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The laterally nonsymmetric aza cryptand synthesized by condensing tris(2-aminoethyl)amine (tren) with tris{ 2-[(3-
(oxomethyl)phenyl)oxy]ethyl} amine readily forms mononuclear inclusion complexes with both transition- and main-
group-metal ions. The fluorophore 7-nitrobenz-2-oxa-1,3-diazole is attached to one of the secondary amines, to
give an integrated fluorophore—receptor configuration. The fluorophoric system does not show any appreciable
emission when excited due to an efficient photoinduced intramolecular electron transfer (PET) from the nitrogen
lone pair. When a metal ion enters the cavity, the PET is blocked, causing recovery of fluorescence; Cd(ll) gives
the highest quantum yield. The fluorophore, with sz-accepting ability, drastically alters the binding property of the
cryptand. With perchlorate or tetrafluoroborate salts of Cd(ll), the metal ion enters the cavity, causing recovery of
fluorescence. However, in the presence of coordinating ions such as Cl~, N3~, and SCN™, the metal ion comes
out of the cavity, causing PET to take place once again, and the fluorescence is lost. Thus, translocation of Cd(ll)

between the inside and outside of the cryptand cavity can

lead to a reversible fluorescence on/off situation.

Introduction

A large number of fluorescent signaling systems exploiting
the photoinduced intramolecular electron transfer (PET)
mechanism and metal ions as input are kndwnThese
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systems are designed to covalently link fluorophores to
nitrogen atoms present in acyclic or macrocyclic receptors.
In the metal-free state, the nitrogen lone pair is donated to
the excited fluorophore via PET, and the excited fluorophore
comes to the ground state through a nonradiative pathway,
causing quenching of fluorescentaVhen a metal ion
engages this lone pair through bonding, the PET is blocked,
leading to recovery of fluorescence. The desired architecture
of a molecular fluorescent signaling system demands that
the PET causing fluorescence quenching should be (i) very
fast and efficient in the metal-free molecule, (i) more or
less completely prevented when the receptor accepts a metal
ion as input, and (iii) the orientation of the fluorophore with
respect to the metal ion in the cavity should lead to minimum
spin—orbit coupling that facilitates the -ST intersystem
crossing. A system with fluorescent on/off capability can
potentially act as a molecular photonic switch, which is the
most important component of any true photonic device. Many
problems remain with crafting and operating such a device.
The immediately realizable objective is, however, to build
molecular systems exhibiting useful photonic properties that
can be modulated. We have previously sh8\timat trianthryl
derivatives of laterally nonsymmetric aza cryptands exhibit
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Scheme 1. Schematic Diagram of the Fluorophoric Systenshowing Fluorescence Modulation upon Metal In and Metal Out
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fluorescence enhancement in the presence of transition-metal Cryptand L. To a suspension df, (1.12 g, 2 mmol) in dry
ions with at least 1 order of magnitude higher quantum toluene (100 mL) was added dropwise over a perib@ & with
efficiency compared to known systems in the literature. We constant stirring at 78C a solution of 4-chloro-7-nitrobenz-2-oxa-
have also show# that when a cryptand is attached to an 1,3-diazole (0.040 g, 0.2 mmol) in toluene (40 mL). After the
electron-withdrawing group, a metal ion can translocate from addition was complete, the mixture was refluxed for 6.h, aIIovyed
inside to outside the cavity depending upon the nature of to cool to room temperature, and finally kept overnight at ice
the counteranion. Putting these two ideas together, we havetemperature. Solids were removed by filtration, and the filtrate was

i ) _"“evaporated using a rotary evaporator under reduced pressure to
attached the fluorophore 7-nitrobenz-2-oxa-1,3-diazole With \ o ove toluene. The red solid left behind was dried under vacuum.

electron-withdrawing abilit}? to our cryptand. In this system,  The desired product was purified further by being passed through
the secondary N atom acting as a donor is directly attacheda column (silica gel, 106200 mesh) with a chloroform and

to the electron-withdrawing fluorophore acting as an electron methanol mixture (3:97 v/v) as eluent. Mp: 188.H NMR (400
acceptor. This is an exampteof a “PET reagent” with a MHz, DMSO-dg, 25 °C, TMS, ppm): (aliphatic) 2.66 (br, 6H),
fluorescent on/off capability. It works well for Cd(ll) ion,  2.83 (br, 6H), 3.78 (s, 6H), 4.19 (br, 12H), (aromatic) 6.93 (t, 4H),
which acts as a reversible signal transducer (Scheme 1) du¢’-10 (d, 6H) 7.3 (m, 4H)*C NMR (100 MHz, DMSO#é, 25°C,

to translocation of the metal ion inside and outside the TS, ppm): 157.0, 156.4, 145.5, 144.8, 144.4, 1378, 136.3, 131.6,

cryptand cavity depending upon the nature of the counter- 1300, 129.1, 123.3,120.8, 1205, 112.2, 111.1, 103.3,39.245, 67.8,
anion. 66.9, 53.5, 52.9, 51.3, 46.0. FAB-MBil): 723 (54%) L]*. Anal.

