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SUMMARY 

Polyiodide crown ether complexes of the general formula 

[ M(crown ether)] I,, [ M = ~ i + ,  ~ a +  , K+ , CS' , *+ , g  H ++ , ~ b + +  , 

~ d + +  and ~ 3 0 +  , and n = 2,3, 5 and 71 were prepared. The crown ethers 

used were 18 crown 6 (18C6), dibenzo 18 crown 6 (DB 18C6) and dibenzo 

24 crown 8 (DB24C8). The interhalogen complex Cs (18C6) ICl, was also 

synthesized. The structures of the compounds prepared have been elucidated 

by their Raman and Far-Infrared spectra. 

P~lyhalide anions are usually formed by the addition of halogens or 

interhalide compounds to a halide ion (I). Polyhalide complexes of the type 

MIn where n = 3,5,7 or 9 and M is a large alkali metal ion ", substituted 

ammo-nium '3' , phosphonium (4), arsonium (5), or organic cations such as N- 

alkyl urotropinium (' , N-alkyl acridinium (7), or a complex iodide transition 

metal ion, such as ion Cu (NH3)4 13.13 ('), are of interest because of their 

semi- and photo- conductive properties (9). 

A W h e r  extension of the field was the formation of polyiodides of 

crown ethers with encapsulated metal ions. Crown ethers have been re- 
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to chelate easily with metal salts and the interaction of the metal 

ion with crown ethers was shown to decrease their polarizing effect through 

interaction with oxygen donor fiuzctional groups of the crown, thus provid- 

ing symmetrical encapsulates with larger diameters. Recently, we reported 

the isolation of polyiodide complexes of small metal ions such as ~ i +  and 

~ a +  with 12 crown 4 in crystalline solid state (I2). In continuation of this 

work, we investigated the synthesis of polyiodide complexes of the main 

group elements, namely Y Cs, Tl, Pb and Hg with the crown ethers 18C6, 

DB18C6 and DB24C8. The Raman and Far-IR spectral characteristics of the 

complexes prepared are outlined. The crystal structures of some of such 

complexes are also determined (I3). 

EXPERIMENTAL 

Chemicals used were of AR grade. The crowns were obt~med from Merk- 

Schuchardt, Germany. 

Apparatus 

R a m  spectra of all cormpounds were scanned with a Laser h = 5 14.5 

using a spectrophotorneter Model 2016 supplied by Jobin-Yvon Division h- 

strwnents.Far-Mared spectra (300-50 cm-1) were obtained for solid pellets 

of samples in compressed polyethylene being recorded with Nicolet 2F vac- 

uum spectrophotometer. 



Synthesis of the metal-crown ether polyiodides 

The complexes were prepared by mixing the metal iodide and iodine 

dissolved in the least amount of ethanol or methylene chloride in the molar 

ratio 1: 1, 1:2, 1:3 and 1: excess. Equimolar amount ofthe appropriate crown 

ether was then added to the mixture. The solution was left overnight at 0°C. , 

The crystalline complex precipitated was filtered off and thoroughly washed ' 

with ethanol. The analytical data, colour and melting points of the complexes 

prepared are given in Table I. 

Preparation of thallium complexes: To a suspension of 0.33 1 g ( lm rnol ) TI 

I in 20 ml ethanol 0.264 g ( lm  mol)18 crown 6 was added. By addition of ' 

0.254 g ( 1m rnol ) I2 dissolved in the least amount of methylene chloride, the 

colour of iodine disappeared and Tl I dissolved. The reaction mixture was 

left overnight at O."C. The black crystals of [ Tl(18 C6) 12] 17 were shdarly 

prepared by the addition of lg  (4m mol )I2. 

The white crystals of Hg (18C6)12 were isolated by adding an excess 

amount of saturated iodine ethanolic solution to a mixture of 0.454 g ( lm 

rnol )HgL and 0.2648 ( 1m rnol ) [ 18 crown 61 dissolved in the least amount 

of ethanol . the reaction mixture was left overnight at O°C. 

Preparation of the lead compounds: Addition of 0.792 g ( 3m msl ) of 118 

crown 6 ] to a suspension of fieshly prepared 0.461 g ( lm  rnol ) PbIz in 20 

ml methylene chloride - ethanol mixture lead to its dissolution. When the 

solution was left to evaporate at room temperature white crystals of Pb ( 18 

C6) I2 was produced. The Pb (18 C6) I. 13 complex was isolated by adding of 

0.254 g ( lm  mol) I, to the previous solution. The green Pb (18C6) L15 was 
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obtained by the addition of 0.762g (3m rnol ) 12, whereas the addition of l g  

I2 gave the black polyiodide compound. 

