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Abstract Aryl/pyridyl oxadiazole chromophores 6, 8 and

10, carrying N-phenyl aza-18-crown-6 have been synthe-

sized as new photo-induced charge transfer (PCT) probes.

While, the absorption spectra of the hosts experienced a

slight negative solvatochromism, however the emission

bands were dramatically red shifted (Stokes shifts up to

178 nm) in solvents of increasing polarity. Among the

metal ions tested, Li+, Na+, K+ and Mg2+ did not appre-

ciably perturbed the optical properties of the hosts. On the

other hand, Ba2+ and to a lesser extent Ca2+ induced

marked blue shifts in both the absorption and emission

spectra of the hosts. The magnitude of cation induced

spectral blue shifts corresponded with the increasing

acceptor strength of the attached aryl/pyridyl groups in the

host molecules. The blue shifts and the stability constants

were found to follow the order Ba2+ [ Ca2+ � Mg2+

[ Na+ [ Li+ [ K+. Competitive experiments performed

with a matrix of ions also revealed superior binding affinity

of Ba2+ with all the hosts examined. Noteworthily, the deep

yellow solution (kmax, 386 nm) of the host 10 was com-

pletely bleached (kmax, 320 nm), in the company of Ba2+

thereby allowing the naked eye detection of this ion.
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Introduction

The development of molecular probes capable of targeting

metal ions selectively is a subject of current interest in

supramolecular chemsitry because of implications in cell

biology, medicine, analytical and environmental sciences

[1]. Due to high sensitivity, ultra-fast response and real-time

measurements, the optical spectral techniques are gaining

increasing attention for the selective analysis of metal ions.

While crown ethers show high affinities for alkali metal ions

[2], in contrast aza-crown ethers exhibit superior interac-

tions towards alkaline earth metal ion [3]. Furthermore, aza-

15-crown-5 binds Mg2+ and Ca2+ selectively [4], but aza-18-

crown-6, possessing an expanded cavity interacts relatively

strongly with the larger Ba ions [3]. During the last decade, a

variety of supramolecular motifs working on the principle of

either photo-induced electron transfer [5] or photo-induced

charge transfer (PCT) [6] probes have been designed for

metal ion recognition. Though, a large number of Ca2+ and

Mg2+ optical sensors have been described [7], surprisingly

only a few chromogenic probes are known for Ba2+ [3].

Barium compounds find extensive uses in metallurgy and

medical diagnostics [8]. However, many Barium salts are

also environmental pollutants and toxic. Exposure to high

concentrations, particularly in the work places and mining

areas are reported to cause severe health problems [9].

Consequently, the development of colorimetric and fluori-

metric sensors capable of selectively targeting Ba2+ is

therefore of relevance in clinical medicine and environ-

mental applications.

In connection with our ongoing research on metal ion

sensors [10], we now wish to report synthesis and optical

spectral studies of chromoionophores 6, 8 and 10 featuring

a common N-phenylmonoaza-18-crown-6 ring and aryl/

pyridyl-oxadiazole motifs of differing acceptor strengths.
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Monoaza-18-crown-6 was specifically chosen as a receptor

for its binding preference for Ba2+ relative to alkali and

other alkaline-earth metal ions. Chromoionophores 6, 8

and 10 are designed to function as the PCT systems

because of the direct conjugation between the donor

N-phenyl aza-crown ether and the acceptors aryl/

pyridyl-oxadiazole components. Furthermore, since

acceptor strength increases in the order, 4-nitrophenyl [
4-pyridyl [ t-butylphenyl, the charge transfer character is

expected to follow the order 10 [ 8 [ 6. In analogy to

the known aza-crown based donor acceptor systems [3,

10d], the complexation of metal ion by the aza-crown

receptor in 6, 8 and 10 would result in the delinking of the

nitrogen ‘lone pair’ from conjugation [10d] and diminish

the charge transfer interaction existing in free hosts.

Consequently, metal ion complexation is expected to

induce blue shifts of the charge transfer bands associated

with 6, 8 and 10.

The synthetic route implemented for 6, 8 and 10 is

depicted in Scheme 1. Condensation of the known

N-phenylaza-18-crown-6 carboxaldehyde 1 [11] with the

known 4-(t-butylphenyl)hydrazide (2) [12], Isoniazide (3)

and 4-nitrophenylhydrazide (4) [13] gave the correspond-

ing hydrazones 5, 7 and 9, respectively, in good yield.

