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ABSTRACT. A spectrophotometric study concerning the interaction between HT18C6 as n-donor and I, as o-
acceptor has been performed in chloroform solution at different temperatures. The results are indicative of the
formation 1:1 complex through equilibrium reaction. The stability constant of the complex at 7, 13, 19 and 25 °C
is obtained by the computer-fitting of absorbance-mole ratio data in MATLAB software. The AH® and AS° values
are obtained by the Vant Hoff method. The obtained data show that the complex is enthalpy stabilized and
entropy destabilized. The entropy destabilitization is attributed to the decrease of the entropy of the free donor
upon complexation. Comparison of the data from this work with those of previous works done on 18C6-I, and
HA18C6-1, is indicative of different stability, stoichiometry and products. The possible reasons for such
differences are discussed.
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INTRODUCTION

The formation of molecular complexes between electron donors and electron acceptors has long
been recognized as an important phenomenon in many biological processes [1, 2]. Macrocyclic
polyethers, a class of compounds that first synthesized by Pedersen [3], have been shown to
bind cation much more strongly than monofunctional and liner polyfunctional ethers of similar
basicity [4, 5]. More recently, the potential of complexing ability of these macrocycles toward
neutral molecules has been investigated [6, 7]. Interest in such molecular complexes has been
strongly stimulated by possibility of their application in such broad areas as separation sciences,
catalysis of chemical reactions and conversion of chemical reactions into electronic or optical
signals [6, 7].

Moreover, the charge-transfer involvement in bimolecular interactions can be better
demonstrated by studying simple multi-site donors which would serves model compounds of
biomolecules [8]. The complexing properties of macrocyclic polythiaethers have been widely
studied and metal complexes with these ligands have also been isolated and characterized [9-
13]. The analytical applications of macrocyclic polythiaethers in areas such as solvent-solvent
extraction [14-15], solid phase extraction [16] and PVC-membrane selective electrodes have
also been reported in the literature [16-18].

However, to the best of our knowledge, there are only a limited number of published reports
dealing with the complexation of iodine with thiacrown ethers in solution [19-21]. In connection
with our previous studies made on the charge-transfer complexes of iodine with crown ethers
and their aza derivatives in various solvents [22-28], in this work, we report the results of
spectrophotometric study concerning the interaction of iodine with HT18C6 in chloroform
solution.
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EXPERIMENTAL

Reagent grade of HT18C6 (1,4,7,10,13,16-hexathiacyclooctadecane) from Aldrich Company
(CAS Number 296-41-3) was used as received. Reagent grade iodine and chloroform were of
the highest purity available and used without any further purification.
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HTI18Ce

The UV-Vis spectra were recorded on a UV-Vis Cary spectrophotometer model 150 at
25.040.03 °C and the absorbance measurements were made with the same instrument at various
temperatures (+ 0.03 °C).

In order to obtain UV-Vis spectra of HT18C6 in the presence of varying concentrations of
iodine, 3 mL of 1.00 x 10° M solution of HT18C6 was transferred to a quartz cell and titrated
with a 0.27 M solution of iodine by a 10 uL. Hamiltonian syringe. Pure chloroform was used as
reference solution. Each spectrum was recorded after addition of 2 puL of concentrated iodine
solution and the addition was continued until the total added volume was 22 pL. Thus, the
spectra were due to solutions in which the iodine to HT18C6 mole ratios were 0.00, 0.18, 0.36,
0.54, 0.72, 0.90, 1.08, 1.26, 1.44, 1.62, 1.80 and 1.98, respectively. As the volume change
during whole titration was 22 uL, therefore, the volume correction of spectra was not necessary.
Same procedure was followed for the obtaining of absorbance vs. iodine to HT18C6 mole ratio
data. For obtaining the spectra of iodine in the presence of varying quantities of HT18C6,
several solutions containing constant concentration of iodine (1.00 x 10" M) and different
quantities of HT18C6 (0.00, 1.50 x 107, 3.40 x 107, 4.80 x 10”, 6.60 x 107, 8.50 x 107, 1.02 x
10*,1.20 x 10, 1.38 x 10, 1.54 x 10 and 1.78 x 10™ were prepared and the corresponding
spectra were recorded. Thus, the spectra were due to solutions in which the mole ratio of
HT18C6 to iodine solutions were 0.00, 0.15, 0.34, 0.48, 0.66, 0.85, 1.02, 1.20, 1.38, 1.54, and
1.78, respectively. In all cases, pure chloroform was employed as reference solution. For
employment of Job's method, two equimolar solutions of donor and acceptor (1.00 x 107 M)
were made and the needed solutions were prepared by mixing appropriate volumes of stock
solutions in 5 mL volumetric flasks.

