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Abstract

The steady-state fluorescence spectra of cation complexes of fluorophore macrocyclic ethers have been studied for the estimation of 1:1
association constants, and perchlorate salts of Na*, K™ Rb* and PB* complexing with dibenzo[23]crown-9, dibenzo[26]crown-10,
andsym-dibenzo[26]crown-10, were investigated. The fluorescence emission maximum of the free and the various ligand/cation mixtures of
complexed crown ethers were measured at room temperature in AN. The concentrations of chromophore crown ether were obtained from
nonlinear calibration plots. The 1:1 stoichiometry of association constépts\Were calculated using the equation, 4L o] = (1 — nP)*(1
— m)"/P with linear best fit of plots depending on 1{lwhereP = Pc/[1 + (m— 1)Pc] andPc is the mole fraction of/mratio of the complexed
ligand. The association constants of catidfg, displayed the cation selectivities depending on the cation radii and the macrocyclic ether
size, and Pb was found to give the strongest association with such crown ethers.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Benzocrown ethers may be less sensitive sensors than
the naphthalene derivatived0-12], and coumarins ac-
There is a very rapid development in clinical and environ- cordingly display more sensitive chemosensor r¢89].
mental analytical techniques for qualitative and quantitative However, the cation binding selectivity is the prime
estimation of ions that requires to provide real-time mon- importance of the analytical use of a chemosensor
itoring. The methods for specific analysis of small quanti- [10-12].
ties are in significant needs of chemical processes. Currently  In this work, dibenzo[3n+ 2]crown-ntype macrocycles
available methods are either limited to selective probes or[13-19] involved photo physical effects with fluorophore
large concentrations of analyte solutions. Macrocyclic ethers benzo groups upon cation complex formatida, 2a and
have been known to complex with the alkali cations selec- 3a were studied for the 1:1 ratio of £i Nat, K+, Rb",
tively [1-3]. The effective chromophores-linked crown ethers and Ph?2 association constants (as shownScheme 1)
have received much attention recently as the optical utility with spectrofluorometry, which is very sensitive technique
of fluorescence-based chemosensors. Lumophores of variousneasuring both emission and excitation intensities of fluo-
ion choices and selectivities are used in very low concentra- roionophores in concentrations of 78-10~7 mol L= [12].
tions [4-9]. However, conjugation ofr electrons of chro- Cation complexing induce the changes in triplet energy rel-
mophores enhances the sensitivity of the sensor behaviour. ative to excited singlet,sS— T1 and ground state{T— S
and the increased phosphorescence lifetime of luminescent
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n Table 2

%AOAS The 1:1 metal complexing data of [3n + 2]crowmmnacrocyclic ethers

o] o} No Cation InK logK —AG Correlation Intercept

(kIM™1)  coefficientR?
la Lt 8.01 3.48 20.09 0.991 +4.25
o) 0 la Nat 6.71 292 16.84 0.999 +1.29
4</o \>> il la Kt 715 311 1793  0.985 +1.65
m 3al2 2 la Rb+ 763 331 19.14 0.996 +10.14

la PB* 977 424 2449 0.997 -0.32
Scheme 1. Raj 2a Lit 713 3.09 17.87  0.997 —0.47
2a  Na' 548 2.38 13.74 0.999 —5.70
IS¢ 2a K* 6.23 270 15.62 0.999 —3.92
S, K f 2a Rb' 474  2.06 11.89 0.988 —1.00
; oT, 2a PRt 6.53 2.84 16.73 0.998 +0.56
uvvis| 1 @ 3 @ 3a Lit 7.62 331 19.11 0.999 -1.22
i 1SCs 3a  Nat 481 209 1207  0.999 —11.42
i 2 3a Kt 757 329 1898  0.998 +1.03
Sg Sy e (1) S, 3a Rb" 6.16 2.67 15.44 0.998 +0.46
3a PRt 6.45 2.80 16.18 0.998 -3.19

