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Novel complexes 1 and 2 based on N-heterocyclic carbenes, which
are analogous to Ru(bpy)s?* and Ru(terpy),?*, respectively, were
synthesized. The complex, which is analogous to Ru(terpy).?*,
exhibited promising photoluminescence properties with a long
lifetime of 820 ns in acetonitrile and 3100 ns in water at room
temperature, respectively. In addition, ab initio calculations were
carried out.

larly useful for the design of linear multimetallic component
systems. However, in contrast to Ru(bgy) the complex
Ru(terpy)?t has not attracted a great deal of attention as a
result of its poor photochemical properties (in particular, very
weak luminescence and short excited state lifetimes at room
temperature, rt). In order to improve the lifetime of the
excited state of Ru(terpy?) at rt, many theoretical explana-
tions have been proposed, and various experiments have been
attempted. For example, the entrapment of Ru(terggy)in

Complex Ru(bpyy* and its derivatives have received Y-zeolite dramatically increased ti®ILCT state lifetime
considerable attention as potential chromophoric components(140 ns in an aqueous suspension ati§ome Ru(terpyf"
in such diverse research fields such as light emitting devices,derivatives exhibited lifetimes of 200 ns at room temperaiure.

artificial photosynthesis, light emitting sensors, ttdow-
ever, complexes of the Ru(bpy) family are unsuitable for

Recently, N-heterocyclic carbene (NHC) ligands have
become universal ligands in organometallic and inorganic

the construction of supramolecular systems, from geometric chemistry* Because of their specific coordination chemistry,

and synthetic viewpointsFrom the purely structural and

NHCs stabilize and activate metal centers and, in some cases,

synthetic viewpoints, terpyridine-based ligands are particu- can replace organophosphanes. Moreover, NHCs have a
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Scheme 1.  Synthetic Method for New Compounds
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studied® In the course of this study on the use of NHC

complexed,complexesl and2(PFR;~), which are analogous
to Ru(bpy)?*" and Ru(terpy?*, respectively, were synthe-
sized, and their photochemical properties were studied. This g,
paper presents our results of the synthesis and photochemical
properties of complexe4 and 2(PR~) along with their 0.0 T e
relevance to Ru(bpy)t and _Ru(terp;b)zf. Wavelength (nm)

_CompleX]' WQS p_repared I_n a75% y_leld by the complex- Figure 2. Absorption and emission spectra, with excitation at 354 nm, of
ation of RuC} with ligandL1 in a refluxing ethylene glycol Rt complexes in acetonitrile (if not specified) and water under argon.
solution (Scheme 1). Peris et al. repoftaduthenium NHC
complex with the same skeleton as com@éRr;-) and used  2(BPhy") was confirmed by X-ray diffraction (Figure 1j.
it as a catalyst in the hydrogen transfer reaction and oxidative The two ligands are mutually arranged about each metal

0.4

absorbance (OD)
Intensity (a.u.)

cleavage of olefins. center in an almost orthogonal manner. The resulting local
In the synthesis of Ru(NHG}' derivatives, there is always ~ environment around the Ru cation is therefore pseudo-
a problem as a result of the selectivity between ninex- orthogonal D,g) with a conformational restriction imposed

andfac-isomer. The latter is known to be the thermodynami- by the presence of methyl groups on ligalri2i

cally more stable form and is obtained as a major product The photophysical properties of complexeand2(PF~)

in almost all case$Interestingly, in contrast to our predic- Were investigated in order to make a comparison with those

tion, themerisomer was obtained as the sole product, which Of Ru(bpy}*" and Ru(terpyy*. Complex1, compared with

was confirmed by @&H NMR study of complext showing ~ Ru(bpy}**, shows a blue-shiftedimax (368 nm) in the

two methyl peaks at a 1:2 rati.Next, ligandL2 was absorption spectrum presumably due to the electron-rich

synthesized using the method reported in the literdtamed ~ Property of the NHC ligands (Figure 2 and Table 1).

successfully used in the synthesis of comple2&3FR;"), The voltammetric oxidation of complexdsand2(PFs")