Calcd for GgH4eNgOs: C, 64.80; H, 6.41; N, 15.50. Found: C,
64.65; H, 6.49; N 15.44.

[Cd(L 5)]*(ClO4)2H20, 1. To a stirring solution ol , (0.56 g;
Materials. All reagent grade chemicals were used without 1 mmol) in 5 mL of acetone was added all at once Cd¢HO
purification unless otherwise specified. The metal salts and tris(2- xH,O (0.320 g, 1 mmol) dissolved in acetone (5 mL), and the
aminoethyl)amine were obtained from Aldrich. 4-Chloro-7-ni- resulting solution was stirred for 15 min at room temperature and
trobenz-2-oxa-1,3-diazole (4-chloro-7-nitrobenzofurazan) was ob- filtered. The filtrate upon slow evaporation afforded colorless

tained from Lancaster. Triethanolamine, salicylaldehyde, sodium prismatic crystals suitable for X-ray crystallography. Yield75%.
borohydride, sodium hydroxide, anhydrous sodium sulfate, potas- Anal. Calcd for GsH47NsO1.Cl,Cd: C, 44.58; H, 5.33; N, 7.88.
sium carbonate, perchloric acid, and thionyl chloride were received Found: C, 44.41; H, 5.44; N, 7.73.

from S. D. Fine Chemicals (India). Thionyl chloride and all the  cCaution! Care should be taken while treating organic compounds
solvents were freshly distilled prior to use, and all the reactions jth metal perchlorates as potentially explosive mixtures may be

Experimental Section

were carried out under a,Nitmosphere. formed.
Synthesis CryptandL, was synthesized as a colorless crystalline  peasurements The compounds were characterized by elemental
solid as reporteld previously. analysestH NMR, 13C NMR, and mass (positive ion) spectroscopy.

IH NMR and!3C NMR spectra were recorded on a JEOL JNM-

(10) 1%3)752'1 g-:lﬁgggadwai, P. K;; Roy, J.; Ghosh)SAm. Chem. Soc. | A400 FT (400 and 100 MHz, respectively) instrument in DMSO-

(11) Mukhopadhyay, P.. Sarkar, B.. Bharadwaj, P. K.:ttMen, K.: ds with Me,Si as the internal standard. FAB mass (positive ion)
Rissanen, KInorg. Chem2003 42, 4955. data were recorded on a JEOL SX 102/DA-6000 mass spectrometer
(12) Ramachandram, B.; Samanta,@hem. Phys. Lett199§ 290, 9. using argon as the FAB gas at 6 kV and 10 mA with an accelerating
13) Iﬁgf’&?‘gg%ggczh%%r?b’si 4'5533?1((’5)'“'0?”1%'2?3’@?%(%‘; asn?;"tasvl;T'? voltage of 10 kV, and the spectra were recorded at 298 K. Melting
Santa, T.: Imai, KAnal. Chem2002 74, 4089. points were determined with an electrical melting point apparatus
(14) Ragunathan, K. G.; Bharadwaj, P.Retrahedron Lett1992 33, 7581. by PERFIT, India, and were uncorrected. FT-IR and elemental
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analyses were done at the microanalysis lab at Indian Institute of
Technology, Kanpur. UM vis spectra were recorded on a JASCO
V-570 spectrophotometer in dry THF as well as other dried solvents
at 298 K. Fluorescence spectra were obtained with a Perkin-Elmer
LS 50B luminescence spectrometer at 298 K. The fluorescence
guantum yield was determin&dising quinine sulfateg = 0.54)

in 1 M H,SQ, as reference at/y of 350 nm. The standard quantum
yield value thus obtained was used for the calculation of the

Bag and Bharadwaj

guantum vyield in each case by comparing the corrected spectrum

with that of quinine sulfate by taking the area under the total
emission. The error e is 15% for the free ligand, otherwise
10% in each case.

