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A comparative study of the photophysics of the four positional isomers {j@ms and threecis) of the
chromophore-quencher triad [RU(dmb)(bpyCHPTZ)(bpyCHMV2)]*" (dmb is 4,4-dimethyl-2,2-bipyridine,
bpyCHPTZ is (4-methyl-4-(2,2-bipyridin-4-yl)methyl)phenothiazine, and bpyGWV2+ is (4-methyl-4-
(2,2-bipyridin-4-yl)methyl)-1-methyl-4,4-bipyridinium cation) has been undertaken. Following metal-to-
ligand charge transfer (MLCT) excitation by laser flash photolysis at 460 or 532 nm, the redox-separated
states [RU(dmb)(bpyCHPTZ*)(bpyCHMV *H)]*" are formed rapidly € 5 ns). Quenching of MLCT emission
occurs with near unit efficiency for all four isomers. For thensandcis3isomers, formation of the redox-
separated state is25% efficient. For back electron transfer froaMV ™ to —PTZ", AG? = —1.14 eV for

all four isomers from electrochemical measurements andgyetaries from 4.5x 1P to 8.7 x 10° s in
acetonitrile at 25C.

The coordination of unsymmetrically-substituted bidentate
ligands to an octahedral center such as ruthenium(ll) gives rise
to stereoisomerism based on the relative positions of the
substituents. Such geometrical isomerism, positional isomerism,
has been recognized in the past, but little was known about what
effect it might have on chemical and physical properties since
there was no means for obtaining isomerically pure saniples.
For instance, Oppermaat al? prepared a series of Ru(ll)
polypyridyl complexes containing linked phenothiazine electron
transfer donors and anthraquinone acceptors. Although it was
recognized that the chromopherguencher existed in different
isomeric forms, it was not possible to discern whether or not
all of the four possible isomers were present in the sample and,
therefore, if electron transfer kinetics observed following laser
flash photolysis were of a single isomer or an average. This
issue has been raised by others as WweHositional isomerism
is illustrated in Figure 1 for the four isomers of the chro-
mophore-quencher complex [Rigdmb)(bpyCHPTZ)(bpyCH-
MV2ZH)]4* (1) in which dmb is 4,4dimethyl-2,2-bipyridine,
bpyCHPTZ is (4-methyl-4-(2,2-bipyridin-4-yl)methyl)pheno-
thiazine, and bpyCEMV 2" is (4-methyl-4-(2,2-bipyridin-4-
yl)methyl)-1-methyl-4,4-bipyridinium cation We report here
the development of techniques for the separation of these
isomers and their use in mapping the various electron transfer
pathways that they provide.

The synthesis of the target chromophegriencher complex
was based on a synthetic strategy for tris(heteroleptic) complexes
reported previousf/and is described in detail elsewhérdt Figure 1. Geometrical isomers for [Rigdmb)(bpyCHPTZ)(bpyCH-
involves stepwise addition first of dmb to [Ru(GQJ,] to give MV29)]#* (1) with rate constants for back electron transfer); see
[Ru(dmb)(CO)Cl], followed by bpyCHMV 2+ and pyridine text. Each of these isomers exists as a painbk enatiomers.
to give [Ru(dmb)(bpyCEMV?*)(py);]** as the hexafluoro-  PTZ, which gave separate sets of the binary mixtures of
phosphate salt. The two isomers of this complex (in which the geometrical isomerga/lb and1c¢/1d with the stereochemistry
MV2* as a substituent isans to one pyridine orcis to both) from the first separation maintainédThese isomeric mixtures
were separated by cation exchange chromatography (SP-were also separated by cation exchange chromatography by
Sephadex C25; aqueous sodium 4-toluenesulfonate eluent) byutilizing aqueous sodium 4-toluenesulfonate as eluent. Pre-
using a previously developed methbdhe pyridyl ligands were  cipitation from water with KPE (2x) led to the isolation of
displaced in refluxing ethylene glycol with an excess of bpyCH  pure Pk~ salts of the ondrans and threecis isomers. The

" The University of North Carolina, structures ofla, 1b, 1c, and1d were established biH-NMR

* James Cook University of North Queensland. spectroscopy by utilizingH COSY, as well as homonuclear

€ Abstract published ilAdvance ACS Abstract#yugust 15, 1997. decoupling and NOE measuremeht&xtensive use was made
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SCHEME 12
E (eV)
2.14 ‘ [Ru(dmb")(b-PTZ)(b-MV2)]***
k,~6X 101071
(~17 ps)
1.54 [Ru'l(dmb)(b-PTZ)(b-MV "]**
. k~1X10"0g!
hv[ [k, ~1x10°s" (~75 ps)
(~1000 ns)
1.14 [Ru'l(dmb)(b-PTZ")(b-MVH]*
ky~4 X 10'0s!
(~25ps)
kpp (cis3)=6.3 x10%s!
(160 ns)
0.00 [Ru'(dmb)(b-PTZ)(b-MV2*)]**

