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The photophysics and photochemistry of the salt [(bpy)Re§®®)'][BzBPhs~] (ReBo, where bpy= 2,2-
bipyridine, py= pyridine, Bz= CsHsCH, and Ph= CgHs) has been investigated in THF and €N solutions.
UV —visible absorption and steady-state emission spectroscopy indicates that ReBdfexists primairly as an
ion-pair. A weak absorption band is observed for the salt in THF solution that is assigned to an optical ion-pair
charge transfer transition. SterNolmer emission quenching studies indicate that BzBPhuenches the
luminescent @ (Re) — z* (bpy) metal-to-ligand charge transfer excited state of the (bpy)Re{(@®D)
chromophore. The quenching is attributed to electron transfer from the benzylborate anion to the photoexcited
Re(l) complex, (bpy*)Re!'(CO)(py)™™* + BzBPh~ — (bpy*)Re(COXx(py) + BzBPhy. Laser flash photolysis
studies reveal that electron transfer quenching leads to irreversible reduction of the Re(l) cation”yB&eD):(py).
Photoinduced electron transfer is irreversible owing to rapid®ond fragmentation in the benzylboranyl radical,
PhCHBPhs — PhCH* + BPhs. Quantitative laser flash photolysis experiments show that the quantum efficiency
for production of the reduced complex (bp)Re(CO)(py) is unity, suggesting that-€B bond fragmentation in

the benzylboranyl radical occurs more rapidly than return electron transfer within the geminate radical pair that
is formed by photoinduced electron transfer.

Introduction While a substantial body of the experimental work concerning
Photoinduced charge transfer processes in transition metalcharge transfer processes in mewiganic systems has centered
complexes have been extensively investigatddResearchin " mner-spherg transitions such as metal-to-ligand charge

this area is motivated by a number of factors. First, a significant ransfer (MLCT); ligand-to-metal charge t;:ﬁansfer (LMC¥nd
amount of information concerning the electronic structure of li9and-to-ligand charge transfer (LLC¥);°there have been a
inorganic and metatorganic complexes has been provided by number of investigations that have focused on the properties of
studies of charge transfer spectroscBpyfurthermore, studies “outer-sphere” transitions that involve charge transfer to or from
of the spectroscopy and dynamics of charge transfer excited® SPecies that s not directly coordinated to the metal céfitéf.
states have provided a wealth of experimental data that has/n general, such outer-sphere charge transfer transitions involve
guided theoretical work on electron transfer procedseg.9-11 an ion-pair comprising an anionic electron donor and a cationic
Second, metal complexes that exhibit charge transfer absorptior€!€ctron acceptor and are termed ion-pair charge transfer (IPCT)

. .. . . . it 16
bands in the visible region have provided the paradigm for transitions: _ _
chemical systems that convert light to chemical endfgy. ~ ©Our group has been developing (photo)chemical probes that
Finally, there has been recent interest in the application of metal €N P€ applied to study electronic structure and dynamics of
complexes that feature charge transfer absorption and luminescharge transfer excited states in metal complé%eSoward

cence to the development of molecular probes for biology and this objective, we have applied a number of “reactive” organic
chemical sensing14 donors that undergo rapid, irreversible chemical processes

triggered by single electron oxidation. To date, these reactive

T E-mail: kschanze@chem.ufl.edu. donors have been used mainly to probe ligand-to-ligand charge
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was to design a system in which photoexcitation of an ion-pair vacuum until all the THF solvent had evaporated. Following this, 10
could be coupled to an exceedingly fast, irreversible chemical mL of argon-degassed water was added via a cannula. Under a mild
process_ We ra“onahzed that by mon|tor|ng the efﬂClency Of flow of argon, the flask was shaken and stirred to dissolve the N7|gC|
the overall photochemistry it would be possible to gain salt of the product. Another Schlenk flask containing an argon-degassed
information concerning the electronic structure and dynamics solution of 1.5 g of tetramethylammonium chloride (13.6 mmol) in 30

f the IPCT stat d d by phot itati mL of water was prepared, and the aqueous borate solution was
or the st e_pro uce yp otoexcitation. - transferred into this Schlenk flask by filter cannula, whereupon a cloudy-
In order to design an effective system, an anionic electron white precipitate formed immediately. After thorough mixing of the