Oxidative cyclization of 5, 7 and 9 using KMnO4 in dry

acetone [14] provided the target probes 6, 8 and 10 in

reasonable yields after SiO2 column chromatographic

purification of crude products. The structures of 6, 8 and 10

were fully substantiated on the basis of elemental analysis

and spectral data, which is summarized in the experimental

section.

Experimental

Metal perchlorates were prepared as described in the lit-

erature [15] and dried under vacuum prior to use. The

chemicals and spectral grade solvents were purchased from

S.D. Fine Chemicals (India) and used as received. IR

spectra were recorded on a Shimadzu FTIR-420 spectro-

photometer. 1H NMR spectra were recorded in CDCl3
solution on a Bruker 300 MHz spectrometer with TMS as

an internal standard. Coupling constants J are given in

hertz. Elemental analyses were done on Carlo Erba

instrument EA-1108 Elemental analyzer. UV–Vis spectra

were recorded on Jasco V-530 UV–Vis spectrophotometer,

fluorescence spectra were recorded on Hitachi F-4500

Fluorescence spectrophotometer.

Preparation of hydrazones 5, 7 and 9: general procedure

N-Phenylaza-18-crown-6 carboxaldehyde 1 and appropri-

ate acid hydrazide (4 mmol, each) were dissolved in

absolute ethanol (20 mL) and the reaction refluxed on a

water-bath for about 3 h. The reaction mixture was then

cooled to room temperature and the precipitated solid fil-

tered, washed with cold ethanol and air dried to give the

corresponding hydrazones.

Preparation of hydrazone 5

Following the general procedure, the condensation of 1

with 4-t-butylbenzoic hydrazide 2 afforded 5 as a pale

yellow solid in 75% yield (1.426 g), mp, 122–124 �C.
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IR (KBr): 3198, 3039, 2954, 2866, 1637, 1609, 1594, 1521,

1359, 1303, 1284, 1183, 1123, 1064, 921, 854, 818, 767,

730 cm-1. 1H-NMR (60 MHz, CDCl3): d, 9.82 (s, 1H,

–NH–), 8.25 (s, 1H, –CH=N–), 7.78 (d, 2H, J = 7 Hz,

Ar–H), 7.61 (d, 2H, J = 8.5 Hz, Ar–H), 7.45 (d, 2H,

J = 7 Hz, Ar–H), 6.64 (d, 2H, J = 8.5 Hz, Ar–H),

3.80–3.31 (m, 24H, [ NCH2CH2O–), 1.33 (s, 9H,

Ar–C(CH3)3). Anal. Calcd for C30H43N3O6: C, 66.54; H,

7.94; N, 7.76. Found: C, 66.75; H, 8.09; N, 8.04%.

Preparation of hydrazone 7

Following the general procedure, the condensation of 1

with isoniazide (3) gave hydrazone 7 as a pale yellow solid

in 79% yield (1.535 g), mp, 140–142 �C. IR (KBr): 3193,

3038, 2871, 1651, 1594, 1550, 1521, 1396, 1342, 1295,

1183, 1106, 969, 815, 753, 682 cm-1. 1H-NMR (60 MHz,

CDCl3): d, 10.19 (s, 1H, –NH–), 8.50 (d, 2H, J = 6.5 Hz,

Ar–H), 8.13 (s, 1H, –CH=N–), 7.55 (d, 2H, J = 6.5 Hz,

Ar–H), 7.33 (d, 2H, J = 7.5 Hz, Ar–H), 6.45 (d, 2H,

J = 7.5 Hz, Ar–H), 3.73–3.26 (m, 24H, [ NCH2CH2O–).

Anal. Calcd for C25H34N4O6: C, 61.73; H, 6.99; N, 11.52.

Found: C, 61.87; H, 6.84; N, 11.24%.

