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Molecular Complexes of Crown Ethers. Part 3.
Effect of Cations on Charge Transfer Complexes
with TCNE
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Abstract. The intermolecular charge transfer complexes (CT) of two crown ethers (CE), viz, B15C5
and DB18C6 (as donors), and tetracyanoethylene (TCNE), as acceptor, were studied in the UV-visible
region in dichloroethane (DCE), at 298.2 K. The sequence of addition of the cation was varied in the
case of B15C5 such that in one system the sequence was (CE + Cation) + TCNE and in the other
(CE + TCNE) + cation. These two systems were found to be non-interchangeable, even under reflux
conditions, giving different K. values which were explained as being due to the different geometries
of the CE. For the first sequence, the values most affected depended on the fit of the metal cation with
the ether cavity, thus in B15C3, Na™ showed the greatest effect, while for DB18C6 it was K.

Key words: Crown ethers, tetracyanoethylene, UV-visible spectroscopy, formation constant, effect
of cations on formation constant.

1. Introduction

Complexes between crown ethers (CE) and different acceptors are receiving
increasing attention [1-5]). CEs are considered to be a selective extractant for
many cations [6—8]. It was found that during their complexation with alkali metal
cations, CEs undergo geometrical changes which might affect the formation of
these complexes. Little is known about the effect of the presence of metal ions on
the complexes between crown ethers and 7 acceptors. In a previous paper [5] it was
found that TCNE interacts with benzo-substituted CEs, and not with unsubstituted
CEs, which suggests that the interaction between B15C5 and DB18C6 and TCNE is
due to the participation of the ®—OCH2CH2 moiety. This paper is concerned with
the effect of cation addition on the formation constant between CE and TCNE.

* Author for correspondence.
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Fig. 1. Absorption spectra of 1,2-dichloroethane solution of: ....... (B15C5 + TCNE);, —
(B15C5 + TCNE) + Na; —— (B15C5 + Na) + TCNE.

2. Experimental

All UV-visible spectral measurements were carried out at 25 £ 1 °C in a Shimadzu
spectrophotometer (UV-160) using 1 cm fused silica cells. Donor concentrations
were kept within the range 1.2 x 10~1-x 1072 M, while the acceptor concentration
was kept constant at 1 x 103 M. Dichloroethane (BDH) was of spectroscopic grade
and was dried over molecular sieve. B15C5 and DB18C6 were pure grade (Fluka).
Tetracyanoethylene, TCNE (Aldrich), was recrystallized twice from chlorobenzene
and then sublimed.

Calculation of the formation constant K. and molar absorptivity ¢, were per-
formed using the Benesi—Hilderbrand equation [9]

[Ao)/A =1/(Kcec) x 1/[Do] + 1/ec (D

where A is the absorbance due to complex formation, [Ap] and [ Dp] are the initial
concentration of the acceptor and the donor, respectively. From this equation K
and &, were calculated, the results indicating that the stoichiometry of the complex
was 1: 1. The effect of added salts was studied in two ways. In the first, a known
concentration of the crown ether was prepared and the salt was added to the solution
and after equilibrium was achieved TCNE was added (system A) and the spectrum
of the solution was run. In the second method the CE and TCNE were mixed and
the spectrum of the mixture was recorded after the addition of the salt (system B).
Representative spectra are shown in Figure 1.
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TABLE 1. Maximum absorption wavelength Ap,c (nm), molar extinction coef-
ficient £ (1 mol™! em™}) and formation constant K (dm® mol™") for B15CS

complexes.
Compound Amax K" £ eK,
B15C5 + TCNE 580 2340.07 116 10 272 £25
B15C5+Na+TCNE 587 35315 50+5 1783 + 18
BI5C5+K+TCNE 582 204+1.1 103+ 10 2104 £ 20
BISC5+TCNE+Na 595 56305 306 £30 1698 £ 17

B15C5+TCNE+K 580 13.61+1.3(3.66)" 6946 942 + 30

*Ref. 2.
**Correlation is 0.998 and 0.996, errors in K, range from 0.18 to 0.24.

TABLE II. Maximum absorption wavelength (Amax ), molar extinction coefficient £ (1 mol ™!
cm™") and formation constant (dm® mol™") for DB18C6 complexes.

Compound X K™ e ek,
DB18C6 + TCNE 586 3.86+0.15(3.97)"(3.39+ 250+ 15 965+ 30
DB18C6 + Na+TCNE 582 6.3 +0.18 263 £70 1656 + 40

DBI18C6 +K+TCNE 577 9.2 +0.6(1.84)"(6.41)+ 302 +25 2058+ 60

*Ref. 2 and Ref 3.
**Correlation is 0.999 and 0.998, error in K, range from 0.15 to 0.25.