donor is required which undergoes a rapid chemical processsojution, the precipitate was allowed to settle and crystallize further
triggered by single electron oxidation. Our studies were guided pefore being collected on a“Bhner funnel in air. The product was
by Schuster and co-workers’ recent work which indicates that recrystallized twice by dissolving the solid in a minimum amount of
alkyltriphenylborates (RBPhs~) undergo an exceedingly rapid  dry acetonitrile and dropping the solution into a rapidly stirring beaker
C—B bond fragmentation upon single electron oxidation,2e., of diethyl ether (typically 6- to 10-fold of the amount of the acetonitrile).
The product was obtained as a white powdery solid, yield 1.06 g (80%).
_ —e . fast __, Anal. Calcd for GeH3sBN: C, 85.50; H, 8.41; N, 3.44. Found: C,
R—BPh; — R—BPh’ —R" + BPh, 1) 85.64; H, 8.70: N, 3.46.1H NMR (300 MHz, CDCN): & 2.48 (q,
2H, benzyl CH split by spin+2%/, boron nucleus), 3.08 (s, 12H, 4
Thus, in the present study we have focused attention on saltsmethyls), 6.56 (d, 2H), 6.656.85 (m, 6H), 6.94 (t, 6H), and 7.21 (m,

which pair the cationic metal complex acceptor (bpyjRE)- 6H). **C NMR (75 MHz, CRCN): ¢ 54.90 (methyls), 121.41, 125.19,
(py)* (bpy= 2,2-bipyridine and py= pyridine) with the anionic ~ 125.22, 125.25, 125.68, 129.23, and 134.75 _
“reactive” donor benzyltriphenylborate, BzBPHBz = CeHs- fac-(2,2-Bipyridyl)tricarbonylpyridylrhenium(l) Benzyltriphen-

ylborate (ReBo). The following procedure was performed under red

CHy- and Ph= CeHs-). This system is of interest for several light. In a Schlenk tube, 306 mg &ePF; (470umol) and 193 mg of

. o . )
reas?nsl. ::IrSt.IFhed(apy%R@B)g(fyt)) Calt\l/loer:?_XhlbI.ttsg Ctortn TBo (473 umol) were dissolved in 25 mL of argon-degassed acetoni-
par.a |\{ey ong-iive . (Re)— = ( Py) . exq eds a,e trile. Degassed water was added to the acetonitrile solution via cannula
which is s_trongly luminescent. This excited state Is a relatively niil the stirred solution became cloudy; at this point, a minimum
strong oxidant and has been well characterized with respect toamount of degassed acetonitrile was added to clear it again. The

its photoredox reactions with a variety of neutral electron acetonitrile was then evaporated under reduced pressure, leaving a
donors?! Second, in nonpolar solvents at relatively low brownish oil in water. This oil was extracted by cannula addition of
concentration [(bpy)RECO)(py)*][BzBPhs~] exists predomi- degassed methylene chloride (triple or greater the volume of the
nantly as an ion-pair. In contrast, in polar solvents at relatively remaining water). After vigorous mixing, no trace of the oil remained
low concentration, this salt exists primarily as solvent-separated and the methylene chloride layer was yellow. The methylene chloride
or free ions. Therefore, comparison of the overall efficiency solutl(_)r! was carefully transferred via a canr_1u|a to a dry Schlenk flask
of the photochemistry observed for the salts in nonpolar and CONtaining anhydrous MgSO On the following day, the methylene

| vents all luati f the effect . . chloride solution was decanted from the MgSé&hd transferred by
polar solvents aflows evaluation of the €ltect on 10n-paifng on - .., 4 to another dry, argon-degassed Schlenk flask, whereupon the