21n acetonitrile, b-M\#* is bpyCHMV?*, b-PTZ is bpyCHPTZ.

of the anisotropic interactions caused by differing degrees of TABLE 1. ker(r) and Efficiencies f:ss) for Intramolecular

shielding provided by the ring currents in differently substituted Redox Separation in Deaerated Acetonitrile at 254+ 2 °C

pyridyl rings as described previously. isomer trans(1a) cis1(lb) cis2(lo cis 3(1d)
UV —visible absorption spectra of the four isomers are 16512 7.7 (130 ng)

identical with an MLCT absorption band in acetonitrile appear-
ing at Amax = 460 nm ¢ = 18 600 cnt! M~1), which is the
Amaxfor [Ru(dmb}]2*. In cyclic voltammograms in acetonitrile
0.1 M in [(n-C4Hg)4N]PFs versus SSCE, waves appear for the
couples RW" (Eyp = +1.22 V), —PTZ'0 (Ey, = 0.80 V),
—MV 2H+ (El/z = —0.34 V), and MW/0 (El/z = —-0.74 V).
Polypyridyl-based reductions appeared-dt37 and—1.57 V.

[Ru" (dmb™)(bpyCH,PTZ)(bpyCHMV #")]**+
1% Ry (dmb)(bpy” CH,PTZ)(bpyCHMVZ")]*"* — —
[Ru" (dmb)(bpyCHPTZ)(bpy CH,MV #")]***

[RuU" (dmb)(bpyCHPTZ *)(bpyCH,MV *)]** g (1)
2

Compared to [Ru(dmhg]?* with an emission quantum yield
of ¢em = 0.060 in acetonitrile at 25+ 2 °C, MLCT emission
from 1is >95% quenched and short on thé ns time scalé?
Laser flash excitation at 460 or 532 nm (24.5 mJ/pulse) with
absorbance monitoring from 35000 nm under the same
conditions with an apparatus described elsewhegsulted in
the <5 ns loss of the MLCT absorption at 460 nm, no evidence
for the characteristic MLCT bleach at 460 nm, and the
appearance of bands &ax = 517 nni? for —PTZ" and Amax
= 397 and 610 nit for —MV** at the earliest observation times
(~5 ns). These observations are consistent with initial MLCT
excitation followed by a series of rapid electron transfers to
give redox-separated stag,in eq 1. The quantum yields for
appearance d? for thetransandcis3isomers fs9, Table 1,
were measured relative to the efficiency of reactiort Back
electron transfer{MV*" — —PTZ*"), ket in eq 1, was studied

4.5 (220 ns) 8.7 (115ns) 6.3 (160 ns)
0.25

Nrss 0.20,0.22,0.25

2Values reproducible te-3%. ® Weighted average of biexponential
fits or best fit to exponential decay (ref 15)Measured at concentrations
of 3.4 x 1075, 2.4 x 107% and 6.5x 107> M, respectively,40.05.
The slight variation inyss may be real but is within the experimental
error.

by transient absorption measurements throughout the visible
region from 350 to 690 nm. The results are summarized in
Table 1. In all cases the variation kgt with observation
wavelength was<3%, and the values in the table represent an
average of measurements at-B5 wavelengthd®
[Ru(bpy)y]*™* + PTZ— [Ru(bpy)] " + PTZ" (2)
The kinetic scheme for formation &is shown in Scheme
1. The first step is expected to be electron transfer kv 2",
On the basis of picosecond transient absorbance measurements
in acetonitrile at 23C, Yonemotcet al1® concluded that MLCT
excitation in [RU (bpy):(bpyCHMV 2H)]** is followed by bpy~
— —MV?2t electron transfer to give [RU(bpy)(bpyCH-
MV *H)]4t with kg = 5.9 x 101°s™1 (z = 17 ps) and that back
electron transfer to give the ground state occurs Witk 4.0
x 101°s71 (r = 25 ps). If the initial MLCT excited state(s) is
reached with unit efficiencyyss = k/(k + ko) and if the rate
constants measured by Yonemetoal. are comparable in the
transandcis3isomersk for —PTZ— Ru" electron transfer is
~1.3x 109s™1 (r = 75 ps).
Initial electron transfer from-PTZ to RU'* is slow. In the
model [RU'(dmb)(bpy-CHPTZ)?*, reductive quenching, eq
3, is uphill thermodynamically by-0.1 e\A” and quenching is
only partly complete as shown by the decrease in the lumines-
cence quantum yield compared to [Ru(dgi®)* (pem = 0.044
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compared tapem = 0.060) and a decrease in MLCT excited R. Inorg. Chem.1992 31, 3004. (c) Anderson, P. A.; Strouse, G. F.;
state lifetime from 900 to 680 ns. Treadway, J. A.; Keene, F. R.; Meyer, T.ldorg. Chem1994 33, 3863.