The black Pd (18 C6) I. I3 complex was precipitated immediately by 

mixing aqueous solutions of 0.326 g ( lm mo1 ) K2 Pd CL and 0.264 g ( 1m 

rnol ) [18 crown 6 ] followed by the addition of O.254g ( lm rnol ) Iz dis- 

solved in few drops of HI. The compound was soluble in methylene chloride. 

Attempts to synthesize polyiodides of crown ether encapsdated transition 

metal ions such as CU+ , CU*, CO* and ~ i *  using ethanol and methylene 

chloride as sohents were unwccessll. However, the reddish brown H30' 

(18 C6) I,, the green ~ ~ 0 + ( 1 8 ~ 6 ) .  Is and the black H3 0+( 18 C6) I7 were 

formed. 

The red brown H,O' ( 18 C6) 1, was precipitated immediately by mixing a 

solution of 0.264g ( lm rnol ) [I 8 crown 61 dissohred in 10 ml of water and 

0.254 g ( lrn rnol ) 1, dissolved in the least amount of HI. The green ~ 3 0 '  

(18C6) IS and the black H@+( 18C6) I7 coqounds were obtained by in- 

creasing the iodine concentration 0.508 g ( 2m mol ) and 0.762 g ( 3m rnol ) 

12.. 

The yellow Cs (18C6) I C12 compound was obtained by mixing 0.264 g 

( lm mol) [ 18 crown 61 and a saturated ethanolic solution of 0.168 g ( Im 

rnol ) Cs Cl. The addition of about 0.16 g (1m mol) IC1 gave immediately a 

yellow precipitate, which dissolved by the addition of few drops of methylene 

chloride. After 15 minutes yellow crystals were obtained. The experiment 

was can-ied out in a dry atmosphere of nitrogen. 



RESULTS AND DISCUSSION 

Polyiodides are known to exhibit various degrees of catenation and a 

wide variety of geometric arrangements. These generally depend on interac- 

tion with neighboring ions as well as the size and type of associated cation. 

The presence of a large cation would stabilize association of polyiodides in 

the form of Iz and the situation in which more than one Iz can be coordinated 

to r is limited to large cations. The interatomic distances in polyiodides 

ranging fiom 2.66 (bond length of 12 ) to 4.3 0 A ( Van der Wads distance). 

Depending on the interatomic distance polyiodides may be considered as 1.- 

1112 for example [Cd (NH3)4 161 (I4), 13. n I2 [(Pyridinium- ~entaiodide,('~' 

(Phenacetin)~ H I5 (16) ],IS. n I2 , (C2 H5)4. NI7 , (CH3) 4 Nb 'I"), or 

authentic Ij-  [I], 15-(16) or 17-(17) ions. From the spectroscopic point of view 

polyhalide species containing 12 components would show bands at 170 - 180 

cm- 1 , in good agreement with the Raman bands in solid 12 180 and 190 cm- 

1 , as well as bands characteristic of the other units incorporated in com- 

pounds under study. 

The Far-ir and Raman bands of the triiodide compounds studied are 

listeds in Table TI. The strong asymmetric stretching band which is observed 

in the ir spectra, being absent in the Raman spectra, together with the exis- 

tence of very weak shoulders due to the symmetric stretching vibrations in 

the ir spectra, would c o h  that the triiodide ion iu the studied complexes 

deviate slightly fiom D , h symmetry. 

Triiodide ions are either linear or slightly bent, with equal or unequal I- 

I bonds. Generally they deviate slightly fiom D& symmetry even with large 

cations such as (C6 H5 )4 AS' and CH3 (C6 H5)3 P'. Triiodide ions are shown 

113 
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to be totally symmetric when the central iodine atom reside on a crystallo- 

graphic center of symmetry such as in Cu O\TH3)4 13.13 or (C2 H5)4 NI3. The 

triiodid species were reported to show Raman shifts near 1 10 and 75 cm- l 

corresponding to the symmetric stretching vibration (vs) and deformation vi- 

bration (8); the asymmetric stretching vibration (vas) would be active only in 

the ir spectrum for linear undistorted r; and occur near 140 cm-1. 

1 (16) Authentic 15- species showed strong bands between 145- 160 an- . 

They might be of linear or bent structure depending on the cation. Most of 

the pentaiodides seem to acquire bent structures and are characterized by 

bands at 155, 145 cm-1 for the outer stretching vibrations and 112 and 76 

cm- for inner stretching vibrations. Linear 15- ions have been seldom re- 

ported for example the pentaiodide of trimesic acid is characterized by bands 

at about 160 cm-l for the outer stretches and 75 and 90 cm-1 for the inner 

stretches. 