X-ray Structural Studies. Single-crystal X-ray data oh were
collected at 100 K on a Bruker SMART APEX CCD diffractometer
using graphite-monochromated Maxadiation ¢ = 0.71073 A).

The linear absorption coefficients, scattering factors for the atoms,
and the anomalous dispersion corrections were taken from the
International Tables for X-ray Crystallographyhe data integration
and reduction were processed with SAIR$oftware. An empirical
absorption correction was applied to the collected reflections with
SADABS!” using XPREP2 The structure was solved by the direct
method using SHELXTE and was refined oR? by the full-matrix
least-squares technique using the SHELXI2°®fogram package.

All non-hydrogen atoms were refined anisotropically. The H atom
positions or thermal parameters were not refined but were included
in the structure factor calculations.

Results and Discussion

Compoundl shows strong and broad absorption centered
at 1100 cm? in the infrared spectra attributaBleto the
presence of perchlorate anion. To confirm that Cd(Il) gets
bonded inside the cavity, single-crystal X-ray analysi4 of
was carried out? The structure ofl consists of the cation
[Cd(L)]?*, two perchlorate anions, and a water molecule in
the asymmetric unit. The metal ion enters the cavity and gets
bonded to all of the eight donor atoms present (Figure 1).
The bond distances and bond angles involving the metal ion
are collected in Table 1. The conformation of the metal-
bound cryptand is significantly distorted compared to that

Figure 1. Structure of the Cd(ll) cryptate ¢f,. Color code: Cd, yellow;
O, red; N, blue; C, gray.

Table 1. Selected Bond Distances (A) and Bond Angles (deg) for the
Complex [Cd[)](ClO4)2H20, 1

Cd1-N5 2.382(2) N5-Cd1-N3 103.52(9) N5Cd1-N4 113.43(9)
Cd1-N3 2.400(2) N3-Cd1-N4 116.92(10) N5Cd1-N1 110.65(9)
Cd1-N4 2.422(3) N3-Cd1-N1 110.20(8) N4Cd1-N1 102.26(8)
Cd1-N1 2.465(2) N5-Cd1-N2 71.65(10) N3-Cdi-N2 73.29(9)
Cd1-N2 2.518(3) N4Cd1-N2 72.52(9) NI-Cd1l-N2 174.75(8)
Cd1-01 2.635(2) N5Cd1-O1 173.35(8) N3-Cd1-O1 72.17(7)
Cd1-02 2.662(3) N4Cdl-01 73.21(7) N+Cdl-01 67.11(7)
Cd1-03 2.757(5) N2-Cd1-01 111.15(9)
0.12
—L
—-—-L +Ni(Il)
3 - = -L+Zn(Il)
soos4ft gy - L + Cd(I1)
2
o
(7]
Q
<
0.04
0.00 T T T )
300 400 500 600 700
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Figure 2. Absorption spectra of alone and in the presence of Ni(ll),
Zn(ll), and Cd(ll) ions in dry THF at 1x 10°> M concentration.

of the metal-free state although the bond distances and angles

in the molecule lie within the normal range.

The two bridgehead N atoms show a distance of 4.978(4)
A, which is much closer compared to the distance of 6.249(5)
A in the free cryptand. The CeN distances span the range
2.382-2.518 A, which is similar to the values found in other

(15) Photophysics of Aromatic Molecule8irks, J. B., Ed.; Wiley-
Interscience: New York, 1970.

(16) SAINT+, 6.02 ed.; Bruker AXS: Madison, WI, 1999.

(17) Sheldrick, G. MSADABS, empirical absorption Correction Program
University of Gdtingen: Gitingen, Germany, 1997.

(18) XPRER 5.1 ed.; Siemens Industrial Automation Inc.: Madison, WI,
1995.

(19) Sheldrick, G. MSHELXTL Reference Manuakersion 5.1 Bruker
AXS: Madison, WI, 1997.

(20) Sheldrick, G. MSHELXL-97: Program for Crystal Structure Refine-
ment University of Gdtingen: Giatingen, Germany, 1997.

(21) Infrared and Raman Spectra of Inorganic and Coordination Com-
pounds 4th ed.; Nakamoto, K., Ed.; John Wiley & Sons: New York,
1986; p 251.

