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The complexing of thallous ions (T1+), with the crown ether dibenzo 18 crown-6 polyether (DB) has been studied by NMR,fluorescence,and pulse radiolysis techniques. NMR
data show a strong interaction of the T1+ ions with the aromatic moieties. This is also
illustrated by a static quenching of the aromatic fluorescence by Tl+. The rates of
reactions of T1+ with hydrated electrons eaq~ and pyrene excited singlet states are decreases
on complexing the ion by the crown ether.
Introduction
Recently Pedersen and Frensdorf [1] have outlined the salient features of the binding of various
metal ions with synthetic microcyclic compounds.
In particular, they have described in some detail the
structures and features of polyether complexes of
various alkaline metal ions and other metal ions [1].
The importance of the binding of these metal ions
such as sodium and potassium b y crown ethers is
illustrated by the increased solubility of these ions
in non-aqueous solvents such as cyclohexane and
acetone, and also by the increased permeability of
membrane systems to these ions in the presence of
crown ethers. These metal ion crown ether complexes are normally considered to be formed by an
electrostatic attraction between the cation and the
dipolar end of the -C-O-dipoles. The relative
stability of the complexes depends > on several
features, some of the more obvious being the relative
ease with which the cation fits into the polyether
ring, and the charge density of the cation in solution
[2]. The equilibrium constants or stability constants
of these complexes have recently been reported for
several different metal ions with ethers of varying
structure in several solvents [3]. The present work
reports studies of complexes of thallous ion with
dibenzo-18-crown-6. Several techniques were used
in order to investigate these complexes. Both steady
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state and pulsed methods were used to study the
fluorescence and the reactions of these compounds
with the excited state of pyrene. Fluorescence,
NMR, and pulse radiolyses techniques were used to
investigate the degree of ion-ether bindung, the
structures of the complexes formed, and the
reactions of the solvated electron eaq~ with the
complexes.
Experimental
The crown ether, dibenzo-18-crown 6-polyether
was purchased from Aldrich with a purity of 9 8 % .
This was repeatedly recrystallized from benzene
until white fibrous needles were obtained with a
melting point of 162.5 to 163.5 °C. The absorption
spectra of this product showed 2 maxima at 274.0
nm with extinction coefficients of 55,000 cm 2 /mole,
and at 223.0 nm with an extinction coefficient of
17,500 cm 2 /mole. Both of these extinction coefficients are reported in methanol solution. The pure
recrystallized polyether was kept under a nitrogen
atmosphere to avoid oxidation and the consequent
development of impurities. Thallous Perchlorate
was purchased from K + K , Co., and was used without further purification. Methanol, Baker reagent
analytical grade, was dried with calcium sulfate and
then distilled from a solution of diphenyl picryl
hydrazine and sulfuric acid. This procedure eliminated the carbonyl group containing impurities in
the solvent. Acetone was obtained from Fisher
Scientific Co., as A-grade, and was dried with calcium sulfate and then distilled. Acetone D 6 was
obtained from Merck, Sharp and Dohme and the
deuterium content of these compounds was 99.5%.
Anthracene and pyrene were obtained from Eastman Kodak, and were used after additional purification, which involved recrystallization from alcohol
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Solution. Normal laboratory distilled water from a
Barnstead still was further purified by distillation
from potassium permanganate solution. The solutions were freed from oxygen by flushing with
nitrogen. In the pulse radiolysis experiments solutions were irradiated with 5 to 10 nsec electron
pulses from the Notre Dame Linac of Van de Graaff
accelerator. Fast fluorescence and absorption spectroscopy was used to observe the transients produced in these pulse radiolysis experiments.
A Korad K 1 Q R u b y Laser was used for the
photochemical experiments. The laser was Q
switched to produce a 20 nsec light pulse with a
wavelength of 6943 Ä. A portion of this light was
converted with a suitable doubling crystal into light
of wavelength of 347.1 nm. The output of a typical
U V pulse was 200 mj with a duration of 15 nsec.
The fast electronic equipment used to observe the
transitory species produced in these photochemical
experiments have been described previously [4],
Simple fluorescence spectra were recorded on an
amino spectrofluorometer. N M R spectra were taken
with a Varian X L 100 spectrometer at 100 MHz.
Each sample was scanned several hundred times
and the data handled b y a Fourier transform
technique. This technique reduces the noise signal
ratio. In the N M R experiments a 3 0 % solution of
TMS in CDCI3 was used as an external standard to
determine the chemical shifts. Standard absorption
spectra were taken with the Cary 14 spectrophotometer.
Experimental Data and Discussion
Equilibria
The fluorescence spectrum of the crown ether,
dibenzo-18-crown-6-polyether (DB) in deaerated
methanol is shown in Fig. 1. The excitation
wavelength used was 260 nm. The addition of
thallous nitrate to this solution progressively
decreases the intensity of the D B
fluorescence
spectrum. However, the shape of the spectrum is
unaltered by T1+ ions. The lifetime of the DB
fluorescence measured by a single photon technique
was measured as 2.6 nsec in methanol at 28 °C.
Thallous ions do not decrease this lifetime in our
experiments even though the intensity of the
fluorescence is drastically reduced. Thallous ions
quench excited states of aromatic solutes with rate
constants of about 1010 M s - 1 . At the highest
concentration of T1+ ions used, 9.3 X 10~4 M, the
lifetime of such a quenching reaction would be
greater than 10~7 s. Hence, little effect on the
lifetime of D B (r = 2.6 ns) is expected.
It is suggested that the decreased yield of
fluorescence is due to a static quenching of DB
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Fig. 1. Fluorescence curves obtained from solutions of
2.7 X 10-4 M dibenzo 18-crown 6 polyether in methanol.
A - no additive,
B - added 2.7 x 10~4 M TINO3,
C - added 6 X lO"4 M TINO3
D - added 9.3 x 10~4 M TINO3,
excitation wavelength: 260 nm.
excited states by T1+ ions that are bound to the D B
molecule prior to excitation process:
D B + T1+ ^ DBT1+