2(BPh,7), and 2(Br~) by the complexation with Ruglin occurred as a chemically reversible 1-electron process at a

refluxing ethylene glycol. The molecular structure of complex scan rate of 100 mV/s (see Supporting Information, SI). As

expectedE, for 221/2%" was similar to that ofl?*/13", but
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Table 1. Spectroscopic Properties of RuComplexe3 2(Br)-H,0
Amax?0s € (103 Imaf™  relem  decay
complex (nm) M~tecm)  (hm) intb time (ns)
Ru(bpy}™ 450 14.3 597 3.83 860 5
Ru(terpy)?t 474 17.2 0.2% g
1 368 11.7 z
2(PFRs7) 343, 382 11.6,15.2 532 1.04 820 %
2(BPhy7) 343, 382 15.6, 20.1 532 0.39 490 §
2(Br) 343,382 13.0,16.8 532 1.00 600 e
2(Br7)-H,O 341,381 13.8,17.3 532 9.90 3100 :

a2.33 x 10°° M in acetonitrile (if not specified) and water at room T T I
temperature? Relative maximum intensity at emissiohReference 1. time (us)

d Reference 15. i o . .
Figure 3. Emission kinetic curves excited at 355 nm and monitored at

532 nm, of Rd complexes in acetonitrile (if not specified) and water under

a high energy for HOMO. The increase in the energy of the argon.

HOMO suggests a red shift in the absorption spectrum. . . } )
However, as already mentioned, the experimental observatiorin acetonitrile and 310+01a”5 inJ, i.e., 12400 times larger
shows a blue shift in the absorption spectrum. It is possible than that of Ru(terpyj# (Table 1 and Figure 3). To the

that NHC has a higher electron density than terpy, and aPest of our knowledge, the lifetime of compl&Br-) in
higher lying z* orbital. Therefore, it is expected that the Water is the longest among the reported luminescence

increase in the LUMO energy in compl@PF) is higher !ifetimes of the Ru(terpyf" derivatives. This observation
than that of Ru(terpy}*, which is consistent with the DFT IS quite unprecedgntt_ad be.cause MLCT_chromophores gener-
calculation (see calculated HOMO and LUMO orbital ally show shorter lifetimes in water than in organic solvénts.
energies in SI). This would mean that the blue shift is As shown in Table 1, the counteranions strongly influence
essentially a LUMO effect. the Iuminesgence lifetimes of the chromophbte. .
Complex1 is nonemissive in acetonitrile at room tem- N conclusion, complexesand2(PFs~) were synthesized

perature. However, compleR(PR) has very promising ©n the basis of NHC. Comple2(PF~) showed very
photophysical properties. It shows a different absorption Promising photoluminescence properties in water, and it is
spectrum from that of Ru(terpy?) (Figure 2 and Table 1). expected that this complex can be a complement or substitute
The complex2(PFs) shows two absorption peaks, 343 and for Ru(bpy)?" in many fields. Compoung(PFs") represents
382 nm. Compared with those of Ru(bg¥) and Ru- an alternative molecular design that imparts a green photo-
(terpy)?*, the two peaks were highly blue-shifted. Using ab luminescence into a synthetically facile system. Counteran-
initio calculations, it was provisionally determined that the 10NS play important roles in the luminescence quenching of
two blue-shifted peaks arose from the MLCT. In contrast to the rigid chromophore. Future research will be focused on
Ru(terpy)2*, complex2(PFs-) shows a very strong emission obtaining a theoretical explanation of the photophysical
with a maximum at 532 nr# The 3D emission spectrum properties, the synthesis of the derivatives of compleixes
was examined by changing the excitation wavelength (see@nd 2(PFs") with a variety of functional groups, and the
SI). The pattern of the resultant 3D emission peak was almost@PPlication of these compounds.
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the emission peak at 532 nm originated from complex Science Engineering Foundation (KOSEF 1999-1-12200-
2(PFs7), and not from impuritied? 001-1) and the Brain Korea 21 Program. D.-J.J. thanks the

The emission kinetics at 532 nm in Figure 3 shows a long strategic National R&D Program (M1-0214-00-0108).
lifetime of 820 ns in acetonitrile at room temperature, which

is 3280 times larger than that (0.25 ns) of Ru(tespy)® Supporting Information Available: Detailed experimental

In artificial photosynthesis, the lifetime of the chromophore procedures and characterization data, cyclic voltammetry study, 3D

in water is verv im ortan’t‘;ln order to measure its lifetime emission study, ab initio calculation. Crystallographic data in CIF

in H.0 Compl)(/aXZ(FI;r‘) Wi.th Br- as the counteranion was format. This material is available free of charge via the Internet at
2 L

. o http://pubs.acs.org.
synthesized. The lifetimes of compl&Br~) were 600 ns
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