(22) Crystal data of.: M,, = 889.06 g mot?, monoclinic, space group
P2(1)lc, a=9.7241(5) Ajp = 21.0393(6) Ac = 17.8354(9) Ao =
90.00, = 97.3540(10), y = 90.00, U = 3618.9(2) B, T = 100(2)

K, Z=4,D; = 1.632 g cn3, u = 0.822 mn7?, F(000) = 1831.7,
crystal size 0.18< 0.16 x 0.13 mn?, total of 8469 reflections, 7466
unique, R1= 0.0474, wR2= 0.0986, withl > 2¢(l), S= 1.002.
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complexe¥23 of Cd(ll). However, the CdO distances
(Table 1) are much longer compafédo those of other
complexes of Cd(ll) with oxygen donor ligands. This
indicates that the metal ion preferentially goes to thehd

of the cavity.

UV—Vis Absorption Spectroscopy. The cryptandL
exhibits absorption bands at 338 and 479 nm (Figure 2),
where the unsubstituted cryptahd does not absorb. The
lower energy absorption bandsfy = 13034 dni mol™!
cm™1) is assignabR® to the intramolecular charge transfer
(ICT) transition from the donor N atom &f to the acceptor
nitro group of the 7-nitrobenzo-2-oxa-1,3-diazole moiety,
which can accept the electron density in its available
symmetry orbitals. This ICT transition is found to be
solvatochromic in naturetf,.x = 460 nm in hexane, which

(23) Thompson, J. A,; Barr, M. E.; Ford, D. K.; Silks, L. A, IlI;
McCormick, J.; Smith, P. Hlnorg. Chem.1996 35, 2025.

(24) Fenton, R. R.; Gauci, R.; Junk, P. C.; Lindoy, L. F.; Luckay, R. C.;
Mechan, G. V.; Price, J. R.; Turner, P.; Wei,&5 Chem. Soc., Dalton
Trans 2002 2185.

(25) Ramachandram, B.; Samanta,JAPhys. Chem. A998 102, 10579.



Modulation of Fluorescence Signaling

Table 2. Emission Behavior of. in Various Solvents 05
/Iabs nm ’5 0.4
solvent (e, dm®*mol~1cm™1) Aem, NM oF g
hexane 460 (nd) 503 nd 2 03
cyclohexane 461 (nd) 507 nd e
toluene 474 (8909) 522 0.0343 £ |9
1,4-dioxane 475 (6875) 524 0.0220 @ 01
chloroform 481 (10561) 527 0.0168 S )
dichloromethane 483 (12253) 528 0.0327 & 00
tetrahydrofuran 479 (13034) 523 0.0019 s 00 05 10 15 20
ethyl acetate 475 (12903) 524 0.0074 2 Equivalents of Cd() added
ethanol 479 (23234) 530 0.0067
methanol 481 (20185) 535 0.0083 L~
acetone 483 (17558) 529 0.0031 350 400 450 500  5%0 600 650
acetonitrile 485 (12464) 530 0.0048
dimethylformamide 490 (25503) 534 0.0007 Wavelength (nm)
dimethyl sulfoxide 494 (26632) 540 0.0004 Figure 3. Corrected fluorescence spectiiay(= 338 nm) of the ligand.

(concentration 3.2 10-¢ M) in the presence of a stoichiometric amount

is 34 nm red-shifted in DMSO). The alkali and alkaline- of Cd(ll) ion in dry THF. Inset: ¢r vs the number of equivalents of Cd(Il)
. . dded toL.
earth metals do not show any change in the absorption aso°

they occupy the upper deck of the cryptand. Complexation ¢4 sition-metal ion. However, among the 3d-transition-metal
with transition- and heavy-metal ions, which occupy the g stdied, Zn(1l) shows the highest enhancement because
lower deck (N end), results in a small blue shiftt82 nm) ¢ jis nonquenching nature. Heavy-metal ions such as Ag(l),
of the ICT transmo_n, due to ty_'ng'uP of the lone pair on th? Cd(ll), and Pb(ll) exhibit appreciable enhancement. Among
donor N atom. T,h's small shift is becausg the cryptand 'S all metal ions studied, Cd(ll) shows maximum enhancement
mps_tly preorganized _and the conform.atlonal change is it respect to the metal-freé (~240-fold). Solution
minimal when a metal ion enters the cavity as fotricom complexation studies with, and Cd(ll) indicaté that the

our earlier X-ray crystallographic studies. metal ion forms a very stable inclusion complex. On titration
with Cd(ll), the intensity of the emission band gradually