RESULTS AND DISCUSSION

Absorption spectra of 1.00 x 10 M of HT18C6 in the presence of varying concentrations of I,
in chloroform solution are shown in Figure 1. As seen upon stepwise addition of iodine two new
bands appear at 510 and 310 nm. The 510 nm band is the well known band of iodine in
chloroform [22, 23]. On the other hand the 310 nm band is the charge-transfer absorption band
and can be attributed to the formation of charge-transfer complex between iodine as c-acceptor
and HT18C6 as n-donor [29]. The appearance of free iodine band at 510 nm (Figure 1) indicates
that the interaction of donor and acceptor is not complete and merely a small fraction of iodine
is consumed [30]. Figure 2 shows the absorption spectra of iodine in the presence of varying
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quantities of HT18C6. The appearance of an isosbestic point at 350 nm, indicate that the
interaction of iodine and HT18C6 follows through equilibrium pathway [30].

Absorbance

Wavelength (nm)

Figure 1. Absorption spectra of 1.00 x 10° M HT18C6 in the presence of varying concentrations
of I, in chloroform solution. The [I,]J/[HT18C6] mole ratios from bottom to top are
0.00, 0.18, 0.36, 0.54, 0.72, 0.90, 1.08, 1.26, 1.44, 1.62, 1.80 and 1.98, respectively.
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Figure 2. Absorption spectra of 3.50 x 10 M iodine in the presence of varying concentrations
of HT18C6 in chloroform solution. The [HT18C6]/[I,] mole ratios are 1; 0.00, 2; 0.15,
3;0.34, 4; 0.48, 5; 0.66, 6; 0.85, 7; 1.02, 8; 1.20, 9; 1.38, 10; 1.54 and 11; 1.78.

In order to determine stoichiometry of the reaction, the Job's [31] and mole ratio methods
[32] were followed. The corresponding plots are shown in Figures 3 and 4, respectively. The
appearance of a maximum at Xpacroeyere = 0.5 in Job's plot (Figure 3) fairly confirms 1:1
stoichiometry. However, because of weak interaction, an obvious break in mole ratio plot
(Figure 4) is not seen and upon stepwise addition of HT18C6 to iodine solution in the range of
0.0-2.1 only steady increase in absorbance is observed. Based on the spectral evidences (Figures
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1 and 2) and the results of Job's method (Figure 3) the following equation is suggested for the
interaction of HT18C6 and I,:

HT18C6+]l, S HTI18C6.1, ey
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Figure 3. Plot of absorption vs. mole fraction of HT18C6 in CHCl3 at 310 nm and 25 °C.
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Figure 4. Plot of absorption vs. [I,]/[HT18C6] at 310 nm and 25 °C.

The formation constant of the resulting complex was evaluated from the absorbance-mole
ratio data by using a non-linear least square curve-fitting program (curve-fitting toolbox in
MATLAB). The program is based on the iteration adjustment of calculated absorbances to the
observed values. The observed absorbance of complex is given by equation 2. The mass balance
equations can be written as 3 and 4 and the formation constant of the complex as 5. Substitution
of equations 3 and 4 into 5 and rearrangement yields equation 6.
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A= eb[DA] @)
Cp= [D] + [DA] 3)
Ca=[A] + [DA] “)
K:=[DA]/[D] [A] (5)
K [DA]* - (CxK;+ CpK; + 1) [DA] + KCpCa =0 (©6)