The data observed in Table ID reveal, that all of the pentaiodide com- 

plexes studied are of the authentic V-shaped type except that of Li which 

might be I&. The spectrum of the latter shows a band at 169 cm-', which 

may be considered to be due to associated 12 molecule. It also exhibits the 

bands characteristic of the I; moiety. 

The reaction of TII and iodine could lead to the formation of a polyio- 

dide, for example T& (2) while in the presence of a suitable ligand might 

lead to the oxidation of thallium for example Cu(NH3) ( 711.1) (18). Addition 

of Iz to TlI, suspended in alcohol, in the presence of the crown ether 18C6 

gave two complexes, namely a red [Tl (18C6)12 ] T1T4 (1) and the black hep- 
- a 



taiodide [Tl (18C6)12 117 (2). The structures of both thallium compounds 

were confirmed by x-ray diffraction (13,19). The former compound seems to be 

composed of a complex anion [ %]-and a cation [TI (18C6)12 I+. Tl (m) 
lies in the center of the crown surrounded by 6 oxygen atoms.of the crown, -i 

two iodide atoms being coordinated to TI above and below the crown ring.,. ,, 

The anion [TlI4]- might be conceived as a slightly distorted tetrahedron 

(Fig. 2). Also the red complex exhibits three strong far-infkared bands at .* 

150.86 (F,), 139.6 1 (A) and 53.28 (6), "O' most likely are due to the tetrahi- 

dral arrangement in the anion. Only one Raman shift is observed due to the , 

symmetric TI-I stretching vibration at (123 cm-l) in the near19 centro sy& . 

metric cation. Compound ( 2 )  has been c~ystallographiscally characterized. It ' 

is composed of the cation [Tl ( 1  8C6) 12 ]+ and the anion I;. The heptaio- - 

dide ion (I;. I2 ) (Fig. 3) is composed of infinite chains of pentaiodide ions 

and iodine molecules. Its Raman and far-ir spectra are consistent with the x- 

ray structural parameters. They clearly showed the presence of both 1; atld 

I; moieties. The 12 unit had a bond length of 2.78A producing a Raman 

shifl at 172 cm-l. Bands assigned to the bent 13 unit have also been ob- 

served ( Table T6/ ). 

The reaction of HgI2 and I2 in presence of the crown ether 18C6 gave 

Hg (18C6)12 which isdentical with that previously reported (21). The x-ray 

analysis showed, that H ~ + +  ion fitted in the crown ring being coordinated by 

its oxygen atoms and two iodine atoms situated above and below the ring 

and revealed centrosymmetric character ( Fig. 4 ). The Raman and far-ir 

spectra show the following characteristic bands 
115 
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R 75w , 135 vs and 164.5 vw 

ir 52.08s , 67.54 m , 163.97s and 194.84 m 

The very strong Raman shift observed at 135 cm-1 may be due to the 

Hg-I symmetric stretching vibration. The very strong far-ir band at 163.97 is 

due to the Hg-I asymmetric stretching vibration. 

The Raman shifts and far-ir spectra of the lead complexes are listed in 

Table V. From the numerous Raman shifts observed in the spectrum of Pb 

(18C6) I2 it is concluded that it is of asymmetric nature. X-ray crystal struo 

ture analysis has shown, that Pb(18C6)I.13 (13) was built up of triiodide ion ( 

with d (1-1) = 289.4 (2) and 292.2 (2) pm and with an (1-1-1) angle of 178.09 

(4)" ) and a complex cation [ ~b(18~6)1]+ in which Pb lies in the center of 

the ring surrounded by the 6 oxygens of the non planar ring, which is similar 

to Pb Cl (18C6) (Sb Ck) '22', [ Pb(18C6) ((2% CN)3 (Sb Ck)z], p b  (18C6) 

(N03)2 ] f23) and Pb(1 SC6) (CCk COO), H00@C13 '24). The coordination 

sphere is completed by I-d (Pb-I) = 29O,l(2) pm fiom one side of the ring 

and by the iodide atoms of the I1  d (Pb-I) = 38 1.4 (2) pm (Fig. 5). The Ra- 

man and far-ir spectra ( Table 11 ) are consistent with the X-ray structural pa- 

rameters. A band at 85 cm1 due to the kb-I vibrations in the cation was ob- 

served. The bands observed in the spectrum of the green Pb (18C6) 1 . 1 5  

compound indicate the presence of the V shaped I; moiety. Only one weak 

Raman band was observed at 161.5 cm , which shifts to 

higher frequency by increasing the iodine concentration. The black com- 

pound Pb(l8C6)1.I7 exhibits in its spectrum a broad band at 170 - 150cm-' 
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and a strong band at 133 em-', which seem to be due to the association of 

iodine molecules to a triiodide moiety. 

