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Photoluminescent diimine complexes of 'Rbiave been ex-
tensively investigated for a wide variety of applications including
solar-energy conversion and molecular sensif@lthough much
less studied, certain Chis(diimine) complexes display useful
properties including strong visible absorption, lorrglQ0 ns)
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plexes, heteroleptic complexes are expected to scramble. The
beauty of the dbp ligand is that it allows the preparation of a
heteroleptic complex since the formation of [Cu(dfp)is
sterically impossiblé? Here it is demonstrated that [Cu(dbp)-
(dmp)I" shows much larger improvements inand ¢ than
previously examined homoleptic complexes; these effects are
attributed to the size of thiert-butyl groups of dbp (vide infra).
Importantly, this report represents the first demonstration of how
significant photophysical effects can be achieved with heteroleptic
Cu complexes and opens the door to a family of molecules for
further investigation.

The complex [Cu(dbp)(dmp)](R) (1) is prepared by first
stirring 1 equiv of dbp® with 1 equiv of [Cu(CHCN),](PFe)€in
CH.Cl, under N. One equivalent of dmp is then added, and the
solution immediately turns from yellow to deep orange. Recrys-
tallization (MeOH) is sufficient for purification from a small
amount of the side product [Cu(dm}{PFs) and yields the air-

excited-state lifetimes, and excited-state redox potentials thatstable, orangel.}” The crystal structure of demonstrates the

render them viable as photocatalystsBecause of the substantial

heteroleptic coordination about the copper (Figure®lyhe

price differential between copper and ruthenium, copper-basedcoordination geometry is distorted fronay pseudotetrahedral
devices and sensors are economically attractive. A central problemgeometry that might be expected for ® tn. The geometry is

associated with the use of Gaystems has been the low quantum
yields @ ~ 0.1-0.4%}° of the complexes. Here we report a
Cu complex that exhibits impressive photophysical properties in

best described as trigonal pyramidal with molec@asymmetry,
in which the dmp ligand is canted frol,y symmetry along a
mirror plane. Several structures of [Cu(dnjp)have been shown

solution and in the solid state. In the solid state, the quantum to adopt geometries distorted frdba; symmetry*® In most cases,

yield is equivalent to the most widely studied'Retomplex ([Ru-
(bpy)]?; bpy = 2,2-bipyridine), and the excited-state lifetime
is longer.

The ligand dmp has been known for more than fifty yéars,
but it was not until 1980 that Blaskie and McMillin demonstrated
that [Cu(dmp)]* is emissive upon excitation into the visible
MLCT band?? It is now known that 2 and 9 phenanthroline
substituents are necessary for [Cu(BN)complexes (NN= a
1,10 phenanthroline) to be emissieéThe 2 and 9 substituents
sterically inhibit molecular distortion that occurs in the vibra-
tionally relaxed excited stafeThis distortion results from the
tendency of the Clion to adopt a square-planar (flattened)
geometry, the MLCT state having considerable' @haracter.

the largest distortion is a flattening of the phenanthroline (phen)
ligands with respect to each other, attributed to crystal-packing
forces?%21 In the structure ofl, however, theert-butyl groups

of the dbp ligand prevent the flattening distortion and result in a
nearly orthogonal orientation of the two phen plaffds.addition,

in the structure of, there are two independent molecules of [Cu-
(dbp)(dmp)t in the asymmetric unit. However, each of the
complex cations adopts identical geometries (rms exr@.022

A for the CuN, cores, see Supporting Information).

Complex1 emits brightly at room temperature upon illumina-
tion with a hand-held UV lamp. Since many of the applications
of luminescent inorganic complexes require the complexes
attached to solid supports or embedded in solid matfté3sthe

Recent work has shown that increasing the steric requirementsproperties ofl in the solid state are of interest. The excited-state

of the 2 and 9 substituents leads to improvements in the excited-

state lifetimes €¥) and quantum vyields &) of [Cu(NN)]*
complexes by further inhibiting excited-state distorti®i.here

is a limit however. Increasing the substituent size by too much
leads to the inability to form the [Cu(NB)" complex. Utilizing
molecular models, we predicted that only one ligand in a [Cu-
(NN);]* complex needs to have bulky 2 and 9 substituents to
prevent the flattening distortion. Thus, a heteroleptic complex in
which one phenanthroline contaitest-butyl groups at the 2 and