(I)

The D B molecules fluoresce after excitation while
the complex DBT1+ is rapidly quenched. The yield
of fluorescence enables us to measure an equilibrium
constant for process (1), as the yield of fluorescence
F is proportional to D B uncomplexed, while ( F o - F )
is proportional to (DBT1+). The yield of fluorescence
in the absence of T1+ is Fo.
So
[DB] [T1+]
[DBT1+]

=

[Fo-F]
[F] [T1+]

(

'

where [T1+] is the concentration of free thallous
ions. Table I lists several different experimental
conditions outlined in the above experiments,
together with K values calculated according to (2).
The constancy of the value for K as (4.3 ± 0.2) x
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Table I. K in methanol.
[Et]
mol/lit

X
x
x
x
8 X
8 X
3.2 x
3.2 x
3.2 x

2.1
2.7
2.7
2.7

[T1+]
mol/lit

F0
intensity

IO-4
10-4
10-4
10-4

9.3
6.1
2.7

x 10-4
X 10-4
x 10-4

75

10-5
10-5

2.8

X IO-4

IO"5
10-5
10-5

1.12 x IO"4
3.7 X IO"5

53
66

F
intensity

K

19
27
44

4.2 X 103
4.2 X IO3
4.3 X i()3

28

4.6 X 103

44
57

4.7 x 103
4.6 X 103

-X

ik-

10 3 M _ 1 is evidence to support the concepts outlined
above. Similar data are shown using acetonitrile as
a solvent where K = 1.3 ± 104 M - 1 . These values are
comparable to the binding constant of T1+ to
dibenzo-30-crown-10 in methanol, derived from T1+
fluorescence analysis [5]. It was not possible to carry
out these experiments in acetone, as the solvent
absorbs strongly in the region of excitation for D B .

