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Abstract: We have investigated the interaction of &dons (as nitrate salt) with dendrimers of the poly-
(propylene amine) family functionalized in the periphery with fluorescent dansyl units. Each dendbmer
where the generation numbegoes from 1 to 5, comprise$"2) dansyl functions in the periphery ant )

— 2 tertiary amine units in the interior. For comparison purposes, the behavior of a monodansyl reference
compound k) has also been investigated. The results obtained have shown that: (i) the absorption and
fluorescence spectra of the reference compduaigk not affected by addition of €bions; (ii) in the case of

the dendrimers, the absorption spectra are unaffected, but a strong quenching of the fluorescence of the peripheral
dansyl units is observed; (iii) the fluorescence quenching takes place by a static mechanism involving
coordination of metal ions in the interior of the dendrimers; (iv) metal ion coordination by the dendrimers is
a fully reversible process; (v) a strong amplification of the fluorescence quenching signal is observed with
increasing dendrimer generation. For the larger dendrimets3, 4, and 5), at very low metal ion concentration

1:1 metal/dendrimer species are formed, in which thé*Gon guest quenches each one of the dansyl units
that becomes excited after light absorption.
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active components can allow the dendrimer to perform specific time-correlated single-photon counting (0.5 ns time resolution) with

functions, and (ii) changes in the properties of the photoactive an Edinburgh Instruments DS199 equipmert KBnp, Zex. = 340 nm),

components can be exploited to monitor the participation of and a spectrofluorometer FLUOROLOG Spex FLR3L equipped with

dendrimers in chemical processes. Continuing our investigations@ Phase-shift Tau 3 unit capable of measuring luminescence lifetimes

in this field ;' we have decorated the periphery of poly(propylene with 10 ps time reSOIUt'O.n' )

amine) dendrimers with fluorescent dansy! units, and we have m;(?;uerft'jr:;%;)egnet);f’ee';:qngle;tz"b:;:;;%narcaozéﬁi';?; n;’fog'eonb;ld

studied their interaction with metal ions. The f‘?rm”"”!s of the fluorescer;ce qguantum yield, aaeb% on the fluorescence lifetime.

monodansyl reference compoundand of the investigated

dendrimers are shown in Figure 1. Each dendrinﬂ_rwhere Results and Discussion

the generation numbar goes from 1 to 5, comprises"2

dansyl functions in the periphery an"®) — 2 tertiary amine Reference Compound and Uncomplexed Dendrimersn

units in the branches. acetonitrile/dichloromethane 5:1 v/v solution, the reference
An investigation of the interaction between thig dendrimers ~ compound and thenD dendrimers exhibit intense absorption

and metal ions is interesting for the following reasons: (i) the bands in the near UV spectral regiotnx = 253 and 339 nm,

nD dendrimers, because of the presence of a great number ofmax = 12 200 and 3940 M cm™, respectively, fod) and a

amine groups in the interior, should easily coordinate metal ions; strong fluorescence band in the visible regidpn# = 514 nm,

(i) by using a metal ion capable of quenching the dansyl ® =0.30,7=12ns, forl).12f The absorption and fluorescence

fluorescence, the presence §f2 dansyl groups appended in band maxima for the dendrimers (see, e.g., the spectra of

the periphery of the dendrimers can offer a unique opportunity dendrimerD in Figure 2) occur at the same wavelength as for

to observe amplification effects in the fluorescence quenching the reference compound. Along the dendrimer family, the molar

signal; (iii) the results of the fluorescence quenching experiments absorption coefficient increases linearly with increasing number

can provide information on the coordination properties of the Of dansyl units (Figure 3a), but thevalues for the two larger

polytopic dendritic ligands. dendrimers are a little smaller than expected. For example, for

Preliminary experiments were carried out by using?Go  dendrimer5D the e values (690 000 M' cm™* at 253 nm,
Cw2+, and Zr* ions. In the case of Co, reversible formation ~ 222000 Mt cm™* at 339 nm) are about 11% lower than
of complexes with the various dendrimers and quenching of expected for 64 dansyl units, taking compouras a reference.
the fluorescence of the appended dansyl units were observed!f One takes as a reference one-fourth of ¢healue found for
Cw?* was found to undergo an irreversible chemical reaction 1D, the e value ofSD is only 2% lower than expected. The
with the dansyl groups. 2 did not cause any change in the slight d(_acrease in thevalue on increasing generation may be
fluorescent properties of the dendrimers. Therefore, we decideddue to (i) a few defects in the structure of the commercial poly-

to perform systematic experiments only withdons. (propylene amine) dendrimers before dansyl functionalization,
Some results on the interaction of Tdons with dendrimer (ii) the failure to achieve 100% yield in the functionalization
4D have been reported in a preliminary communicatin. reaction, and/or_(m) a ;Ilghtly pln‘ferent “sqlvatlon" environment
of the dansyl units on increasing generation. The last hypothesis
Experimental Section is not unlikely since (a) the flexibility of the dendrimer branches