Preparation of hydrazone 9

Following the general procedure, the condensation 1 with

4-nitrobenzoic hydrazide (4) gave the hydrazone 9 as a

yellow solid in 83% yield (1.759 g), mp, 160–163 �C. IR

(KBr): 3191, 3033, 2950, 2872, 1644, 1611, 1592, 1519,

1401, 1350, 1292, 1135, 1122, 1086, 818, 713, 664 cm-1.
1H-NMR (300 MHz, CDCl3): d, 11.08 (s, 1H, –NH–),

8.25 (s, 1H, –CH=N–), 8.17 (d, 2H, J = 7.5 Hz, Ar–H),

7.95 (d, 2H, J = 7.5 Hz, Ar–H), 7.49 (d, 2H, J = 8.5 Hz,

Ar–H), 6.62 (d, 2H, J = 8.5 Hz, Ar–H), 3.78–3.31

(m, 24H,[NCH2CH2O–). Anal. Calcd for C26H34N4O8: C,

58.87; H, 6.42; N, 10.57. Found: C, 59.08; H, 6.16; N,

10.76%.

Synthesis of oxadiazoles 6, 8 and 10: general procedure

To a stirred solution of appropriate hydrazone (2 mmol) in

dry acetone (50 mL) was added KMnO4 (1.106 g, 7 mmol)

portionwise during 1 h. The reaction mixture was contin-

ued to be stirred at room temperature for 4 h whereby the

pink reaction turned brownish. The reaction mixture was

then filtered through a pad of celite and the filtrate was

concentrated to get a crude product solid. The crude was

purified by SiO2 column chromatography using

CHCl3:CH3OH (99:1) as an eluent to obtain the desired

oxadiazole products.

Preparation of 2-(4-N-phenylaza-18-crown-6)-5-

(4-t-butylphenyl)-1,3,4-oxadiazole (6)

Following the general procedure, the oxidative cyclization

of 5 gave oxadiazole 6 as a pale yellow oil in 52% yield

(0.560 g). IR (KBr): 2880, 2869, 1610, 1503, 1397, 1351,

1271, 1193, 1115, 956, 843, 752, 710 cm-1. 1H-NMR

(300 MHz, CDCl3): d, 8.03 (d, 2H, J = 8.4 Hz, Ar–H),

7.97 (d, 2H, J = 6.9 Hz, Ar–H), 7.53 (d, 2H, J = 8.4 Hz,

Ar–H), 6.81 (d, 2H, J = 6.9 Hz, Ar–H), 3.72 (t, 4H,

[NCH2CH2O–), 3.67–3.59 (m, 20H, –OCH2CH2–), 1.37

(s, 9H, Ar–C(CH3)3). Anal. Calcd for C30H41N3O6: C,

66.79; H, 7.61; N, 7.79. Found: C, 67.08; H, 7.70; N,

8.09%.

Preparation of 2-(4-N-phenylaza-18-crown-6)-5-

(4-pyridyl)-1,3,4-oxadiazole (8)

Following the general procedure, the oxidative cyclization

of 7 afforded oxadiazole 8 as a yellow solid in 54% yield

(0.523 g), mp, 108–110 �C. IR (KBr): 2861, 1611, 1498,

1399, 1350, 1197, 1122, 987, 822, 740, 699 cm-1. 1H-

NMR (300 MHz, CDCl3): d, 8.83 (d, 2H, J = 6.5 Hz, Ar–

H), 8.03 (d, 2H, J = 6.5 Hz, Ar–H), 7.96 (d, 2H,

J = 8.7 Hz, Ar–H), 6.82 (d, 2H, J = 8.7 Hz, Ar–H), 3.75

(t, 4H,[NCH2CH2O–), 3.67–3.59 (m, 20H, –OCH2CH2–).

Anal. Calcd for C25H32N4O6: C, 61.98; H, 6.61; N, 11.57.

Found: C, 62.21; H, 6.50; N, 11.73%.

Preparation of 2-(4-N-phenylaza-18-crown-6)-5-

(4-nitrophenyl)-1,3,4-oxadiazole (10)

Following the general procedure, the oxidative cyclization

of 9 afforded oxadiazole 10 as an orange solid in 51% yield

(0.538 g), mp 142–145 �C. IR (KBr): 2866, 1613, 1519,

1499, 1402, 1349, 1296, 1197, 1118, 855, 739, 708 cm-1.
1H-NMR (300 MHz, CDCl3): d, 8.37 (d, 2H, J = 8.5 Hz,

Ar–H), 8.25 (d, 2H, J = 8.5 Hz, Ar–H), 8.02 (d, 2H,

J = 8.9 Hz, Ar–H), 6.72 (d, 2H, J = 8.9 Hz, Ar–H), 3.84

(t, 4H,[NCH2CH2O–), 3.72–3.65 (m, 20H, –OCH2CH2–).