the rates of the charge transfer processes. solution was concentrated to 10 mL volume under reduced pressure.
Experimental Section The methylene chloride solution was then transferred directly into a
500 mL flask containing 300 mL of air-saturated diethyl ether that was
being stirred. At this point the yellow ReBo product began to
precipitate slowly. The powdered precipitate became less sticky by
allowing it to stir in the diethyl ether for 2630 min. The product
was obtained as an air-stable yellow powder, yield 315 mg (80%). Solid
ReBo was air-stable; however, in solution the salt decomposes on
exposure to light or air. Anal. Calcd for,@13sBNzOsRe: C, 61.57;
H, 4.21; N, 5.01. Found: C, 61.19; H, 4.04; N, 4.8 NMR (300
MHz, CDsCN): 6 2.48 (g, 2H,Bo benzyl CH split by spin+3, boron
nucleus), 6.54 (d, 2HBo aromatics), 6.616.84 (m, 6H,Bo aromatics),
6.92 (t, 6H,Bo aromatics), 7.167.30 (m, 8H, Bo aromatics overlapping
with Re 2 x m-pyridyl), 7.74 (t, 2H, Re 2x 5-bpy), 7.82 (t, 1H, Re
CN): & 7.28 (t, 2H, 2x m-pyridyl), 7.78 (t, 2H, 2x 5-bpy), 7.84 (t,  P-PyridyD), 8.20 (t, 2H, Re 2« 4-bpy), 8.28 (d, 2H, Re X o-pyridyl),
1H, p-pyridyl), 8.25 (t, 2H, 2x 4-bpy), 8.29 (d, 2H, 2 o-pyridyl), 8.31 (d, 2H, Re 2« 6-bpy), and 9.20 (d, 2H, Re 2 3-bpy).
8.38 (d, 2H, 2x 6-bpy), and 9.22 (d, 2H, X 3-bpy). 33C NMR (75 . Ehotophysncal and Photochemical Expenments.l;xcept for. UV~
MHz, CD:CN): 6 124.5, 126.4, 128.61, p-, ando- pyridyl, respec- visible absorbance measurements, all photochemical experiments were
tivel);) 1397 1409. 151.7. and 153.6’(5-’ 4- 6- and 3ibpy respec- carried out in solvents that were thoroughly degassed with argon-- UV
tively)i ' ' ' e ' visible spectra were recorded using an HP 8452A d!ode array
Tetramethylammonium Benzyltriphenylborate (TB0).2% Tri- spectrophotometer; spectra shown in this work are composites of many

phenylboron (788 mg, 3.25 mmol) was dissolved in 20 mL of anhydrous measurements, taken over a wide range of dilutions, with absorbances
THE in a 250-mL ScFlle.nk flask. After degassing with argon, 10 mL discarded if greater than 1 or less than 0.01. Luminescence lifetimes
of 1.0 M benzylmagnesium chloride in diethyl ether (10 mmlol) was and steady-state emission data were determined using methods and

added to the flask via a syringe. Purged a final time with argon, the equ'pmem. described in previous pu_bllcatléhé% Luminescence
mixture was allowed to stir and reactrfb h at 0°C and 2 h more at quantum yields were determined relative to Ru(afiy)n degassed

room temperature. The Schlenk flask was then maintained underWater .@e“‘. = 0.057) an_d were corr_ected for _differences in solvent
refractive index. Transient absorption experiments were performed

(20) (a) Chatterjee, S. Davis, P. D.: Gottschalk, P. Kurz, M. E.; Sauerwein using a nanosecond flash photolysis system also described previusly,
B.. Yang, X.: Schuster. G. BL Am. Chem. YSo'('1990 112 6320. (®) ' exciting the samples with the third harmonic of a Nd:YAG laser (355
Murphy, S. T.; Zou, C.; Miers, J. B.; Ballew, R. M.; Dlott, D. D.;  Nm, 6 ns fwhm).

Schuster, G. BJ. Phys. Chem1993 97, 13152. Relative actinometry transient absorption experiments were carried

(21) (a) Schanze, K. S.; MacQueen, D. B.; Perkins, T. A;; Cabana, L. A. oyt by using a modified version of the technique described by

Coord. Chem. Re 1993 122 63. (b) Lucia, L. A.; Schanze, K. S. ; - . L -
Inorg. Chim. Actal994 225 41. Carmichael and Hi#g and by us in a previous publicatid#. Briefly,

(22) (a) MacQueen, D. B.; Schanze, K. B5.Am. Chem. Sod.99], 113
7470. (b) Wang, Y.; Schanze, K. 8hem. Phys1993 176, 305. (23) Carmichael, I.; Hug, G. LJ. Phys. Chem. Ref. Date986 15, 1.