_ _ can allow folding for the dendrimers of higher generatitifs?
The dansylatesD compounds (Figure 1) were obtained from the  anq (p) the electronic transitions responsible for the absorption
reaction of commercial poly(propylene amine) dendrimers (BASF-AG 54 emission bands, because of their charge-transfer nature, may
for generation +3, DMS for generation 4 and 5) with dansyl chloride be influenced by thé environme#tThe small changes in thé

(Merck) 1118 Notice that the dendrimer core is a 1,2-diaminoethane fl t ield and th dest i f th
group for generations-13 and a 1,4-diaminobutane group for genera- uorescence quantum yield an € modest Iincrease of the

tion 4 and 5. Co(NG),*6H,0 was a commercial, high purity reagent. ~ €XCited state lifetime on increasing dendrimer generation (Figure
The absorption spectra and photophysical properties (fluorescence3b, 3€) are consistent with the presence of very slight environ-
spectra, quantum yields, and excited-state lifetimes) were studied in mental effects. In all cases the fluorescence decay strictly obeyed
acetonitrile/dichloromethane (5:1 v/v) solution where even the largest a first-order kinetics. This, of course, does not exclude the
dendrimer is soluble enough to be studied. Titration experiments with presence of short components that cannot be revealed by our
Co(NG;)2-6H.0 were followed by absorption, emission, and lifetime  equipment. Taken together, these results suggest that, even in
measurements. ) _ the largest dendrimer, the interaction among the dansyl groups
UV —vis absorption spectra were recorded with a Perkin-Elbéer s at most, very small and that the tertiary amine units do not

2?55::;2222”"‘;teg(’:trficvgergug&zaiﬁ:gs W"i‘;ﬁh ap?:'tgrlﬁngme%ol_ SC’QO cause any quenching effect on the fluorescent excited state of
P the peripheral dansyl units.

spectrofluorimeter, equipped with a Hamamatsu R928 phototube, on .
air-equilibrated solutions. The fluorescent intensity was measured by  FOr the dansyl unit (hereafter called DANS) the energy of
exciting at 345 nm and was corrected for inner filter effects when the fluorescent excited state, as estimated from the onset of the

necessar}? Fluorescence quantum yields were measured following the €mission band, is about 2.76 eV. Electrochemical experiments
methods of Demas and CrogBy(standard used: quinine sulfate in  in acetonitrile solution have shown that compounddergoes
0.5 M H,SQ;, @ = 0.55)?! Fluorescence lifetimes were measured by a chemically irreversible one-electron oxidation process; (

(16) (a) Hofkens, J.; Latterini, L.; De Belder, G.; Gensch, T.; Maus, M.; about 0.9 V'vs SCE.’ as estimated by d!gltal simulation), and a
Vosch, T.; Kami, Y.; Schweitzer, G.; De Schryver, F. C.; Hermann, A.; one-electron reduction process, reversible only at low temper-

Mullen, K. Chem. Phys. Lett1999 304, 1. (b) Gensch, T.; Hofkens, J.;  ature (~40°C) with E;p = —2.02 V (vs SCE). It follow3® that
Heirmann, A.; Tsuda, K.; Verheijen, W.; Vosch, T.; Christ, T.; Bdsdhe

Mullen, K.; De Schryver, F. CAngew. Chem., Int. EA.999 38, 3752. (22) For some recent papers, see: (a) Nelissen, H. F. M.; Venema, F;
(17) Maruo, N.; Uchiyama, M.; Kato, T.; Arai, T.; Akisada, H.; Nishino,  Uittenbogaard, R. M.; Feiters, M. C.; Nolte, R. J. 81.Chem. Soc., Perkin

N. Chem. Commuri999 2057. Trans. 21997 2045 (b) lkeda, H.; Nakamura, M.; Ise, N.; Oguma, N.;
(18) Archut, A.; Gestermann, S.; Hesse, R.; Kauffmann Cgtié F. Nakamura, A.; Ikeda, T.; Toda, F.; Ueno, A.Am. Chem. Sod996 118