Anal. Calcd for C26H32N4O8: C, 59.09; H, 6.06; N, 10.61.

Found: C, 58.80; H, 6.29; N, 10.74%.

Results and discussion

Spectrophotometric investigation of 6, 8 and 10

The absorption spectra of 6, 8 and 10 measured in aceto-

nitrile (ACN) showed two absorption bands; a higher

energy band attributable to locally excited (LE) state

appeared at kmax at 257, 288 and 310 nm, respectively,

whereas the absorption maxima due to intramolecular

J Incl Phenom Macrocycl Chem (2008) 62:81–90 83
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charge transfer (ICT) excitations appeared at longer kmax at

339, 350 and 386 nm, respectively. The ICT absorption

bands were increasingly red shifted in the order 10 [ 8 [ 6

which is consistent with increasing acceptor character in

going from t-butylphenyl to 4-pyridyl to 4-nitrophenyl

substituents.

Since ICT bands in donor acceptor chromophores are

sensitive to solvent polarity [16], we also examined the

UV–Vis and fluorescence spectra of 6, 8 and 10 in solvents

of different polarities and the results are collected in

Table 1. The fluorescence spectra were recorded by exci-

tations at the absorption maxima observed in the respective

solvents. The chromophore 10 is non-emissive on account

of quenching by the –NO2 group.

As can be seen from the Table 1, the ICT bands of 6, 8

and 10 appeared slightly red shifted in solvents of lower

polarities viz cyclohexane and chloroform compared to

more polar ACN and MeOH. In cyclohexane the ICT bands

of 6, 8 and 10 appeared at 353, 370 and 397 nm, respec-

tively while the absorption maxima in highly polar MeOH

were blue shifted to 343, 357 and 382 nm, respectively.

The increase in the blue shifts in changing the solvent from

cyclohexane to MeOH follows the order 10 [ 8 [ 6 and

implies that higher the ICT character, larger is the blue

shifts. Clearly, chromophores 6, 8 and 10 are subject to

negative solvatochromism. The latter phenomenon has

been encountered in certain dyes and dipolar molecules,

[17, 18] and is believed to originate as a consequence of

greater stabilization of the ground states relative to the

excited states in solvents of increasing polarity [19].

However, the fluorescence spectra suffered significant

red shifts in solvents of increasing polarity. When 6 and 8

(10 being nonradiative) were excited at their respective

absorption maxima, structureless ICT emission bands

showing increasing red shifts in more polar solvents were

observed. For the case of 6, the emission band at 386 nm in

cyclohexane was red shifted to 466 nm in MeOH, with a

Dkem of 81 nm. For chromophore 8, with a higher degree

of the ICT character than 6, the emission band shifted from

398 nm in cyclohexane to 576 nm in methanol with a

relatively massive Dkem of 178 nm. As shown in Table 1,

the solvent induced red shifts follow the order

MeOH [ ACN [ CHCl3 [ cyclohexane. These finding

are characteristic of the highly polar nature of the excited

states. Higher Stokes shifts of 8 relative to 6 in all the

solvents examined (see Table 1) also support polar nature

of the excited states. It is proposed that with increasing

solvent polarity, the excited states get progressively stabi-

lized compared to the ground states. Consequently, the

emissions then occur from highly relaxed Frank–Condon

states, producing red shifted emissions in solvents of

increasing polarity [20].

UV–Vis spectral studies of 6, 8 and 10 in the presence

of metal ions

The UV–Vis profiles of 6, 8 and 10 were investigated in

ACN in the presence of biologically significant Li, Na, K,

Mg, Ca and Ba ions as their perchlorate salts. The spectral

changes are shown in Figs. 1–3 and the results are sum-

marized in Table 2. Li+, Na+, K+ and Mg2+ failed to elicit

appreciable changes in the UV–Vis spectra, with the blue

shifts of only 1–3 nm being detected in the ICT bands

associated with the host molecules. Insignificant responses

in the absorption spectra in the company of these cations

imply rather weak ground state binding interactions with 6,

8 and 10.

However, UV–Vis spectra of 6, 8 and 10 were signifi-

cantly modified upon adding Ba2+ and Ca2+ perchlorates.