Fluorescence Studies.The ligand L shows a weak
fluorescence although 4-chloro-7-nitrobenz-2-oxa-1,3-diazole j,reases and attains the maximum on the addition of 1 equiv
of metal ion. The¢r vs stoichiometry plot with Cd(ll)

is nonfluorescent in nature. This fluorescent behavior is due
indicates 1:1 complex formation (Figure 3).

to inhibition of the intersystem crossing (ISC) that is
?hperatl_ve_m %hlo(rjo-sukt)stltgte;jszgmpogﬁgsm Sr¥hTHFd. i The fluorescence quantum yields and extent of enhance-
d N emlsfs[[cr)]n a;}n cer; erefa _tnr; 'St tue Od era l'al[vements are collected in Table 3. When coordinating anions
ﬁcay.o' etc arg_lt_ah rafllns er excie .stae.tan IS solvalo-g o as I, SCN-, or N;~ are added to the solution
e o o W oo o g Conaning Gl ah Igard, e oresonce s com
. . T letely quenched. This is due to the fact that in the presence
nm in DMSO. However, this emission is low due to PET P yda P

. . . of any of these anions, the metal comes out of the cavity
being operative from the HOMO of the donor tertiary N atom and prefers to bind the receptor from the outdaway

to the excited fluorophoric moiety. The fluorescence quantum from the electron-withdrawing fluorophore. So, the lone pair

yield () is fognd to be higher in nonpolar t.han n .polar on the donor nitrogen atom is no longer engaged to the metal,
solvents. This is because the PET process is conS|deranyCausing restoration of the PET and quenching of the

Entr:ang_e@i’ !nta p(?[_lar med|u.m cliue toﬂchargehpole andt fluorescence (Table 3). The extent of quenching depends on
-bonding Interactions causing lower fluorescence quantum , coordinating ability of the counteranion toward Cd(ll).

yield. The absorptior? and emisgion' maxima and the fluo- Among all the counteranions used, SCékhibits the lowest
rescence quantum vyiel@d) of L in different solvents are fluorescence quantum yields{ = 0.0058), lowering the
gl\I/:eIn in Table 2'. the P f Metal lonsA emission almost to the level &f alone (Figure 4). When
uorescence I the Fresence of ietal fonsan en- /AgBF4 is added to the solution df containing Cd(Il) and
hancement of fluorescence occurs when a perchlorate SCN- (¢ = 0.0058), the fluorescence is mostly recovered

tetrafluoroborate salt of a transition/heavy-metal ion is added —,.. _ ;

. ; ) . This is because the Ag(l) binds SCidreferably over Cd(ll)
ol in d?_/hTHF F”e.d'“mb du(;e .to dl!SLl;Ft'ondtht.?tedpEIh and the Cd(ll) is left with BE~ anion, enabling it to enter
process. 1he emission band IS signtly red-shitted with cavity, engage the lone pair on the N atom, and snap the

_respect to that Of the mgtal-frdaeas aresult of a metal ion PET process. The excess Ag(l) present in the solution was
induced change in polarity around the fluorophore. Fluores- removed by adding NaCl in aqueous THF. Fluorescence

cence enhancement is found to be rather small with arecovery ¢+ = 0.3326) in this process is much higher

(26) Bharadwaj, P. KProg. Inorg. Chem2003 51, 251. compared to the situation when AgBE added td. (¢r =
(27) Uchiyama, S.; Takehira, K.; Kohtani, S.; Imai, K.; Nakagaki, R.; 0.1503). This confirms that the enhancement is due to Cd(ll)
Tobita, S.; Santa, TOrg. Biomol. Chem2003 1, 1067. entering the cavity. However, the enhancement is still lower

(28) (a) de Silva, A. P.; Gunaratne, H. Q. N.; Habib-Jiwan, J.; McCoy, C.
P.; Rice, T. E.; Soumillion, JAngew. Chem., Int. Ed. Endl995 34,

1728. (b) Yorozu, T.; Hayashi, K.; Irie, Ml. Am. Chem. S0d.981, (29) Bazzicalupi, C.; Bencini, A.; Bharadwaj, P. K.; Bandyopadhyay, P.;
103 5480. (c) He, T.; Xu, T.; Zhao, Y.; Chen, @.Chem. Soc., Perkin Giorgi, C.; Vatancoli, B.; Biswas, D.; Butcher, R. Bur. J. Inorg.
Trans. 21999 545. Chem 200Q 2111.
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Table 3. Fluorescence Quantum Yield &f in the Presence of Different lonic Inpéts

ionic input solvent s fluorescence enhancement
THF 0.00189 1 (standard)
THF:H,O = 9.5:0.5 0.00192 ~1