3. Results and Discussion

The calculated K for the BISC5-TCNE and DB18C6-TCNE complexes in the
presence and absence of the cation are given in Tables I and II. Two mechanisms
for complex formation can be suggested:

Mechanism A
CE + M*™ = CE-M*
CE-M' + A = (CEM)T—A
Mechanism B
CE+A=CEA
CE-A + Mt = (CE-A—MT
If the final complex is the same for the two systems then they must give very similar

values for K and ¢. To examine this, two solution systems were prepared, the first
solution was {(CE + M™) + TCNE} and the second was {(CE + TCNE) + M+}.



178 SALMAN R. SALMAN ET AL.

The two solutions were left for one day and then they were refluxed and their UV
spectra measured.

No change was observed for the spectrum of each solution relative to the
original solution before reflux, indicating that the two systems are independent
and the resulting complexes are not interchangeable. Table I shows that when
sodium salt was added to the {B15C5-TCNE} complex to produce system B, viz.,
{(B15C5-TCNE)Na™ }, there followed a marked shift in the charge transfer band
from 580 nm to 595 nm together with a sharp increase in the (¢. K ) value from 272
to 1698 giving for K a value more than twice that for the complex in the absence
of the cation, as well as a marked increase in the absorptivity value.

Interestingly, for the system {(B15C5 + Na®t) + TCNE}, while having a slightly
greater value for (e.K.) (1783 compared with 1698), the shift in Amax of the CT
band was half as much as that for system B. However, K, showed a much greater
change in this system, about 35 as compared to 5.6 for system B, while the value for
¢ showed an opposite trend, changing from 306 in system B to only 56 in system
A.

Tables I and II show that K behaves in accordance with the specificity of the
ether toward the alkali metal cation, giving the highest K. value with sodium ion
in the case of B15C5, and with potassium ion in the case of DB18C6. For Ayx,
the observed shifts of the CT bands in the presence of the cations, as compared
with those in their absence, are in opposite directions for the two CT complexes.
However the shift, whether red or blue, again follows the ether specificity toward
the cations. Thus A\ for Kt in DB18C6 was the greatest with a blue shift of 9 nm,
while Nat in B15C35 had the greatest red shift of 7 nm. It seems that the effect of
the metal cation on the donicity of the ether towards the acceptor TCNE is different
in B15CS and in DB18C6. Thus the latter, with a marked red shift, indicates that
(B15C5 + M™) is a softer donor than free B15CS5, while for DB18C6 where the
opposite effect is observed indicating that (DB18C6 + M) is harder than the free
ether. This may be due to the effect of the metal cation on the electron density of
the symmetrically substituted donor ether, DB18C6, which is greater and different
than the less symmetric B15C5. With the latter the asymmetry of (B15C5 + M™)
may cause back donation from the acceptor TCNE to the metal—ether complex thus
enhancing its softness. Although TCNE has high electron affinity, it is difficult to
back donate electrons, but this may be possible in the presence of the cation. This
may explain our results. As for DB18C6, this CE is selective for potassium ion,
which fits into the cavity of the crown, forming a stable complex, with the metal
bound very tightly to the unshared pair of the electrons on the oxygen atoms [10,
14]. Tt is known that DB18C6 has the most rigid structure [15, 16], therefore TCNE
can approach it and interact with it in a planar conformation. The ion interacts with
this complex and will stabilise it thus the K; value increases.

The K. value for B15C5 complexes increased sharply when the crown ether is
mixed first with the salt and then TCNE is added. It is believed that sodium causes
B15C5 to flatten [10], thus increasing the interaction with TCNE. The cavity radius
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of B15C5 is 85-110 pm [11], that of sodium is 102 pm [12] and that of potassium
is 138 pm [12]. The cavity diameter of B15C5 increases from 120 to 172 and 184
pm upon the addition of NaT and K™, respectively [13]. It seems that sodium fits
nicely into the B15C5 cavity and that explains why we obtained large values of
K. when NaCl was added, followed by TCNE. Although there is evidence for the
formation of a 2: 1 adduct between B15C5 and Na*t [18-20], one is reluctant to
suggest that in the case of (B15C5 + Na™) + TCNE a 1: 1 complex is formed and
this may explain the large value obtained for K. (about 35). The B15CS5 cavity, on
the other hand, is small compared to a K ion thus a 2: 1 adduct may be formed
[17], thus reducing the extent of interaction with TCNE. The above assumption
for the two systems may be supported by the difference in K. obtained for the two
systems while, if we assume that the complex between B15C5 and sodiumis 2 : 1,
then one would expect nearly similar values for K for the sodium and potassium
systems, which is not the case.
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