Addition of Ca2+ to an ACN solutions of 6, 8 and 10

induced blue shifts of the original ICT bands by 21, 20 and

29 nm, respectively. In comparison to Ca2+, Ba2+ addition

resulted in even larger blue shifts in the original ICT bands

of 6, 8 and 10 by 42, 58 and 65 nm, respectively. Such

large blue shifts are characteristics of donor acceptor

Table 1 UV–Vis and fluorescence data of 6, 8 and 10 in various

solvents

Solvent 6 8 10a

kabs (nm) kem (nm) kabs (nm) kem (nm) kabs (nm)

Cyclohexane 353 385 370 398 397

Chloroform 341 402 358 482 395

Acetonitrile 339 443 350 524 386

Methanol 343 466 357 576 382

a Non-fluorescence system
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Fig. 1 Absorption spectra of 6 (2.27 9 10-5 M) in CH3CN before and

after addition of Ba2+ (6.81 9 10-5 M), Ca2+ (1.59 9 10-4 M), Mg2+

(3.41 9 10-4 M), Li+ (4.31 9 10-4 M), Na+ (4.54 9 10-4 M) and K+

(4.09 9 10-4 M). Metal ion conc. refer to saturated concentrations
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systems in which metal ions coordination occurs at the donor

sites [3, 10d]. The rationale for the blue shift is based on the

consideration that metal ion complexation involving the aza-

crown nitrogen will be stabilized the ‘n’ orbitals relative to

the p*orbitals. Consequently, the energies of the np* of the

metal coordinated hosts would be raised relative to those of

the free hosts, giving rise to the blue shifts. For the cases of

10, which absorbs well into the visible region (kmax,

386 nm), the original deep yellow solution turned colorless

(kmax, 320 nm) in the presence of Ba2+. Thus, potential exists

in 10 to function as a colorimetric sensor for Ba2+.

For illustration, the spectrophotometric titration of 6

against incremental addition of Ba2+ is shown in Fig. 4.

The original ICT band at 339 nm diminished in intensity as

a new blue shifted band emerged at 297 nm. At a con-

centration of 6.81 9 10-5 mol, of Ba2+, the 339 nm band

is fully replaced by 297 nm band. A single well-defined

isosbestic point is observed at 314 nm. This observation

implies 1:1 binding stiochiometry which was also con-

firmed by the Job’s plot [21] as shown in Fig. 5. For the

cases of 8 and 10, complete complexation occurred at Ba2+

concentrations of 13.62 9 10-5 and 22.7 9 10-5 mol and

the corresponding isosbestic points were detected at 321

and 353 nm, respectively.

The stability constants, log KS for the 1:1 complexation

were determined from UV–Vis spectrophotometric data

using non-linear curve fitting method [21] and the results

are compiled in Table 3. The log KS were found to follow

the order 6 [ 8 [ 10 which reflects decreasing metal

binding interactions of the aza-crown receptor in the series.

This behavior is in accord with the decreased availability of

the aza-crown nitrogen in metal binding interaction with

the increase of the acceptor strengths of the aryl/heteroaryl

substituents. For all the three chromoinophores, log KS for

Ba2+ were found to be markedly higher compared to

coordinatively competing Ca2+ and Mg2+ and magnitude of

log KS followed the order Ba2+ [ Ca2+ � Mg2+ [ Na+

[ Li+ [ K+.
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Fig. 2 Absorption spectra of 8 (2.27 9 10-5 M) in CH3CN before

and after addition of Ba2+ (1.36 9 10-4 M), Ca2+ (3.18 9 10-4 M),

Mg2+ (4.54 9 10-4 M), Li+ (4.99 9 10-4 M), Na+ (4.31 9 10-4 M)

and K+ (5.67 9 10-4 M); metal ion conc. refer to saturated

concentrations
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Fig. 3 Absorption spectra of 10 (2.27 9 10-5 M) in CH3CN before and

after addition of Ba2+ (2.27 9 10-4 M), Ca2+ (3.41 9 10-4 M), Mg2+

(5.45 9 10-4 M), Li+ (5.90 9 10-4 M), Na+ (4.77 9 10-4 M) and K+

(6.13 9 10-4 M); metal ion conc. refer to saturated concentrations

Table 2 UV–Vis data of free and complexed ligands 6, 8 and 10

Complex 6 8 10

kICT (nm) DkICT (nm) eM (L mol-1

cm-1)

kICT (nm) DkICT (nm) eM (L mol-1

cm-1)

kICT (nm) DkICT (nm) eM (L mol-1

cm-1)