Synlett.1998 546 8, 980. (c) Ikunaga, T.; Ikeda, H.; Ueno, &hem. Eur. J1999 5, 2698.
(19) Prodi, L.; Credi, ASpectrochim. Acta A998 54, 159 (23) (a) Gilbert, A.; Baggot, Essentials in Molecular Photochemistry
(20) Demas, J. N.; Crosby, G. A. Phys. Chem1971, 75, 991. Blackwell, London, 1991, Chapter 5. (b) Murov, S. L.; Carmichael, |.; Hug,

(21) Meech, S. R.; Phillips DJ. Photochem1983 23, 193. G. L. Handbook of Photochemistripekker: New York, 1993.
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Figure 1. Structure formulas of the monodansyl reference compduaad thenD dendrimers
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Figure 2. Absorption (full line) and fluorescence (dashed line) spectra Figure 4. Effect of addition of C&" ions on the fluorescence intensity
of dendrimer4D in acetonitrile/dichloromethane (5:1 v/v) solution at of the reference compounidand of thenD dendrimers at constant
room temperature. The fluorescence spectrum has been obtained b%oncentration of the dansyl units (([DANS] 1.5 x 10-% M)

excitation at 345 nm.
Table 1. Some Relevant Fluorescence Quenching Data

number of DANS units
48 16 32 64 [Co?)  [Co*)  [Co*t)/ [DANS]/
20 5 : nD DANS® 10°%M [DANS] [nD] N® [Co?]d
R : ;c 1D 4 0.95 0.0063 0.025 0.05 e8
2 5 | R T 7.5 0.05 0.2 0.33
~ ' * + + % 19 0.13 0.5 0.47
e %* L1 : : 2D 8 047 00031 0025 005 16
w4 : 7.5 0.05 0.4 0.53
IR : 38 0.25 2.0 0.68
3D 16 0.47 0.0031 0.05 0.05 16
7.5 0.05 0.8 0.66
38 0.25 4.0 0.77
4D 32 0.24 0.0016 0.05 0.05 32
7.5 0.05 1.6 0.71
24 0.16 5.0 0.78
5D 64 0.12 0.0008 0.05 0.05 64
7.5 0.05 3.2 0.73
23 0.16 10 0.86
a8 CH3CN/CH,CI, (5:1 v/v) solutions. Under the experimental con-
ditions used, no fluorescence quenching was observed!.fdn
0 o : all experiments the concentration of dansyl units was [DANS]
1:1): 1D 4D 5D 1.5 x 104 M. Accordingly, the concentration of theD dendrimers
I g was (1.5/219) x 10~* M. ® Number of dansyl units in each dendrimer.

. 2D _ o ¢ Efficiency of fluorescence quenchind; ¢ 1)/1°, which is also equal
Figure 3. Molar absorption coefficients (a), fluorescence quantum to the fraction of quenched DANS units, [DANSDANS];o. @ Number
yields (b), and fluorescence lifetimes (c) of the reference compbund of DANS units quenched per €o ion. ¢ Stoichiometry of C&"
and of thenD dendrimers. complexation: [CafD);]?" for n =1, 2; [CofD)]?" forn= 3, 4, 5.

) ) . M, as Co(NQ)2:6H,0) to a 1.5x 10~* M solution of| did not

the fluorescent excited state of DANS is a weak oxidant, cause any change in the absorption and fluorescence properties
E(*DANS/DANS™ ~+ 0.7 V) and a strong reductai(DANS"/ (Figure 4).
*DANS) ~—1.9 V). These data account for the observed lack  Then, we have systematically investigated the behavior of
of quenching of the dansyl fluorescence by the tertiary amine the nD dendrimers upon addition of Co(NJ2-6H-0. In a first
units contained in the interior of the dendrimer, since tertiary geries of experiments, the concentration of eabhdendrimer
amines (i) have no excited state below 2.76 eV, (ii) are rather a5 (1.5/#D) x 104 M, to have in all cases the same concen-
difficult to OX|d|ze3b(OX|da.t_|.on of tertiary amine occurs around tration of dansyl units as in the experiments performed on the
F11Vvs SCE}* and (iii) cannot be reduced up t63.0 V. yeference compounti Under such conditions, we found that
vs SCE* It is well-known, however, that the dansyl fluores-  aqgition of Cé* ions caused a strong quenching on the fluo-
cence can be quenched by transition metal ions via energy andfescence intensity of the dansy! units appended at the periphery
or electror_l-transfer proces_s’és. _ of the dendrimers (Figure 4), without affecting their absorption