General Synthetic Methods. Anhydrous THF was prepared by
distilling over NaK/benzophenone prior to use. Triphenylboron was
prepared by acidifying an aqueous solution of the NaOH adduct with
CQO,, filtering out the solid, drying itin vacuq and purifying it by
vacuum sublimation. All other solvents and chemicals were of reagent
grade and used without purification. NMR spectra were taken on a
GE QE 300-MHz instrument.

fac-(2,2-Bipyridyl)tricarbonylpyridylrhenium(l) Hexafluorophos-
phate (RePF). This compound was prepared and purified by using a
literature methot¥2?2and was isolated as a bright yellow powder in
88% yield. Anal. Calcd for GH13FeNsOsPRe: C, 33.24; H, 2.01; N,
6.46. Found: C, 32.85; H, 1.73; N, 6.08H NMR (300 MHz, CD»-
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14 5 For convenience these spectra are separated into two spectral
[l regions, with the first extending from 300 to 330 nm in the UV
124 and the second from 330 nm in the UV to 450 nm in the visible.
e 47 In the first region, bothReBo and RePFs exhibit two com-
< 10 - /E paratively strong transitiong & 10 000 Mt cm~1) which are
«:E ascribed primarily to ligand localized (bpy and pw)z*
© g 31 transitions'®¢ Although for each salt these ligand localizegr*
E transitions are blue-shifted slightly in GEIN compared to THF,
£ g the significant feature is that the spectraRéBo and RePFs
S 27 bod in the same solvent are superimposable in this region. Thus,
% 4 we conclude that the benzylborate anion has no effect on the
< 14 absorption of the complex in the 36330 nm region in THF
=, where ion-pairing is expected to be significant.
In the second region, botReBoandRePFs exhibit a broad,
0 , o = featureless absorption with ~ 4 x 108 M~ cm™L. This
300 330 330 360 390 420 450 absorption is due primarily to therdRe)— &* (bpy) MLCT
Wavelength (nm) transition. However, close inspection of the 3350 nm region

Figure 1. UV-—uvisible absorption spectra d?ePR and ReBa. (a) reveals an interesting feature: the spectraRePF/THF,

ReBOTHF; (b) ReBACH:CN; (c) RePR/THF; (d) RePRy/CH.CN. Repg‘a’CHz"Cﬁ" ano:.Rﬁ?dC'_bCN :Ere Clo.selybs'm"ar’ while J

Spectra were obtained on solutions with 2.8 concentrations. ReB THF§ ows slig tly greater absorptivity etwggn 330 an
450 nm. Itis important that the enhanced absorptivitReBo

a solution ofRePF; (c = 120uM) in THF served as an actinometer.  in THF is reproducible and quite clearly is a property unique

The transient absorption of the Rebpy MLCT excited state (Rgcr) to ReBo in the nonpolar solvent. A difference spectrum of
was monitored at 370 nm and the concentration produced by the laserReBo relative to RePF; in THF indicates that the enhanced
pulse was dEtelfmiQelCiltgy using the valuealj;"" for Reu.cr at 370 absorptivity is due to a broad, featureless transition Witk
nm (11 300 M* cm™) ~ 350 nm antkmax ~ 300 M~1 cm~L. We attribute this broad
AAO absorption band observed feeBoin THF to an ion-pair charge
concentration of Rg ¢ = M7L°C”Tm ) transfer (_IPCT) transition from the benzylborate anion to the
Aezpg Re(l) cation.

Emission Spectroscopy of RePFand ReBo. As noted
where AAL] . is the transient absorption signal extrapolated to zero above, the (bpy)RECO)(py)t chromophore displays a mod-
time. Sample solutions containdePFs (c = 120 uM) along with erately intense luminescence that emanates from théRe)

TBo added in a concentration sufficient to quench 90% of the-Re . 7 (hpy) MLCT excited state manifol@t@ In order to probe
bpy MLCT emission. The transient absorption of the neutral Re na effect of the benzylborate anion and ion-pairing on the
complex (bpy*)R€(COX(py) (Re-g produced in the sample solutions MLCT state, steady state and time resolved luminescence

by 355 | itati itored at 350 dit trati . > .
Y aser excration was montored 2 nm and Its concentration experiments were carried out &®@ePFR andReBoin CH;CN

H H Re—0 1
\(/:vii)(ifgermlned by using the value A5, - at 350 nm (5800 M and THE solutions.
Both complexes display a broad, featureless MLCT lumi-
) AAgso om nescence in CkCN and THF solution; emission band maxima
concentration ORe‘OZW ®3) (Aem) and luminescence quantum efficiencidse) are listed
350