Fig. 1. Fluorescence and phosphorescence transitions.

phosphorescence lifetime is increased complexation en-SVe points were taken as unity instead of peak areas where

hanced fluorescence spectra, CEFS, is observed (Fig. 1)eXC|tat|on wavelength is 28.0 nm. _The mole fractié, of
[6-8]. the complexed macrocycle, is obtained from the fluorescence

emission intensities of free and uncomplexed ligand in acom-
plex solution, (Tables 1 and Ejgs. 2 and 3).
The association constank§sswere calculated according
to Egs. (1)-(10ps we reported recent[¢0,11]. The macro-
The fluorescence spectra were measured with a JASCO(:yiIIC ligand, r_nL, forms a complex, AlLm, V.V'th. a cation
Luminescence spectrometer, model 750, in dry ace- né wherePc is the mo!e fraction of the catlor_nc complgx,
tonitrile, AN, within a fluorophore concentration of A ’]er' However, experlmentally, we used qu|valentcat|on,
10-3-10-5mol L1 in 10mm quartz cells. Ligands and [Ao™] and macrocyclic ligand, [§] concentrations so that,

+ =
metal salts were dried under vacuum and used immedia’tely[Ao 1=[Lol-
with the identical cation—ligand concentrations arranged with A+ 4+ ;L < A*,L,, (1)
a micro syringe. The aliquots were inserted into the acetoni-

2. Experimental

+
trile containing stirred fluorescence cell (3.0mL) and stan- g, .— [A+Z—Lm] 2)
m
dard spectrometer software was used for the measurements. [AT]7[L]
The slit W|dth§ were 5nm dye tg optimised goncentratlons A*] = [AoT] = n[A* L] 3)
that gave minimum quenching in the experimental range.
The peak emission intensities at 303 nm relative to isoemis- [L] = [Lo] — m[A™, L] 4)
Table 1
1:1 Complexing data afa/Pb(CIQ), complex in AN at 303K
[Lo] (molL—1) Int(free) [L] (molL 1) Int(complex) Pecomplex [Lo)/1000 1*P)%/P
0.00005 80.0 Q000033 59.5 03335 30.0 13318
0.00008 103.5 0000044 75.0 Q3749 22.9 10422
0.00010 125.1 0000057 90.0 04326 17.6 Q7441
0.00013 142.2 0000065 98.0 04831 15.4 05530
0.00015 152.8 0000071 103.5 05037 14.0 04888
0.00018 167.7 0000081 111.0 05386 12.4 03951
0.00020 177.5 0000087 116.0 05657 115 03334
0.00023 184.1 0000093 120.0 05860 10.8 02924
0.00025 189.7 0000098 124.0 06003 10.2 02660
0.00028 194.9 0000103 127.0 06213 9.8 02307
0.00030 198.4 0000106 129.0 06361 9.5 02081
0.00033 204.6 0000111 133.0 06517 9.0 01861
0.00035 207.4 0000116 136.0 06741 8.6 01575
0.00038 209.7 0000119 138.0 06781 8.4 01528
0.00040 213.1 0000121 139.5 06964 8.2 01324

0.00043 215.9 0000124 141.0 Q07100 8.1 01184
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Fig. 2. Fluorescence intensities td and1a/Pb(ClQ), CEQFS of a com-
plex depending on the concentration in AlNgax = 303 nm at 303 K, exci-
tation Amax = 280 nm, (sedable 2).

[AT,L,]
Kass= 7 mn 5
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[A*] = (n — D)IAT, L]

However,P = P¢/[1 + (m — 1)P¢] is used for calculation of
association constantgss
P

n+m—1 __
Kesdlol "7 = (i ®
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Fig. 3. The plot of 1:1, (n:m), complex dfa/Pb(CIQ), according toEq.
(10), Table 1.
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Fig. 4. Fluorescence intensities 8 and 3a/LiCIO4.CEFS of a complex
depending on the concentration in ANyax = 303 nm at 303 K, excitation
Amax = 280 nm.