Quenching of the Dendrimer FluorescenceWe have first  gpectra. A selection of the fluorescence quenching data obtained
examined the behavior of the monodansyl reference compoundi, these and other experiments is given in Table 1.
I, and we have found that addition of €o(up to 7.5x 10~ We have also found that, in all cases, if excess triflic acid is

(24) Electrochemical studies performed in our laboratory on tributylamine @dded to a metal-ion loaded dendrimer solution, full recovery
in tetrabutylammonium hexafluorophosphate/tetrahydrofurane solution at of the fluorescence of the protonated dendrimer is obséeifed,
room temperature. . showing that coordination of Co is a reversible procegs.

(25) See, e.g.: (a) Schuster, M.; Sandor, Mresenius’ J. Anal. At cognstant C8" (7.5 x 10-° M) and DANS (1p5>< 104

Chem 1996 356, 326. (b) De Santis, G.; Fabbrizzi, L.; Licchelli, M.; ) v k
Sardone, N.; Velders, A. HChem. Eur. J1996 2, 1243. (c) Prodi, L.; M) concentrations, corresponding to a 1:20 ratio between

Bolletta, F.; Montalti, M.; Zaccheroni, NChem. Eur. J1999 5, 445. (d)
Fabbrizzi, L.; Licchelli. M.; Parodi, L.; Poggi. A.; Taglietti, Aur. J. Inorg.
Chem 1999 35.

(26) The protonated dansyl units show a fluorescence bandiwith=
335 nm!f
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Figure 5. Effect on the fluorescence intensity caused by the addition
of 7.5 x 1078 M Co?" to solutions containing 1.% 1074 M DANS in
the form of reference compourndand of thenD dendrimers (for more = 05 4
details, see text). —= N 3D
\\ v v
the number of C# ions and DANS units, the efficiency of 0.0 ‘ 2 3 "‘ X
0 1

the fluorescence quenching (i.e., the fraction of DANS units
qguenched) increases with increasing dendrimer generation: 0.33 [Co™]/ [nD]
(1D), 0.53 @D), 0.66 @D), 0.71 @D), 0.73 6D) (Table 1, Figure 6. Effect of addition of C&" ions on the fluorescence intensity
Figure 5). This shows that the quenching effect is magnified as of the 1D, 2D and3D dendrimers at constant concentration of the dansyl
the dansyl units are assembled in a smaller number of largerunits ((DANS] = 1.5 x 107 M).
structures.

As shown in Figure 4, for each dendrimer the quenching

efficiency increases with increasing €oconcentration, until  Metal-ion coordination have to be the aliphatic amine groups

a plateau value is reached. In the casébf the maximum  Which are present in the interior part of the dendrimers (Figure
fluorescence quenching efficiency obtained at high?Co 1). Once metal coordination has occurred, que_nchmg can t_ake
concentrations is 0.86 (Table 1), which means that, as anPlace by both energy- and electron transfer since the excited
average, 55 out of the 64 dansyl units appended to eachStateé of the dansyl unit is a good energy- and electron donor
dendrimer present in the solution can be quenched. At first sight, (vide supra) and Co(l) amine complexes have several low-
the quite similar behavior 8D and4D (Figure 4) could look ~ ©Nergy excited statésand are easy to oxidize. o
surprising. This is likely related to the fact that in going from Metal lon Loading. If the fluorescence quenching efficien-
3D to 4D there is not only a change in the generation number, Cies are plotted against the [Ed/[nD] ratio (Figures 6 and 7),
but also a change in the core, which is a 1,2-diaminoethanethe results obtained throw light on the stoichiometry of the
group for1D, 2D and 3D and a 1,4-diaminobutane group for _complexes of the small den(_:irimers Qnd on the meta_l ion loading
4D and 5D (Figure 1). This difference in the core structure N the large dendrimers. In interpreting the results, it should be
apparently plays a role in determining the coordination ability. considered that there is a competition for metal ions between
Quenching Mechanism.Since the addition of Go ions, dendrimer coordinating sites, on one hand, and water molecules
even at higher concentrations, has no effect on the fluorescencénd nitrate counterions, that are added together with the metal
of the monodansy! reference compouid the quenching 10N, on the other hand. At very low [€0)/[nD] ratios, the
observed for the dendrimers (Figure 4) cannot be attributed to number of dendrimer coordination sites is much larger than the
a dynamié® process, but it must originate from coordination of Number of water molecules and anions, but at hig? {ginD]
metal ions by the dendrimers. In this way, metal ions are within 'atios the reverse is true. Therefore, a change can be expected
the interaction sphere of the excited dansyl units and cause al" the nature of the species containing the metal ion on
static quenching. It is well-known that the absorption and increasing C&" concentration.
fluorescence bands of the dansyl chromophoric group are charge The smallest dendrimetD (Figure 1) can be viewed as a
transfer in character; therefore, they should be affected if metal bidentate, ethylenediamine-type ligand with appended four
coordination by the dendrimer takes place at the amine units of fluorescent dansyl units. The plot of Figure 6 shows that for
the dansyl group® Since the positions of the band maxima do 10w Co** concentrations ([C8]/[1D] = 0.2) the fluorescence

