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Luminescence from lanthanide (Ln) complexes has been widely Scheme 1. Ternary Complex Formation in Solution

exploited in bioassaysThe longevity of such luminescence permits 0

the use of time-gating techniques to separate the signal from le}

fluorescent backgrouri® Europium and terbium complexes, which Y(\N/— |

emit visible light with millisecond-order lifetimes, have been OI\NL"Nj

especially well-exploited-® However, the high-energy emissive H\_/ \/§O

states of such species restrict the range of sensitizing chromophores ~ Ln(L?)

available and limit the sensitivity of assays in vito. —
Recent developments in luminescence spectroscopy have opened HO |2+

the way for solution-state spectroscopy of'Lions which emit 0

light in the near-IRR~1° When compared with Etior TH", such = =

ions have lower-energy emissive states and can therefore be N N\

combined with chromophores which absorb visible light. Excitation N’\’;M:‘::“N

can then be accomplished outside the range of biological absorption, @—@

offering the potential for improved detection limits in bioass#lys. v—\\/
Attention has recently turned to the use of d-block complexes L _

as sensitizers for near-IR-emitting lanthanides. When using an
emissive sensitizer, electronic energy transfer results in the attenu-

ation of its emission, combined with the growth of the Ln-based {ination to a Ln center. To our knowledge,'@hromophores have
signal. Such an approach could be readily applied to probes, sensorspever been used previously to sensitize Ln emissions. For the Ln
and assays. The range of chromophores described to date includegcceptor' we chose Yh Nd"', and EM, the emissive properties
complexes of RY!? Cr','¥ and P{,1415 as well as ferrocenyl  of which are well-characterized. By using complexes derived from
derivatives'? However, the requirement for time-consuming syn- DO3A, Ln(L?), which contain no sensitizing chromophore, it is
thetic procedures has tended to limit the variety of complexes possible to use the luminescence from the metal center to probe
investigated, and any photophysical complications are manifestedihe |n coordination environment by using established parameters
only when the final system is studied. For example, complications tg calculate inner sphere hydration numbegs2{22
can arise from reversible energy transfer from the chromophore to Ternary complexes were formed in methanol solutions by mixing
Lni¢ or from difficulties in separating the Ln emission from the the d-block metal-containing components with LA(In equimolar
tail of the metal-to-ligand charge-transfer (MLCT) emisstékve quantities (as shown for the Ru or Os complexes in Scheme 1).
have attempted to address these difficulties by using relatively These complexation processes were clearly evidenced in solution
simple heteronuclear complexes to test the feasibility of a given by 'H NMR: upon titrations with the Ln complexes, paramagnetic
sensitizer;**°but this approach is also limited in scope, since the |ine proadening was invariably observed for the bpy resonances of
complexes dissociate in protic solvents. the d-block complexes. In all of the cases studied, the luminescence

We have previously shown that seven-coordinate Ln complexes from the MLCT state of the d-block chromophore is attenuated
associate with aryl carboxylates to afford ternary complexes in ypon addition of the Ln complex, whilst the Ln-derived emission
which the aryl group acts as a sensitizéHere we report the self- appears in the near-IR. The results of the whole series of
assembly of heterobinuclear-icomplexes in protic media, using experiments are shown in Table 1, together with the deriyed
an approach which permits unprecedentedly rapid and effective yajyes. A representative emission decay trace is shown in Figure 1.
screening of sensitizing chromophores. The EF complexes proved to be somewhat problematic. Due

Various d-block complexes can be used as potential sensitizers io facile nonradiative quenching of the'Ecentered emissive states
and an equally wide range of Ln ions can act as potential energy py jnner- and outer-sphere - oscillators. Thus, while Ef-
acceptors. For the purposes of this study, we chose well-studiedcentered emissions can be observed in deuterated media, the signals
2,2-bipyridyl (bpy) complexes of ReRu', or Od'. The complexes  getected in CHOH are too weak to permit measurement of the
facRECI(COxL?, [Ru'(bpy)L']?*, and [O(bpy)L']** (Lt = luminescence lifetimes. This implies that'Ecomplexes are likely
4'-methyl-2,2-bipyridyl-4-carboxylic acid) are known to be lumi-  tg pe of limited utility in protic media until more sensitive detectors
nesceri2% and possess carboxyl substituents which allow coor- ¢gn pe developed.

In the case of the Y complexes, significant overlap is observed
between the L# emissions and those from the MLCT states. In

[M(bpy)sL'1?* (M = Ru or Os)
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Table 1. Luminescence Lifetimes and Calculated Ln Inner Sphere gating. For the Rucomplex, the luminescence lifetime of the'Nd

Hydration Numbers (qun) for the Temary Complexes (1ex = 337 center is very similar to that of the RUMLCT state; signal

nm) separation can only be achieved by studying the relatively weak

complex® Aen/nm Teraonns Teooo/NS Qo emission at 1340 nm where the MLCT signal is negligible.
ReCI(CO)(LYNd'" (L2 1055 353 754 0 In summary, we have developed an approach that allows
Sgg:(ggh(ﬁ)sg'l'll('fg 1328 L850 437%84 o6 screening of large numbers of heteronucleaf domplexes without
Ru”(b(py)flfl)lzld”'(lfz)”z 1340 174 213 0.6 recourse to often difficult and time-consuming syntheses. Our results
RU! (bpy)(LHEr (L2)*+ 1530 427 - suggest that difficulties_ with Qetecti.ng the emission frorﬁ' re
RU' (bpy)(LY)Yb" (L2 980 319, 1998 9602 0.7 likely to rule out its use in protic media and that short-lived emissive
8§:EEPV))§&1;E?|'I”(£LZ§): iggg 237 fgg 0.3 MLCT states based on Rer Od' are more suitable as donor
py r - . .

O8I (bpy (LY YD (L) 980 1.38 8192 11 chromophores when compared with'Repecies.
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