NMR

data

The interaction of T1+ ions with D B in acetone
solution was investigated b y a X H N M R technique.
Spectra obtained in the absence and presence of Tl +
ions b y pulsed F T averaging technique are shown in
Fig. 2. The resonances resulting from residual
protons in the incompletely deuterated solvent are
indicated as arrows in the spectrum. Dibenzo-18crown-6 has 3 different types o f protons, i.e.:

0 ;H

<HA>

[Jr t3r°
(HC )

The resonance located at 1.244 ppm is identified
with HA while the peaks at 3.292 ppm (center of
sextet) and 6.15 p p m (center of doublet) originate
from the aromatic protons HB and He, respectively.
The effect of T1+ addition is shown in the lower part
of the figure. All three peaks are moved downfield
the induced changes of chemical shift being
—A 6 = 0.022, 0.106 and 0.126 p p m for H A , H B and
He, respectively. These numbers indicate more
pronounced changes in the chemical shifts of
aromatic hydrogen than aliphatic hydrogen. Apparently T1+ ions trapped in the polar cavity of the
crown ether interact strongly with the benzene
moieties of the crown ether. This result amplifies the

Ö (ppm) 6

5

4

3

2

1

Fig. 2. *H NMR spectra of 5 X 10" 3 M dibenzo 18crown 6 polyether in aceton-de, upper curve: no T1+
added, lower curve: added 8 X IO"3 M TICIO4.
earlier conclusion reached from the
fluorescence
studies. In order for the T1+ ions to effectively
quench the benzene fluorescence, the ions must be
located in the immediate vicinity of the aromatic
moyeties in the complex. Strong interaction of T1+
with the benzene rings is also indicated b y an increase in the HC-HB spin coupling leading to an
observed increase in the separation of the two triplet
components of the HB sextet and the components
of the He-doublet.
The binding constant for complexation of T1+ b y
D B was determined via a procedure analogous to
that described b y Prestegard and Chan [6]. Changes
in chemical shifts A 6 induced b y T1+ were measured
at various [ T l + ] / [ D B ] ratios ( = 0 ) and the binding
constant derived f r o m the equation

1
Kb [ D B ]

=

Ad
A dec

+

6 Ai5oo
AS

1 —

0
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where A öoo is the induced chemical shift observed
at high T1+/DB ratios where almost every D B
molecule has T1+ association. From this procedure
we obtain
K f f = [2 ± 0.8] x 10 3 M-i.

X
x
x
x
X
X
X
x
X

a

5
5
5
5
I
I
1
5
5

10-4
10-4
10-4
10-4
10-4
10-4
10-4
I0- 5
IO-5

0
1
0
2
0
1
6
0
5

X 10-4
x 10-4
x 10-4
x IO-5
x IO-5

Fo
intensity
66
94
58
70

k = k 0 + k, [Tl + ]f + k b [Tl+] b

F
inter
esting

K

55

1.4 X 104

49

1.7 x 104

31
40

1.6 X 104
1.6 X 104

46

1.6 X 104

Several aspects of the effect of the ether environment on the kinetics of the bound T1+ ions can be
measured b y pulsed techniques. The first observations were made in the T1+, D B , pyrene system in
methanol using pulsed laser kinetic spectroscopy.
The wavelength of the doubled ruby laser at
A = 3 4 7 . 1 nm only excites the pyrene, p, in these
systems to give the excited singlet state of pyrene p*
hv
P*

(3)

The excited state p* is monitored b y its characteristic
fluorescence. In the presence of T1+ the lifetime of p*
is shortened due to quenching
p* + T1+ -> quenching

(4)

The addition of D B to these solutions decreases the
quenching effect of T1+ and the lifetime of p*
increases. Typical data are shown in Table III. If
the p* lifetime is plotted against the inverse of the
Table III. Lifetimes of pyrenea in solutions of acetone
containing crown ether and thallous ions.
[DB] M

rp [ns]

2 x lO-3
4 x lO"3
8 x 103

313
172
204
222
237

TFB

[ns]

[T1+]
-

210
222
240

(5)

where the symbols are:

Kinetic data

P — •

D B concentration at constant [p] and [T1+] than an
extrapolated lifetime at 1 / [ D B ] = 0 or (DB) = oo is
obtained. This corresponds to the situation when
all T1+ is complexed b y D B and the lifetime is a
measure of the rate of quenching of p* b y the
complex (Tl+DB).
The observed rate constant for quenching k is

