 

2.4 .X-ray Crystallography: X-ray data was collected for complex on a Bruker D8 Quest APEX CCD X-ray 

diffractometer, using graphite-monochromated Mo-K radiation (λ = 0.71073 Å). Data were reduced using 

SAINTPLUS
13

 and a multi-scan absorption correction using SADABS
14

 was performed. The structure was 
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solved using SHELXS-97
15

 and full matrix least squares refinement against F
2
was 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.Crystallographic data and structure refinement parameters are presented in Table1. 

 

Table 1.Crystallographic data and structure refinement for [Cu(phen)3](IBr2)(I4Br4)0.5. 
Formula C36H24Br4CuI3N6 

Formula weight 1304.49 

Crystal system Triclinic 

a (Å) 12.6650(6) 

b (Å) 13.1915(6) 

c (Å) 13.4211(6) 

α(°) 79.097(2) 

β(°) 65.2330(10) 

γ(°) 71.301(2) 

V(Å3) 1924.63(16) 

Z 2 

space group 
P 1  

T (K) 100(2) 

ρcalcd. (g cm−3) 2.251 

μ (mm−1) 7.162 

θ Range (°) 2.263 to 27.581 

h/k/l indices –16/16,  –17/17,  –17/17 

Reflections collected 80608 

Uniquereflect, Rint 8861, 0.0391 

GOOF 1.035 

R1[I >2(σΙ)] 0.0658 

wR2[all data] 0.1474 

 

III. Results and Discussion 
Compound consisting a[Cu(phen)3]

2+
tris–chelate cation and (I4Br4)

2–
0.5, (IBr2)

–
anions in the asymmetric 

unit. General views of the ORTEP diagram of cation and anions are shown in Figure1. The complex crystallize 

in the triclinic system, space group P 1 , with two molecules in the unit cell. The average metric parameters (Å, 

°) for the Cu(phen)3
2+

 is Cu–N 2.13 Å, N–Cu–N (linear) 169.1°, N–Cu–N (bite) 88.8°. Selected bond lengths 

and bond angles for compound given in Table 2 and parameters are comparable with previously reported 

structures.
16

 The cation of [Cu(phen)3]
2+

associated withtwo different type of mixed polyhalide ions, one 

iscentrosymmetric Z–shape of iodobromide (I4Br4)
2–

 and other one is unsymmetrical IBr2
–
 anion as shown in 

Figure 1. The centrosymmetric (I4Br4)
2–

may be viewed as two IBr2
–
ions connecting to a central I2 molecule 

giving a Z–shape to the ion (Figure 1(b)). In literature Z–shape ions of polyiodides (I8
2–

) and polybromides 

(Br8
2–

) are reported in several times, but the  mixediodobromides known only one structure with (I2Br6)
2–

.
12

 

Therefore this is the second structure of mixed iodobromide (I4Br4)
2– 

Z–shape ion. In contrast to both Z–shape 

of iodobromide structure, present structure reveals slightly larger bond distances, bond angle of (Br–I–Br) and 

angle at Z–bend is shorter.       

The other one is IBr2
–
 ion, which contains unsymmetrical bond distances (2.683 and 2.717 Å) and 

nearly linear bond angle (178.5°). The tri-iodobromide (IBr2
–
) anions are reported in huge numbers with 

different organic and inorganic cations.
10

 In comparison with reported ions, the bond distances and bond angles 

are nearly same and no significant differences are observed. 

 

 
(a) 
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(b) 

 

 
(c) 

Figure 1. ORTEP view of [Cu(phen)3](IBr2)(I4Br4) 0.5 . (a) Tris-chelate of [Cu(phen)3]
2+

, (b) Z–Shape of 

(I4Br4)
2–

0.5 and (c) (IBr2)
–
 anion.( i= –x+1,–y+1,–z+1) 

 

Table 2. Selected bond lengths [Å] and bond angles [°] for [Cu(phen)3](IBr2)(I4Br4)0.5. 
Cu-N(1)                        2.355(6) Cu-N(2)                        2.074(6) Cu-N(3)                        2.017(6) 

Cu-N(4)                        2.237(6) Cu-N(5)                        2.061(6) Cu-N(6)                        2.014(6) 

Br(1)-I(1)                     2.6910(13) Br(2)-I(1)                     2.7866(16) Br(2)-I(2)                     3.387(3) 

Br(3)-I(3)                     2.7166(8) Br(4)-I(3)                     2.6826(9) I(2)-I(2)#1                                         2.6692(13) 

N(1)-Cu-N(2)                  75.7(2) N(1)-Cu-N(3)                 100.2(2) N(1)-Cu-N(4)                 172.9(2) 

N(1)-Cu-N(5)                  90.2(2) N(1)-Cu-N(6)                  90.0(2) N(2)-Cu-N(3)                  92.2(2) 

N(2)-Cu-N(4)                  97.3(2) N(2)-Cu-N(5)                 165.7(2) N(2)-Cu-N(6)                  95.0(2) 

N(3)-Cu-N(4)                  78.7(2) N(3)-Cu-N(5)                  93.1(2) N(3)-Cu-N(6)                 168.7(2) 

N(4)-Cu-N(5)                  96.8(2) N(4)-Cu-N(6)                  91.8(2) N(5)-Cu-N(6)                  81.9(2) 

Br(1)-I(1)-Br(2)             176.10(7)             Br(2)-I(2)-I(2) #1                         172.18(4) Br(4)-I(3)-Br(3)             178.47(3) 

(#1): –x+1,–y+1,–z+1 

                                                                                                                                            

IV. Conclusion 
In this report we presented synthesis of one new complex and their important IR–bands.  Crystal 

structure determination was done for complex .The crystal structure reveals a new centrosymmetric  

iodobromide (I4Br4)
2–

0.5 ion.     
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