in Table 1. First®eny, for ReBois lower compared t&RePFs

where AAgsonm is the transient absorption signal at 350 nm for the [N the same solvent. The extent of quenching of the steady-
sample solution. Actinometer and sample solutions were run consecu-State luminescence by the benzylborate is quantified by the
tively and repeatedly at laser powers ranging from 0.1 to 2.0 mJ/pulse Parameter ®ReBYDRePR (Taple 1) which indicates that lumi-
(exposure area ca. 0.25 &mn The RePF; actinometer solutions were ~ nescence fronReBo is suppressed (compared RePFs) by
contained in a 3.0 mL quartz cuvette and were stirred vigorously during approximately a factor of 2 in C4&N and a factor of 10 in
data acquisition.ReBo sample solutions were contained an a recir- THF. Emission lifetimes#.y) were also determined for the
culating cell with a total volume of 50 mL to minimize the effects of  two complexes in CECN and THF (Table 1). Consistent with
irreversible photochemistry upon the yield determinations. the steady-state luminescence datg,is suppressed fdReBo
compared tdRePFs; and the extent of lifetime quenching in each
solvent is quantified by the paramet&fBYzReP% (Table 1). In
Salts and Solvents. The focus of this study is on the = CH,CN solution,rem and®em are quenched to the same extent

Results

properties of the ion-pair [(bpy)KEOX(py)*,BzBPh™] (ReBo), by the benzylborate anion; however, in THF soluti®a, is
which contains the photoactive Re(l) cation paired with the quenched to a much greater extent thanby the borate.
benzylborate electron donor. The properties of [(bpY (B8 )- Several conclusions can be drawn from the luminescence data

(py)*,PFs7] (RePFs) were examined in parallel to allow assess- presented thus far. First, it is clear that the benzylborate
ment of the photophysics of the Re(l) cation in the absence of quenches the MLCT excited state. Given that the singlet (and
the benzylborate donor. Both salts were examined in THF and triplet) states of the borate are at significantly higher energies
CH3CN, which were selected as examples of nonpolar and mod- relative to the Re— bpy MLCT state, it is unlikely that
erately polar solvents, respectively. As outlined below, under quenching is due to energy transt&#2° Rather, we believe
the conditions of the experiments carried out herBieBoand that the quenching is due to electron transfer from the ben-
RePFs exist primarily as ion-pairs in THF and as free ions in  zylborate anion to the photoexcited Re(l) complex, i.e.
CH3CN.

Absorption Spectroscopy. The absorption spectra 8eBo (bpyf')Ré'(CO)3(py)+* + BzBPh, —
andRePFs in the near-UV and visible regions as dilute solutions . .
in THF and CHCN are presented for comparison in Figure 1. (bpy ")RE(CO)(py) + BzBPh, (4)
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Table 1. Luminescence Properties of Re(l) Salts

salt solvent Amac™nm Denm Ten/NS PReBYPRePFy TReBo/gRePFR 1010kSYM 1 st 100k, T/IM1 st
RePFk CH;CN 588 0.055 234 1.9 1.8
RePk THF 586 0.067 238 13 3.4
ReBo CHCN 588 0.035 160 0.64 0.68
ReBo THF 584 0.0081 102 0.12 0.43

2 Ama™is emission maximumeen is emission quantum yield;em is emission lifetimek;SS andks-™ are apparent SterfVolmer quenching
constants folTrBo computed from steady-state and emission decay data, respectively.

Electron transfer quenching is supported by the fact that the 20
free energy change for eq 4 is estimated to1@el eV in CH- A
CN based on the oxidation potential of BzBPHE.x ~ +1.09 15
V)202gnd the excited state reduction potential of (bpyj8@)- <
(PY)" (Ered ~ +1.22 V)212 e
Second, the consistency of the steady-state and lifetime % 101 T4/7, AN
guenching in CHCN implies that electron transfer quenching € 15/t THF
occurs only by a dynamic (i.e. diffusional) pathway in this 5 1 I/1, AN
solvent. However, the disparity between the steady-state and I/, THF
lifetime quenching in THF solution strongly implies that in this Y s
solvent quenching occurs by both static and dynamic path- 0 1 2 3 4
ways24-26 These qualitative results provide evidence that under Concentration of TBo (mM)
the conditions of the emission studies~ 120 M), in CHs- 18 / °
CN the Re(l) cation and benzylborate anion exist predominantly, 161 B IH//
if not exclusively, as free ions, while in THF solution at 120 14 1 7
uM the salts exist predominantly as ion-pairs wherein electron w 127
transfer quenching is very rapid, i.e. = 12 il
>
[(bpy ")Ré' (CO)(py) * BzBPh, ] > Y i
[(bpy ")R€(CO)(py),BzBPH] (5) 2 { o IT8
0 AL B B 1T L L
Stern—Volmer Luminescence Quenching.In order to care- 0 100 200 300 400 500
fully probe the effect of ion-pairing on the MLCT emission Concentration of TBo (M)