Table II. K in acetonitrile.
[Et
mol/lit.
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5
5
5
5

x lO- 4 M

X 10-4 M
x 10-4 M
x lO"4 m

a Least square computer fit of experimental fluorescence decay curves, error ± 5 % ; b calculated from
eq. (5).

kf quenching rate constant for the free Tl+k
kb quenching rate constant for the bound T1+,
[Tl + ]f concentration of free T1+,
[Tl + ]b concentration of bound Tl + .
The concentrations [Tl]f and [Tl] b can be calculated from the binding constant Kb = 2 x 10 3 M - 1
derived from the N M R investigations. The rate
constant kf is measured directly as 5.2 x 109 M _ 1 sec - 1
and kb is measured b y the previous extrapolation as
2 x 109 M-isec- 1 . With these numbers the total
quenching rate constant k can be determined. This
is subsequently used to calculate a lifetime r for p*
in any particular solution. The agreement of r calculated and r observed shown in Table I I I is good.
This indicates that the complexing of T1+ b y D B
decreases the efficiency of quenching reaction (4).
The effect is sufficiently small to be attributed to
steric effects.
Reactions of solvated electrons
The pulse radiolysis of methanol gives rise to
solvated electrons, eg - along with other species. The
short lived intermediates are observed b y fast
kinetic spectroscopy.
The pulse radiolysis of T1+ in deaerated methanol
gives rise to the spectrum shown in Fig. 3. T w o
peaks are observed at A = 300 nm and 380 nm. This
spectrum is not observed in the absence of T1+, but
the lower spectrum of es~ is noted. I f es~ is removed
by N2O, then the upper spectrum of Fig. 3 is again
absent. Observations at 600 nm, a spectral region
where only es~ absorbs, show that the rate of decay
of es~ is increased by the addition of Tl + . A rate
constant k = 3.7 ± 0.1 x 1010 M _ 1 sec - 1 is measured.
This compares with 3.2 x 1010 M _ 1 s _ 1 given for a
similar reaction in the literature. It is suggested
that Tl° is formed in this reaction:
T1+ + e 8 - -> Tl°

(5)

and that the upper spectrum in Fig. 2 is due to Tl°.
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Similar experiments show that the crown ether
DB also reacts with es~ with a k = 2.9 ± 0.1 X
1 0 9 M - 1 s e c - 1 . No spectral product is observed.
Similar data are obtained in solutions containing
both crown ether and Tl + . Analysis of the data
shows that et~ reacts with (Tl+DB) with a rate
constant of 6 ± 1 X 109 M^sec- 1 .
Table IV shows three different experimental
conditions where e s - reacts to varying degrees with
DB, T1+ and (Tl+DB). The intensity of the Tl°
spectrum in solution. (1) and (2) were very similar
(within 7 % ) although the fraction of e s _ reacting
with Tl+DB was twice as great in solution (2). The
intensity of the Tl° spectrum in solution (3) was 2 0 %
larger than in (1) and (2) as the fraction of e s reacting with free D B was smaller in the former
solution.
This data indicates that the reaction of es~ with
(DBT1+) leads to the formation of Tl°, although the
rate of the reaction of e s _ with T1+ is quite restricted
upon complexing with D B .
Conclusion

Fig. 3. Transitory spectra obtained from the pulse
radiolysis of methanolic solutions, two hundred ns
after the radiation pulse.
O pure methanol, O added 1.2 x 10~3 M T1C104,
upper curve difference spectrum.

No.
1
2
3

[DB] M
7.14 x lO-4
19.8 X lO-4
4.1 x lO"4

The present kinetic data illustrate that pulsed
laser and pulse radiolysis methods can describe
several interesting kinetic aspects of the binding
ions by crown ethers. The extension of this work to
more complex biological systems such as crown
ether-membrane interaction is now in progress.
We would like to thank Prof. J. P. Freeman for
suggesting this system to us, and for many helpful
discussions in the process of the work.

[T1+] free M

[Tl+DB] M

Fraction of es-reacting with
(DB)
(T1+)
(T1+ + DB)

0.86 X IO-4
0.86 X lO'4
1.40 x lO-4

1.56 X IO"4
7.7 x 10~4
2.6 x lO-4

.305
.361
.139
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