9 positions (dbp) should lead to a complex with an extremely
rigid coordination sphere. Because of the lability of' @om-
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lifetime and emission spectrum (Figure 2) of the complex were
recorded upon excitation into the MLCT banigh{2*5= 454 nm,
mineral oil mull)26 Complex1 emits with a maximum at 595
nm, and the decay is best fit by multiple exponentials (Figure
2)28 The solid-state lifetime and emission spectrum of [Ru(klpy)
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Figure 1. One of the independent [Cu(dbp)(dntp)}omplex cations. (o) S - =L ]
Hydrogens have been removed for clarity. Selected bond lengths (A) and 320 400 480 560 640 720 800
angles (deg) for both independent cations: Cu(dj1), 2.051(6); Cu- Wavelength (nm)
(1)—N(2), 2.087(6); Cu(LyN(2A), 2.088(6); Cu(1yN(1A), 2.094(6); Figure 3. Absorption spectrum and corrected emission spectifin<

Cu(2)—-N(2B), 2.064(6); Cu(2yN(1B), 2.080(7); Cu(2rN(1C), 2.085- 450 nm) ofl in CH.Cl, at room temperature.

(,\?()ZAC\)U(i);lNS((Zz? ﬁ(gigfglg(,\l@%(lﬁg (32()2)811\|£(1£3QCE8;?\1%(1%A))_ The_ absorption and emissﬁon spectrd @fere recorded in CiH

133.6(2); N(2)>-Cu(L)-N(1A), 114.6(2); N(2A}-Cu(1)-N(1A), 83.9- Cl, (F|g£Jre 3). The absprpnon bands centgrgd at 440 ans (

(2); N(2B)-Cu(2)-N(1B), 81.2(3); N(2B)-Cu(2)}-N(1C), 132.1(3); 7000M 1 cm™) are assigned to MLCT transitions, analogous to

N(1B)—Cu(2)-N(1C), 115.7(2); N(2B) Cu(2)-N(2C), 131.0(2); N(1BY those of [Cu(dmp]*™.** Complex 1 emits in CHCl, with a

Cu(2)-N(2C), 115.0(3); N(1C}Cu(2)-N(2C), 84.4(2). maximum at 646 nm (Figure 3); the absolute quantum yield is

1.0%3% The excited-state lifetime dfin degassed C¥l, is 0.73

""""" T T T T ] us 38 Previous to this report, the longesande for a [CU(NN)] "
—— —————r ] complex in solution were found for [Cu(dskp) (dsbp= 2,9-

71 di-seebutyl-1,10-phenanthroline) = 0.40us andg = 0.45%?°

1] Relative to [Cu(dsbp)™, 1 exhibits an 82% increase inand a

120% increase ip. The higherp and longerr of 1 versus [Cu-

] (dsbp)]* are primarily attributed to a substantial reduction

L (—45%) in the nonradiative rate constal,3® This likely results

E from the maximal interligand steric interactionslirfFigure S6)

25“" T S—— that prevent adoption of a flattened geometry in the vibrationally

AR Wavelength (nm) ] relaxed excited state, leading to a higher energy emissive state,

“ ] which in turn reduces the vibrational overlap between the

: : : == emitting® and ground states.

Time (us) Complex1 represents a landmark improvement in the photo-

physics of [Cu(NN)]* complexes? This study also illustrates

that inexpensive copper-based complexes can exhibit photophysi-

cal properties that are equivalent to, or better than, ruthenium-

based analogues.
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Figure 2. Time-resolved, room-temperature photoluminescent spectra
of [Cu(dbp)(dmp)](PE) (—) and [Ru(bpy3](PFe)2 (- - -) at 675 nmAex

= 455 nm. Since each decay is best-fit by multiple exponentials, an
effective half-life ¢=ff) was calculated from the time the total area under
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(PFs), were als_o measured usmg.ldentlcal methods (F_lgure 2). Supporting Information Available: Stereoviews, ORTEP diagrams,
The quantum yield of was determined to be 1.190.25 times positional parameters, bond lengths, bond angles, anisotropic thermal
h'Qher than [RU(_bp)é](PFs)z Ur]del’ ambient CQndltlor_%’?z We parameters, H-atom coordinates, an NMR spectrum, and a space-filling
estimate the solid-staig¢ of 1 is at least 50 times higher than  view of 1 (PDF). An X-ray crystallographic file, in CIF format fat.
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