(6) Rutherford, T. J.; Keene, F. Rorg. Chem.1997, 36, 2872.

m — ot (7) (a) Rutherford, T. J.; Quagliotto, M. G.; Keene, F.Iforg. Chem.

[Ru™(dmb)(dmb)(bpyCHPTZ)]"™* — 1995 34, 3857. (b) Rutherford, T. J.; Reitsma, D. A.; Keene, FIRChem.
I — +\12+ Soc, Dalton Trans.1994 3659.
[Ru’(dmb )(dmb)(bpyCI—iPTZ IINE) (8) Hua, X.; von Zelewsky, Alnorg. Chem.1995 34, 5791.
) o (9) Rutherford, T. J.; Reitsma, D. A.; Keene, F. R.Chem. Soc.,
The data forkgr in Table 1 map four distinct pathways for  Dalton Trans.1994 3659.

back electron transfer in the isomeric series. From the (10) Thereis evidence in the emission decay data for a small contribution
electrochemical measurementsz® = —1.14 eV for all four (<3%) from an emissive impurity with ~1 us.

; : —1 ; (11) (a) Chen, P.; Duesing. R.; Graff, D. K.; Meyer TJJPhys. Chem.
isomers, bukgr varies from 4.5< 10°t0 8.7 x 10° s™*. This 1991 95, 5850. (b) Duesing, R.; Tapolsky, G.: Meyer, TJJAm. Chem.

is an important finding for earlier results on related systems sqoc.199q 112 5378.

where there were unresolved mixtures of isomers and, in (12) Hester, R. E.; Williams, K. P. J. Chem. SogPerkin Trans. 2
retrospectker values were most likely averaged quantities for 1981 852.

a series of isomers and not for a single isomeric assembly. (13) Watanabe, T.; Honda, K. Phys. Chem1982, 86, 2617.

; 3 (14) (a) The vyield of [Ru(bpy]t and PTZ following reductive
Given the known self-exchange rate constants for couplesquenching of [Ru(bpyJ2™* by PTZ i5 ~1.0 relative to the [Ru(bpy)?* +

relateq to—PTZH0 a}nd—MVHH, back electron tranSfe.r OCCUrs My 2+ actinometer in water (refs 14b,c). The measurements were made by
in the inverted region sincé ~0.9 eV1® These reactions are  measuring transient absorption changes at 10 wavelengths between 500 and

remarkably slow given the small ener ap of 1.14%\This 640 nm anq known extinctiqn coefficients with sufficient PTZ added (38
must be g consg uence of weak elg)ét?or?ic coupling throu hmM) o achieve- 98% quenching, (b) Hoffman, M. 2. Phys. Chent98§
q pling 9N g2 3458. (c) Hoffman, M. ZJ. Phys. Chem1991, 95, 2606.

the extended bond system at least for titems isomer where, (15) Kinetic decay of théransform of 2 derived fromlais exponential
on the basis of molecular modelid$the closest distance of  with monitoring at 608-690 NM max = 610 nm for—MV*+). The decay

through space~MV'+/—PTZ'+ approach is 16.5 A (center to kinetics are better fit as biexponentials from 360 to 590 nm possibly because
of the presence of a small amount of impurity in which there is not a redox

center). For thesisisomers there are accessible rotamers that ;e pmver
bring them into que tp edge cqntact (7.0 A center to center). (16) (a) Yonemoto, E. H.; Saupe, G. B.; Schmehl, R. H.; Hubig, S. M.;
The solvent and vibrational barriers to electron transfer for the Riley, R. L.; Iverson, B. L.; Mallouk, T. EJ. Am. Chem. S0d.994 116,

isi i i 4786. (b) Yonemoto, E. H.; Riley, R. L.; Kim, Y. I|; Atherton, S. J.;
cis isomers should be nearly the same. The differencégnn oo s b0 2 SRR b e o T 504092 114, 8081,
probably reflect differences in electronic coupling for them and

btle diff in their orbital h f | f (17) (a) Excited state potentials were calculated from the free energy
subtle differences in their orbital pathways for electron transfer. .t of the excited state above the ground sts@, by AGY = Zo.

+ Eo. Eo is thev* = 0 — v = 0 energy gap ando, the solvent
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