not change on addition of @b, the ligand sites responsible for ~ intensity decreases linearly with increasing fCo In this
concentration range, each €don quenches 8 dansyl units, as

(27) For a recent example of pH-controlled release of a guest from poly- 4 : — ;
(propylene amine) dendrimers, see: Pistolis, G. Malliaris, A.; Tsiourvas, it is also shown by the [CO}/[1D] 0.5 value obtained by

D.: Paleos, C. MChem. Eur. J1999 5, 1440. extrapolating the linear behavior observed for {94 1D] =
(28) That dynamic quenching cannot account for the observed results 0.2 to I/I° = 0. This result indicates that at low €o
was also expected on the basis of the St&folmer equation (see, e.g., concentrations (i1D is exclusively present as [CHD);]2*, and

ref 23a): since the lifetime of the fluorescent excited state of the dansyl ... . . . .
unitis around 12 ns, the metal ion concentration is too small to cause sizable (il) N this complex each dansyl unit of the twtD ligands,

effects even in the case of a diffusion controlled quenching process with when it is excited?? is quenched by the metal ion. At high €o

kg=1x 109M-1sL,
(29) Protonation of the amine units of the dansyl groups of the dendrimer ~ (30) Jorgensen, C. KAdv. Chem. Phys1963 5, 33.

is known to cause strong changes in the absorption and fluorescence (31) Cotton, F. A.; Wilkinson, G.Advanced Inorganic Chemistry

spectratlf Wiley: New York, 1980.
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0.4 1 00 Figure 8. Schematic representation of (a) a conventional fluorescent
00 0.5 10 sensor and (b) a fluorescent sensor with signal amplification. Open
02 1 5D . rhombi indicate coordination sites and black rhombi indicate metal ions.
The curved arrows represent quenching processes. In the case of a
0.0 ‘ ' ' ' dendrimer, the absorbed photon excites a single fluorophore component,
0 2 4 6 8 10 that is quenched by the metal ion, regardless of its position5Bpa
[Co*]/ [nD] Co?* ion quenches each one of the 64 dansyl units of the dendrimer
(Figure 7).

Figure 7. Effect of addition of Cé" ions on the fluorescence intensity
of the 4D and 5D dendrimers at constant concentration of the dansyl
units ((DANS] = 1.5 x 1074 M). Inset shows the results of a detailed

investigation at low C& concentration all the dansyl units to be in the interaction sphere of the metal

ion. Contrary to what happens for the smaller dendrimers (Figure
6), the quenching efficiency continues to increase for]{QYo
concentrations the relative fluorescence intensity does not fall [5D] values higher than 1 (Figure 7). It seems likely that, on
to zero, but reaches a plateau value of about 0.5. This may beincreasing C#&" concentration, species containing more than one
due to incomplete complexation of tHé ligands which, at ~ metal ion per dendrimer are formed, as was recently found for
high C&* concentrations, have to compete with a large number poly(amidoamine) dendrimefs The non-zero plateau value
of water molecules and counterions. at high C8" concentrations may be due again to the interference
In the case o2D, thel/I° vs [Cc**]/[2D] plot (Figure 6) is by water molecules and counterions. That the counterion can
similar to that found forlD. The straight line that interpolates  play a role at high C8 concentrations is shown by the fact
the points obtained at low €b concentrations crosses again that when the titration is performed in the presence of an excess
the [Ca*]/[2D] axis at a [C8"]/[2D] value of about 0.5, which  of nitrate ions (added as tetraethylammonium salt), the plateau
means that, under such conditions, complexes with 1:2/Co  1/1° value reached is higher, and the slope of the initial part of
2D stoichiometry are mainly formed, and that in such complexes the plot is lower. Furthermore, the titration curve is somewhat
each one of the 16 dansyl units of the t&D ligands, when it different when the metal ion is added as a chloride salt.
is excited, is quenched by the metal ion. On increasingCo Sensory Signal Amplification. In the past few years there
concentrations, it is likely that complexes of 1:12C@D has been a great development in the field of fluorescent
stoichiometry are formed. The plateau value of about 0.70 for chemosenso®. These compounds are usually made of a
the quenching efficiency may again be due to incomplete fluorescent unit connected with a receptor. Coordination of a
complexation o2D in the presence of a large number of water substrate by the receptor affects the fluorescent properties of