Neat 339 – 30,784 352 – 31,801 385 – 21,850

Ba2+ 297 42 26,449 294 58 29,092 320 65 29,691

Ca2+ 318 21 21,982 332 20 22,921 356 29 20,788

Mg2+ 338 1 23,493 351 1 28,035 382 3 14,929

Li+ 338 1 30,660 350 2 31,180 383 2 20,660

Na+ 336 3 29,071 349 3 30,701 380 5 21,380

K+ 338 1 29,427 351 1 31,629 381 4 19,511
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In order to evaluate the selective binding of Ba2+, we

performed a competitive spectral analysis in the presence

of a matrix of ions (Li+, Na+, K+, Ca2+ and Mg2+ ions)

(Fig. 6). Initially, a UV–Vis spectrum of 6 (2.27 9 10-

5 M) in the presence of a matrix consisting of Ca2+

(1.59 9 10-4 M), Li+, Na+, K+ and Mg2+ ions (each

4.54 9 10-4 M) was recorded. The resultant spectrum

showed absorption maxima at 318 nm, which corresponds

with the absorption spectrum of 6 obtained in the presence

of Ca2+ alone (see Fig. 1). This result implies that Ca2+

interacts more strongly than Li+, Na+, K+ and Mg2+. Upon

adding Ba2+ (6.81 9 10-5 M) to the above matrix, the

318 nm band was completely replaced by a new blue

shifted absorption band at 297 nm. The latter band, which

is reminiscent of the 6 + Ba2+ system is clearly due to the

exclusive engagement of 6 with Ba2+ at the expense of

other metal ions present in the matrix. This experiment

manifests superior binding interaction of 6 with Ba2+ rel-

ative to Ca2+, Mg2+, Li+, Na+ and K+. Similar behaviors

were also noticed for 8 and 10, which showed that in the

matrix of ions, Ba2+ complexation occurs more selectively.

Fluorescence spectral studies of 6 and 8 in the presence

of metal ions

As stated earlier, excitation of ACN solutions of 6 and 8

at their kmax at 339 and 352 nm gave rise to structurless

emission bands at 441 and 560 nm, respectively. The

quantum yields (Uf) of 6 and 8 were calculated to be

0.737 and 0.302, respectively based on comparison with

the integrated fluorescence spectra of the reference

standard, coumarin 153 in cyclohexane (Uf = 0.90) [22].

Lower Uf and higher Stokes shift for 8 (208 nm) than 6

(102 nm) are consistent with relatively higher ICT

character of 8, which turns this molecule largely non-

radiative in nature [23].

Addition of Li+, Na+ and K+ to 6 and 8 did not alter

either the fluorescence intensity or fluorescence maxima,

indicating the absence of any significant interaction with

these metal ions. On the other hand, the emission maxims

of 6 and 8 were markedly blue shifted in the company of

Mg2+ (Dkem = 6 and 3 nm), Ca2+ (Dkem = 13 and 24 nm)

and Ba2+ (Dkem = 17 and 30 nm). Consistent with the

absorption spectra, the magnitude of emission blue shifts

for both 6 and 8 were found to follow the order,

Ba2+ [ Ca2+ � Mg2+ [ Na+ [ Li+ = K+. The photo-

physical data are collected in Table 4 (Figs. 7 and 8).
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Fig. 4 Absorption spectra of 6 (2.27 9 10-5 M) in CH3CN in the
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Table 3 Stability constants

(log KS) of metal complexes of

6, 8 and 10

a The stability constant was

determined by non-linear fitting

curve of absorption data [21]

Complex Ionic diameter (Å) log KS
a (6 + Mn+) log KS

a (8 + Mn+) log KS
a (10 + Mn+)

Neat – – – –

Ba2+ 2.68 3.96 3.72 2.75

Ca2+ 1.98 3.24 3.12 2.29

Mg2+ 1.32 2.43 2.20 1.60

Li+ 1.36 2.31 2.25 1.42

Na+ 1.94 2.36 2.29 1.64

K+ 2.66 1.65 1.45 1.51
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Discussion on the binding profile of 6, 8 and 10

The absorption spectra of chromoionophores 6, 8 and 10

were solvent dependent, displaying a slight negative sol-

vatochromism. However, fluorescence maxima

experienced significant red shifts in response to increasing

solvent polarity. The solvent induced red shifts followed

the order MeOH [ ACN [ CHCl3 [ cyclohexane. These

finding are characteristic of the polar nature of the excited

states with the emission occurring from highly relaxed

Frank–Condon states. N-Phenylaza-18-crown-6, carrying

electron-withdrawing groups reportedly exhibit weak

binding interactions with hard alkali metal ions [24].

