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Absorbance changes of solutions of iodine and lS-crown-S, 18-crown-6 and dibenzo-18-crown-6 
in chloroform were studied . Absorption maxima due to the triiodide anion were observed . The 
obtained rate constants and their temperature dependence indicate formation of molecular 
co mplexes (cyclic polyether . . . )2) and (cyclic polyether ... I( + 1) I( -). 

Iodine forms with many compounds charge transfer complexes whose properties 
have been thoroughly studied ' . Less attention, however, has been paid to molecular 
complexes of iodine with cyclic polyethers. Although complexes of iodine with 
12-crown-4, 15-crown-5 and 18-crown-6 in various solvents are described 2

•
3

, the 
corresponding equilibrium constants and thermodynamic parameters are known 
only for cyclohexane solutions. According to absorption spectra it was concluded 2

•
3 

that solutions of mixtures of iodine and cyclic polyethers contain, in additi9n to the 
molecular complex, also triiodide anion which is formed 3 according to Scheme (A). 

51 2 + 2 (!8-crown-6) -> 2 J~-l + 2 (Ii+) ... 18-crown-6) (A) 

The presence of the triiodide anion was proved also in formation of molecular 
complexes of iodine with other compounds4

. Neither of the cited studies describes 
the kinetics of complex formation. Upon mixing together chloroform solutions 
of iodine and J8-crown-6 we observed significant absorbance changes with time 
in the whole spectral region studied (16 000-40 OOOcm-J). In our present work 
we investigate absorbance changes of solutions of iodine and 15-crown-5, 18-crown-6 
and dibenzo-18-crown-6 in chloroform with the aim to obtain kinetic parameters 
of the reactions and contribute thus to the knowledge of interactions between the 
components. 

EXPERIMENT AL 

18-Crown-6 (1,4,7,10, 13, 16-hexaoxacyclooctadecane) was prepared according to ref. 5. IS-Crown-S 
(l ,4,7 ,10, 13-pentaoxacyclopentadecane) was synthesized from diethylene glycol and 1,8-dichloro-
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-3 ,6-dioxaoctane as described in ref6. Dibenzo-18-crown-6 (2,3, 11 ,12-dibenzo-I ,4,7,IO,13,16-
-hexaoxacyclooctadeca-2,ll-diene) was prepared at the Institute o f Polymers, Slovak Academy 
of Sciences, Bratislava , according to ref7. 

All the spectrophotometric measurement s were performed in a 3 cm cell on a Specord 
UV-VIS (Carl Zeiss, Jena) instrument. The temperature accuracy was ± O·I DC. The reaction 
components, the constant amount of iodine in chloroform (0'1 ml of a 4· 5 . to - 3 mol dm - 3 

solution) and chloroform, containing the dissolved cyclic polyether, were pi pet ted directly into 
the cell, the fin a l volume being 4·5 ml. Chloroform was dried over molecular sieves. 

RESULTS AND DISCUSSION 

The time dependences of absorption spectra of mixtures of iodine with IS-crown-6, 

IS-crown-S or dibenzo-IS-crown-6 in chloroform at constant tempera ture are 
depicted in Fig. 1. The absorption maxima at 33 9S0 cm - I and 27 360 cm- 1 belong 

to triiodide anion (cf. 3), absorption maxima at 20000 cm - I are due to solution 

of iodine in chloroform. ]n the case of dibenzo-JS-crown-6 the absorption maximum 

at 33 9S0 cm - I is overlaped by a maximum of the cyclic polyether in chloroform. 

The absorption spectra of so lutions containing IS-crown-S or IS-crown-6 are practica l
ly identical. 

We measured changes of absorbance of systems iodine - IS-crown-S, iodine -
lS-crown-6, and iodine - dibenzo-lS-crown-6 in chloroform at various tempera

tures and concentrations of the cyclic polyethers. The absorbance changes at 27 360 

cm -1 were in accord with a first -order kinetics. The rate constants were calculated 

by the Guggenheim method using the relatiomhip -In f1A = k . I + const., where 

f1A is the difference between absorbances a t the time t and 1' ; the difference I - t' 

was invariably greater than two half-lives of the reaction. The rate con stants are given 

in Table l. 