1 _ (1—nPy'(A—mP)"

(KasdLol"™ %) P ®)
1 _ (@Q@=nPd-mpP)

(Kasdlo) ~ P fn=m=1_ {10

Therefore, the inverse of [l versus calculated values of (1
— mPY/P give the 1/1 (n/m) of Kssfrom inverse of the slope
(Figs. 4 and 5])21-25].

3. Results and discussion

There are numerous techniques to study the cation com-
plexing of neutral ligandgl—3]. Spectrofluorometry is a very
sensitive and selective technique as an analytical tool that
measures both emission and excitation intensities of a fluores-
centmolecule whichis usually influenced by different cations
via the electronic interactiorjd—12]. Morita et al. have pre-
sented the fluorescence non-radiative and radiative deactiva-
tion rates of dibenzo[18]crown-6 alkali complexes at vari-
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Fig. 5. The plot of 1:1, (n:m), complex 8&/LiClO, according tcEq. (10).
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and complexed iono-chromophore due to increased concen-
tration in solutions is a difficult analytical problem even for
the 10°°-10-"mol L~1 range,Figs. 2 and 3. The quantita-
tive measurements of steady-state fluorescence emission with
various concentrations usually give the nonlinear plots due
to quenching of fluorescence intensity upon the increased
concentrations. The calibration plots are not linearly concen-
tration dependedigs. 2 and 3, therefore, the determination
of free and complexed macrocyclic ligand concentrations ob-
tained from non-linear calibration plots should be used with
a linear regression method for the calculation of cation asso-
ciation constants (Egs. (1)—(1®igs. 4 and 5).

Fig. 6. The illustration of 1:1 ratio of a metal complex3#. Presented results primarily showed the flexible cation
complexing role of dibenzo[3r 2]crown-n[7-20]. They
mostly possessed the strong complexes with different radii

ous temperatures showing the stronty/Benzo[18]crown-6 of metals despite of the large cyclic structures and hinder-
complex evidencing utility of the fluorescence spectroscopy ing hydrogen in the aromatic ring, (Fig. Bable 1). Mostly,
for ion binding[4]. strongest complexed metal in this work is?Pbthat has
The generic question is how to transduce a cation binding been also reported for common benzo[3n]crownetecules
even into a fluorescent event; S> Sy. Radiative (fluores-  [3]. However, strong LT complexing depends on the size
cence and phosphorescenceg,» S) transfers and non-  of macrocyclic structure due to cation coordination ability
radiative (intersystem crossing, ISG, S Ti, and internal towards such macrocycles, likewiska complex, (Fig. 6),
conversion, IC) transfers are taken place, (Sege1). which also displays the essential role of such type of macro-
Scablonski diagram displays that the mechanisms of thecycles for cation binding selectivity. However, Ndorms
fluorescence lifetimes are changed if the quenching of the moderate but selective complexes interestingly with the large
excited states is involved due to the incorporating donor and cavities of macrocycles and exhibited good cation radii-
following the different photo physical routes that may in- macrocyclic size relationship, (s€&. 6). The observed K
volve, likewise, the energy transfer, internal charge transfer, and Rb" stabilities of large radii of cations showed the flexi-
electron transfer, intersystem crossing, ISC, as well as thebility of such molecules upon complexifitg,21]. The di(m-
heavy atom effedi6—8]. dioxo)benzo groups, as showrSesheme 1, interestingly reg-
However, in most cases, fluorescence emission spectraulate cation binding in solutions.
are less affected due to cation ejection during excited state.
Accordingly, the phosphorescence displayed from> m*
triplet state is observed from the length of lifetimes when
the cation fits into the crown cavity. The emission compo-
nent ofT — «* origin is significantly quenched if oxygen
lone pairs, which were held by a cation like;"Kor Na,
are de-conjugated from the rest of thelectron system. We
have previously reported the synthesis and metal selectivity
of crown ethers with lumophore moieties using steady-state
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