In the equations 1-6, A is absorbance of complex at 310 nm and [DA], [D] and [A] are the
molar concentrations of complex, HT18C6 and I,, respectively. With use of an approximation
value for K;, the free DA concentrations [DA] were calculated by solution of second order
equation. Then, with using the data of DA concentrations as X data and data of observed
absorbances as Y data, the least square fit technique is used for fitting the data. The output of
this fitting is the coefficients of line fit. The coefficient of X value is €. The obtained coefficient
was used for calculation data of calculated absorbances with using of parabolic fit. To find the
least squares error, the sum of squares of the differences between the parabolic fit and the
experimental data must be evaluated. Refinement of parameters (K; value) was continued until
the sum of squares of the residuals between calculated and observed values of the absorbance
for all experimental points was minimized [33, 34]. The computer fit of absorbance-mole ratio
data are shown in Figure 5. Fair agreement between the calculated and observed data further
confirms the 1:1 stoichiometry. The log K; and € values obtained by this method are 2.43+0.17
and 1564.8, respectively. The moderate value of log K indicated that the reaction of I, and
HT18C6 is not complete and is in accordance with the absorption spectra of HT18C6-I,
mixtures (Figure 1).
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Figure 5. Computer fitting of absorbance vs. mole ratio data at 310 nm and 25 °C; (x)
experimental and (0) calculated points.
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In order to have a better understanding of the thermodynamics of the complexation reaction
of iodine with macrocycle, it is useful to consider enthalpy and entropy contributions to these
reactions. The enthalpy and entropy in chloroform solution were determined by measuring the
formation constant as a function of temperature [35]. Formation constants, as well as € values at
various temperatures were obtained by computer fitting of the absorbance vs. mole ratio data.
The plot of absorbance vs. [I,]/[HT18C6] data at 7, 13, 19, and 25 °C is shown in Figure 6. Plot
of log K; vs. 1/T was linear (Figure 7). The enthalpy (AH®) and entropy (AS°) of complexation
was determined in the usual manner from the slope and intercept of plot and obtained -110.3
kJ/mol and -323.7 J/mol-K, respectively. The log K; and € values in different temperatures are
included in Table 1. The data in Table 1 indicate that the molecular complex between I, and
HT18C6 is enthalpy stabilized and entropy destabilized. Similar behavior was previously
observed for some macrocycle complexes with iodine [19, 21]. The enthalpy stabilization can be
attributed to the effective overlapping of molecular orbital of donor and acceptor partner in the
process of charge-transfer complexation. On the other hand the entropy destabilization can be
related to the difference between the entropy of the free and complexed HT18C6. In fact, the
cavity size of HT18C6 is about 2 A [36], which is considerably less than van der Waals
diameter of iodine [37]. Thus the probability of the insertion of iodine in the cavity of
macrocycle is completely discarded. On the other side, the effective overlapping of donor orbital
with the 6* antibonding molecular orbital of iodine involves the special orientation of sulfur
atoms toward iodine. This acts as a driving force for a special conformation of HT18C6 in the
complex. If the freedom of the recent conformation differs significantly from the unreacted one,
the complexations would be along with considerable entropy decreasing. If not, a little entropy
change would be observed. It seems that upon complexation the conformation freedom of donor
is highly lost which resulted in the observation of negative AS°.
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Figure 6. Plots of absorbance vs. [I,]/[HT18C6] at different temperatures and 310 nm.
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Figure 7. Vant Hoff plot for charge-transfer complex of I, and HT18C6 in chloroform solution.

It is interesting to note that the stoichiometries, stabilities and final adducts of 18C6-I, and
HA18C6-1, interactions differ significantly with those of HT18C6-1, [24, 38]. The information's
given in Table 2 clearly indicate that HA18C6 and 18C6 do have 1:2 (Crown:L,). Meanwhile
HT18C6 has a 1:1 stoichiometry. On the other hand, through the interaction of HA18C6-I, or
18C6-1,, I3 is formed, however, HT18C6 and I, do not produce such adduct. Also, the stability
of HT18C6-I, complex is more than 18C6-I, and less than HA18C6-1, complex. The highest
stability of HA18C6 can be attributed to the soft-soft interactions between nitrogen and iodine
[39]. On the other hand the higher donocity of sulfur than that of oxygen causes that HT18C6-1,
complex to be stronger than 18C6-I, one. Finally the formation of 18C6I'T; or HA18C6I'l; can
be assigned to the more suitable fitting of I" in the cavities of 18C6 and HA18C6. It seems that
the rigid structure of HT18C6 hinders the convenient fitting of I" inside the cavity of this donor.
Thus, through the interaction of HT18C6 and L, the triiodide ion will not form.

Table 1. Formation constants and € values of HT18C6-I, complex at different temperatures.

T.K Log K; €

280 | 3.36+0.18 843.0
286 | 3.08+0.14 | 9532
292 | 278+0.12 | 11492
298 | 243£0.17 | 1564.8

Table 2. The chemical equations and stability constants of HT18C6, HA18C6 and 18C6.

Crown ether Chemical equation Log K¢

"HT18C6 HT18C6 +I, S HTI18C6'I, 2.43£0.01
*18C6 18C6 +2I, 5 18C6I"Iy 0.12+0.01
‘HA18C6 HA18C6 +2I, S HAI8C6T"I; | 9.30+0.10

5]

: This work, b: ref. [34], c: ref. [38].
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