The plot of the rate constant logarithm aga inst the reciprocal tempera ture was 

linear in all the studied cases, the temperature coefficients dIn k/d(I /T) being negative 
and amounting to -3S·1kJmol- l

, -41'OkJmol- 1 and -39·7kJmol - 1 for the 

respective reactions with lS-crown-S, lS-crown-6 and dibenzo-18-crown-6. Molar 
absorption coefficient for the triiodide anion in chloroform at 27360 cm - 1 was 

found to be {/ = 2-4.104 dm 3 mol-I cm- I and for iodine in chloroform at 19 SSO 
em - I (/ = 7.8.102 cm 3 mol - I cm - 1 (cI.3); form the dIfference between absorbances 

at the mentioned wavenumbers it follows tha t in the presence of all the studied 

cyclic polyethers 0 'S3-0'SS mol of I~-) was formed . The uncertainty in the estima

tion of moles of the formed I ~-) is caused by the great difference between the molar 

absorption coefficients of l~- ) and 12 in chloroform (Fig. 1). The formation of the 

triiodide anion can be explained by formation of a molecular complex (cyclic poly
ether ... 1(+») I~- ). The existence of molecular complex of this type has been as

sumed 2 on the basis of conductivity measurements of iodine solution in dichloro

ethane. 
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The found negative temperature coefficient indicates a mechanism according 
to which iodine with the cyclic polyether in chloroform gives primarily a molecular 
complex which is further decomposed as described by Scheme (B). 

TABLE J 

Rate constants of reaction of iodine (10 - 4 mol dm - 3 ) with cyclic polyethers in chloroform 

Polyether 

15-Crown-5 
.I5-Crown-S 
15-Crown-5 
15-Ct'own-S 
IS-CJ'own-S 
IS-CJ'own-S 
IS- Crown-S 

IS-CJ'own-S 
18-Crown-6 
18' Crown-6 
18-Crown-6 
J8-Crown-6 

Dibenzo-18-crown-6 
Dibenzo-18-crown-6 
Dibenzo-18-crown-6 

10~ cl mol dm - 3 T I K 103kls - 1 

0·83 
0·83 
0·83 
1· 90 
5·02 
7· 14 
7· 14 

7·14 
0·83 
7·14 
7·14 
7'14 
0·83 
0 83 
083 

289·15 1-42 
298· 15 0 '88 
305'15 0 '64 
298·15 1·25 
298 ' 15 1·59 
289·15 4·73 
298·15 3'17 

313'15 1·22 
298'.15 1·04 
298' 15 3'57 
305 ' 15 2 '53 
313-15 1' 56 
289·15 0·57 
298·15 0 '38 
313'15 0·16 

FIG. 1 

Absorption spectrum of iodine in chloroform 
(I . 10- 4 mol dm - 3); concentration of cyclic 
polyethers: IS-crown-S, 1'9 . 10- 2 mol dm - 3 

298·1 K: 1 2·5 min after mixing the solutions, 
2 69 min, 3 147 min; dibenzo-18-crown-6, 
8'3 .10- 3 mol dm - 3 , 289·1 K : 4 1 min, 5 
93 min. Cell thickness 3·00 cm 
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polyether + 12 "" (polyether ... 12) 

" , - l (polyether . .. I(+)) l~- ) 

(polyether ... I(+») I( - ) "" 

(polyether . .. 1( +») + I~- ) 
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(B) 

The experimental rate constant is obviously a product of the actual rate constant 
and the equilil;riul1l constants of the mentioned equilibria . With increasing tempera
ture the equilibrium concentration of one or the other molecular complex, or both, 
decreases. The observed relatively large negative value of d In k/d(l/T) shows that 
changes of the equilibrium constant with temperature are connected with decom
position of an unstable complex. Of complexes, shown in Scheme B, the most likely 
one is the complex (polyether ... 12 ) in which iodine is bonded to the polyether 
by a weak van der Waals bond. As the rate-determining step we can consider either 
the slow decomposition of the molecular complex (polyether ... ]2) or the slow 
dissociation of the complex (polyether . . . 1( +») I~-). 
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