Mn(Il) THF 0.1387 74
Fe(ll) THF 0.1200 64
Co(ll) THF 0.0842 45
Ni(ll) THF 0.04538 24
Cu(ll) THF 0.05791 31
zn(ll) THF 0.18008 95
Ag(l) THF 0.1503 80
Pb(Il) THF 0.2088 111
Cd(ll THF 0.4567 242
H THF 0.02784 14
2,6-ditert-butylpyridine (DBP) THF 0.0019 ~1

Cd(ll) + KSCN THF 0.00576 3
Cd(Il) + KSCN THF:HO =9.5:0.5 0.00559 3
Cd(Il) + NaNs THF:H,O = 9.5:0.5 0.01751 9
Cd(Il) + NH4PFs THF 0.32459 172
Cd(ll) + NacCl THF:HO =9.5:0.5 0.0536 28
Cd(ll) + KSCN + Ag(l) THF 0.3326 175
Cd(ll) + KSCN+ Ag(l) + NaCl THF:H,0 = 9.5:0.5 0.3497 185
Cd(ll) + KSCN+ Ag(l) + DBP THF 0.38178 202
Cd(Il) + KSCN+ Ag(l) + DBP + NaCl THF:HO = 9.5:0.5 0.442 234

aExperimental conditions: medium, dry THF; concentration of free ligand x320-¢ M; concentration of ionic input, 3« 107> M; dex = 338 nm;
excitation band-pass, 5 nm; emission band-pass, 5 nm; temperature, 2p&lcalculated by comparison of the corrected fluorescence spectrum with that
of quinine sulfaten 1 N H;SO4 (¢ = 0.54) by taking the area under the total emission.

ments were carried out. In the metal-free state gthedoes

not change or increases by a negligible amount on changing
the solvent from dry THF to aqueous THF (THR®I=

9:1 v/v). In the presence of HCIO(1 x 1072 M), the
fluorescence is enhanced by a factor of 14 in dry or aqueous
THF medium. Moreover, different metal ions give different
extents of enhancement. If the proton generation in the
medium by the metal salts were responsible, then the extent
of enhancement should have been almost the same in all the
cases.

Intensity (arbitrary units)

Conclusion

A
1 T 1 T 1

350 400 450 500 550 600 650

Wavelength (nm)

In conclusion, we find that when the cryptand is func-
tionalized with an electron-withdrawing fluorophore, it
behaves as a fluorescence on/off signaling system by

Figure 4. Fluorescence spectra bf(a) alone and (d) in the presence of translocating Cd(Il) inside and outside the cryptand cavity.
Cd(ll) in dry THF at 3.2x 10°% M concentration. When KSCN is added,

the emission comes back to (b), and on further addition of Ag(l) fluorescence This translocation is englneered by varying Coordmat'ng

enhancement results (c). tendencies of the counteranions. We are presently probing

some other fluorescence on/off signaling systems based on
compared to the situation when Cd(G)®is added tol, acyclic receptors. This system can also be made potentially
which could be due to protons generated in the system.yseful as an anion sensor. We are presently working in this
Interestingly, when we add AgBRo the solution ofL direction.

containing Cd(ll) and SCN(¢r = 0.0058) followed by NaCl

in aqueous THF in the presence of a noncoordinating basethA%(nOW,l[edgTe?t's Emanmal jqupohrt f?r thls,\\l/vork[;‘r?rrp .
such as diert-butylpyridine, the fluorescence recovery is € Department of science and 1echnology, New Deinl, 1S

almost the samapt. = 0.442) as was initially obtained upon gratefully'acknowledged. B.P.B.. thanks CSIR, New Delhi,
cd(ll) inclusion. for a Senior Research Fellowship.

Controlled Experiments. The metal perchlorate salts are Supporting Information Available: Crystallographic data of
hydrated and can generate protons in organic solvents. Thel (CIF) and characterization of the ligandincluding FABMS,
generated protons can engage the lone pair on N throughl3c NMR, *H NMR, and UV~vis spectral data and fluorescence
protonation, causing fluorescence enhancement. To Verifyspectra (PDF). This material is available free of charge via the
that the fluorescence enhancement is due to the metal jonMernet at http://pubs.acs.org.
and not because of protonation, certain controlled experi- 1C049725K
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