molecules and counterions. S _ the fluorophore. For example (Figure 8a), the substrate can cause
For the3D dendrimer, the straight line that interpolates the quenching of the excited state of the fluorophore by energy or
points at low Cé" concentrations crosses the fCH[ 3D] axis electron transfer, switching off the fluorescent signal. Because

at a value close to 1 (Figure 6). This suggests that 1:1 complexesof its strong fluorescence, the dansyl group is often used as a
are formed since the beginning, with practically complete fluorophore for sensory purpos#s.
quenching of each excited dansyl unit contained in 3 A most important property of a fluorescent sensor is, of
ligand. On increasing G6 concentration, a non-zero plateau course, sensitivity. We have seen that in the dendrimers studied
is reached, most likely for the above-mentioned interference in this paper coordination of a metal ion can cause the quenching
by water molecules and counterions. of a great number of dansyl units, as schematized in Figure
For the two larger dendrimesD and5D, thel/I®vs [Ca*]/ 8b32 This leads to a strong amplification of the sensory signal.
[nD] plot becomes smoother (Figure 7). At very low®0  In the case of5D, at low C&" concentrations a Go ion
concentration (Figure 7, insets), the slope of the curve corre- quenches each one of the 64 dansyl units of the dendrimer. Such
sponds to the formation of 1:1 species in which practically each - . - . .
excited dansyl unit is quenched, regardless of its position in | ﬁf)&?gﬁ;féeg% A,v'l'.;d,ac%lc‘)’;' s S::g;ﬁg‘;ék';; Q. N AL%'ggh P
the dendritic structure. This suggests that upon metal coordina-curr. Chem.1993 168 223. (b) de Silva, A. P.; Gunaratne, H. Q. N.;

tion the dendrimer shrinks around the metal, thereby allowing Gunnlaugsson, T.; Huxley, A. J. M.; McCoy, C. P.; Rademacher, J. T,;
Rice, T. E.Chem. Re. 1997 97, 1515. (c) Desvergne, J. P., Czarnik, A.
(32) It should be noted that under the experimental condition used, W., Eds. Chemosensors of lon and Molecule Recognijtitduwer:
simultaneous multiexcitation processes are unlikely to occur. Therefore, Dordrecht, 1997. (d) Beer, P. Bcc. Chem. Re4998 31, 71. (e) Fabbrizzi,
even in the larger dendrimers, the dansyl units are excited (and quenched)L.; Licchelli, M.; Pallavicini, P.Acc. Chem. Red.999 32, 846. (f) Prodi,
one at a time. L.; Bolletta, F.; Montalti, M.; Zaccheroni, NCoord. Chem. Re, in press.
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a signal amplification effect is similar to that previously of the fluorescence quenching signal (Figure 8b), a phenomenon
observed for polymeric chains of sensétsThe problem of previously observed for polymeric chains of sensors (sensory
designing dendrimers capable of coupling sensitivity with metal signal amplification). In the case 6D, at low C&" concentra-
ion selectivity is currently under investigation in our laboratories. tions a C3" ion quenches each one of the 64 dansyl units of

. the dendrimer. Optimization of these systems requires the
Conclusions coupling of sensitivity with selectivity. We are currently

We have shown that poly(propylene amine) dendrimers d.esigning.dendritic structures where only one selective coor-
functionalized in the periphery with dansyl units can reversibly dination site is present.
coordinate Cé" ions. Complexation of the metal ions causes
the quenching of the fluorescence of the dansyl units appended Acknowledgment. This work has been supported by
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coordination sites. This effect leads to a strong amplification
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