The palladium complex Pd (18C6) I.13 dissohred in methlene chloride. 

The line at 163 (elm) which was observed in the mass spectrum of the com- 

pound, confirmed the presence of Pd in the compound. Raman and IR spec- 

tra showed, that is a triiodide, which is most probably similar to the lead 

compound Pb (1 8C6) 1.13. 

The Raman and .far-ir spectra of H,O' (1 8C6) Is compound exhibit 

bands it 163, 145 cm" ( outer stretches) 1 15 and 67 cm-' ( inner stretches ). 

Therefore, it could be concluded that the pentaiodide is ofthe authentic V 

shaped type. The Raman and far-Mared spectra of compound H30' (1 8C6) 

I7 exhibit the following bands R :168.5 v s ,  115 s and 78.9 s whereas its IR 

spectrumshowsbandsat 170vs  , 135 v s ,  110 sh7100mand 75m 

(cm-1). Also it exhibits an overtone at 200 cm-' due to 2vs vibrations of the 

1; moiety. It is clear from the strong Raman band at 168 cml  and the bands 

at 133 , 11 5 and 78.9 c d l  , that the compound is composed of I2 associated 

with the Iiuxit. 

The spectra of Cs (18C6)I C12 and Cs IC12 compound's are very similar 

'25) .A strong broad band of 225 cm-' ( due two the symmetric stretching vi- 

bration ) with two shoulders at 265 and 255 cm-' ( assigned to the asymmet- 

ric stretching vibration ) were observed in the ir spectra. A strong Raman 

shifi due to the symmetric stretching vibration was observed at 26 7 cm-I . 

The crystal structure of this compound will be reported soon. 
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Table 1 Analytical data, coiour and melting points for complexes. 

? Colour 

black 

green black 

brown .. 

IF=?" 

brown 

brow 

Complex 

Li (18C6) L 

Li (18C6) 1, 

Na (18C6) 11 

Na (I8C6) 15 

K (18C6) 13 

K (DB 18C6) 13 

Anal. Found ( nlc. ) ? M.p.OC 

45 

75 

80 

115 

178 

260 

J,% 

57.4 .( 58.35) 

69.5 ( 70.05 ) 

56.6 (56.99) 

68.4 (68.83) 

55.1 (55.89) 

48.7 (48.98 f 

C, o/. 

21.9 (22.12) 

16.4 ( 15.91 ) 

21.8 (21.58) 

15.9 (15.64) 

21.9 (21.07) 

31.1 (30.79) 

& %  - .  

3.5 (3.71) 

3.3 (2.67) 

3.7 (3.62) 

2.8 (2.62) 

3.6 (3.54) 

3.9 (3.10) 
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Table 2 Far-Infrared and Raman Vibrational Spectra of the Triiodides in cm-' 

Compound 

Li (18C6) 4 

Na (18C6)13 

Mode of 

Observation 

R 

ir 

R 

ir 

129.25 v s 1 115-95 wbr sh 1 78 v v sh 

135vsvbr  117s 78.5 s 

115.48 vwsh 77.16m 

101.58 vwsh 

132.5 w 116.5 m 78 s 

108 vs 

135 v s br 108 wsh 73.81 w 

tentative bands. 

227 mvbr 2vs 

167.8 lattice overtone 

56 lattice mode 

54.12 lattice mode 

248.85 

229.56 2vs 

61.52 lattice mode 

424.5 4vs 

322.15 3vs 

21.6 2vs 

241.13 w 

56 lattice mode 
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Table 4 Vibrational Spectra of the Heptaiodide of Thallium. 

I Raman Far-Infrared 

I 1 150.85 m sh 1 v (sym. stretch outer) (15-) I 

Assignment 
I I 

172 S 

I ( 76.5 m I v (asym. stretch inner) (I5-) I 

v (12) vibration 

119 m 

I 1 52.55 s I bending (15-). I 

Table 5 Vibrational spectra of the lead compounds. 

140.61 broad m sh 

123.46 m 

v (asym. stretch outer (15-) 

v (TI - I) T1 coordinated to the crown 

(sym stretch inner) (15-) 
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.Ille [ P Ph, Me ] Cu CL complex 
Figure ( l ) 

Cesium ( 18 Crown 6) Triiodlde 
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Figure ( 2 ) Tile Thallium Complex [ TI ( 18C6 )I2. TII, ] 
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Figure ( 3 ) The Ueptaiodide-of ' F ~ B ~ M  [ 3.7 ( 18C6 ) I2 ] 1, 
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Figure ( 4 ) Thc Rlercuric Complex [ Ug ( 18C6 ) I2 ] 
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Figure ( 5 ) The Lend Triiodide Complex [ Pb ( 18C6 ) 1.4 ] 