Similar behavior has been observed with 6, 8 and 10, which

incorporate aryl/pyridyloxadiazoles as the acceptor groups.

Among the divalent metal ions investigated, Mg2+ exhib-

ited insignificant photophysical perturbations with all the

three chromoionophores. Higher charge density of 0.75 of

Mg2+ (for Ba2+ and Ca2+, the charge densities are 0.24 and

0.13, respectively) [10c] and its small ionic radii of 1.32 Å

are presumably not compatible with the larger cavity size

and softer nature of N-phenylaza-18-crown-6 receptor. The

stronger binding of Ba2+ ion compared to Ca2+ is in accord

with its ionic diameter of 2.68 Å, which is complimentary

to 2.6–3.2 Å cavity size of the monoaza-18-crown-6 ether.

Up on metal ion complexation, the aza-crown nitrogen is

decoupled from conjugation, causing a decrease in the ICT

character. Hence, the blue shifts in the absorption and

emission maxima are entirely expected.

The metal ion binding interaction follows the order

Ba2+ [ Ca2+ � Na+ [ Li+ = K+ = Mg2+ and the log KS,

determined spectrophotometrically were larger for 6
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Fig. 6 Absorption spectra of 6 (2.27 9 10-5 M), 6 + Matrix [Ca2+

(1.59 9 10-4 M), Mg2+, Li+, Na+ and K+ (4.54 9 10-4 M), each]

and 6 + Matrix + Ba2+ (6.81 9 10-5 M) in CH3CN
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Fig. 7 Fluorescence spectra (corrected) of 6 (4.22 9 10-6 M) in

CH3CN before and after addition of Ba2+ (1.27 9 10-5 M), Ca2+

(2.95 9 10-5 M), Mg2+ (6.33 9 10-5 M), Li+ (8.01 9 10-5 M), Na+

(8.44 9 10-5 M) and K+ (7.59 9 10-5 M); excited at their respec-

tive isosbestic points
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Fig. 8 Fluorescence spectra (corrected) of 8 (4.51 9 10-6 M) in

CH3CN before and after addition of Ba2+ (2.71 9 10-5 M), Ca2+

(6.31 9 10-5 M), Mg2+ (9.02 9 10-5 M), Li+ (9.92 9 10-5 M), Na+

(8.57 9 10-5 M) and K+ (1.13 9 10-4 M); excited at their respec-

tive isosbestic points

Table 4 Fluorescence data of free and complexed ligands of 6 and 8

Complex 6 8

kem (nm) Dkem (nm) kem (nm) Dkem (nm)

Neat 441 – 560 –

Ba2+ 424 17 530 30

Ca2+ 428 13 536 24

Mg2+ 435 6 557 3

Li+ 440 1 559 1

Na+ 439 2 558 2

K+ 440 1 559 1
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compared to 8 and 10. This is understandable in view of the

presence of an electron withdrawing pyridyl and nitro-

phenyl groups, which diminish the metal ion binding

ability of the aza-crown ether in 8 and 10. Available

comparisons indicate that log KS derived from our systems

are comparable or better than those reported for some

known N-phenylaza-18-crown-6 dyes [10d, 25]. It is

noteworthy that the blue shifts in the kICT of 6 and 8 in the

presence of metal ions are substantially larger than

observed in their fluorescence emission spectra. The

reduced levels of blue shifts in the emission spectra imply

relatively weaker cation—aza-crown interaction in the

excited states compared to the ground states.

Conclusion

In conclusion, chemoionophores 6, 8 and 10, constitute

potentially interesting Ba2+ sensitive probes due to their

relatively high binding interaction for Ba2+ compared to

the biologically interfering Ca2+ as well as Mg2+. Though

not fluorescent, chromophore 10 is of particular interest

since, upon addition of Ba2+, its deep yellow colored

solution turned colorless, an event that can be visualized

with naked eye.
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