Stern-Volmer luminescence quenching studies were carried out. Figure 2. (A) Stern—Volmer plots for quenching oRePR; by TBo.
The concentration of the (bpy)REOX(py)* lumiphore was Polygons represent experimental data and solid lines are linear least
fixed at 120uM by addition ofRePFs and the concentration of ~ squares fits of the data. (B) Comparison of experimelptatiata points
the BzBPR~ quencher was varied by addition of [Niyfé- in THF to various theoretical fitsi (dotted line), linear least-squares

_ . . - . fit of 7o/t data; Il (solid line), linear least-squares fit bfl data; Il
[BzBP"] (_TBO)' Total Iumlnescence_quenchmg (e, ?’tatlc ..(dashed line), “best” fit of experimental data to eq 9 (see text).
and dynamic) was assessed by analysis of steady state intensity

quenching according to eq 6 while the contribution of dynamic for CH;CN, which qualitatively indicates that quenching is more
quenching only was evaluated by analysis of lifetime quenching efficient in the less polar solvent. Another distinguishing feature

data according to eq 7. In egs 6 and%mandzemrefer to  of the THF data is that the slope of thf#l plot is significantly
o greater than that of the®/r plot. The latter feature is a clear
em_ 1 4 quST° [BzBPh, ] (6) indication that static quenching occurs in THF and further
lem € indicates thatReBo exists predominantly as ion-pairs in this

solvent?4-26

Before discussing the quantitative analysis of the Stern
Volmer quenching data, it is useful to note that the rate of
dynamic quenching cannot exceed the diffusion limit. The
the steady-state emission intensity and lifetime, respectively, Debye-Stokes equation can be used to estimate the rate constant
of RePFs in the solvent of interest arlg represents the second- ~ for a diffusion-limited proces3
order rate constant for quenching as determined from the slope

(o}
Tem

T

=1+ Kk, 7%, [BzBPh, ] (7)

em

of the Stern-Volmer plots, with the superscripts SS and LT aiff 2NAkBT((rA + rD)2 b

referring to steady-state and lifetime, respectively. T 3y \ ralpo 1 (8)
Figure 2A illustrates the intensity and lifetime Stetviolmer

plots for THF and CHCN solutions. First, the plots df/l whereb = (ZpZa€?)/(4mecerpaksT), Na is Avogadro’s number,

andt®/t for CH3CN solutions are exactly co-linear. This clearl ; ; o ;
indicates that |3n CBCN dynamic uenci/ﬂn occurs exclusively 718 t-h(-a _solvent wscosnye_ s the ele_ctrc_m chqrg&o s the
y q g Y permittivity of free spaces is the static dielectric constant of

and ReBo exists as free ions. The SterWolmer data for  he solventrpa is the reaction encounter distand, and Za
solutions in THF contrasts with that in GBIN. Plots of both are the charges on the donor (D) and acceptor (A) ions

I°/l andz°/T are more steeply sloped for THF compared to those respectively, ando andr are the radii of D and A, respectively.
By usingZa = +1 andra = 4.2 A for the (bpy)Re(CQJpy)*

(24) Bolletta, F.; Maestri, M.; Moggi, L.; Balzani, \J. Phys. Cheml974

78 1374. acceptor andp = —1 andrp = 4.7 A for the BzBPb donor
(25) Rybak, W.; Haim, A.; Netzel, T. L.; Sutin, N.. Phys. Chem1981,
85, 2856. (27) Laidler, K. JChemical Kinetics3rd ed.; Harper and Row: New York,

(26) Frank, R.; Rau, HJ. Phys. Chem1983 87, 5181. 1987; pp 212-220.
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andrpa = rp + ra, €q 8 predicts that for C4)€N and THF,
respectively k%™ is 4.0 x 10°° M1 st and 1.0x 10t M~
s L
The I°/l andt°/t data for both CHCN and THF solutions
were subjected to linear-least squares analysis according to eqgs
6 and 7, and th, values are listed in Table?t. As expected,
for CHsCN solutions theks® and k;' values are the same
within experimental error and are close to the diffusion limit
calculated by the DebyeStokes equation. This is reasonable,
given that electron transfer from BzBPhto (bpy*)Re'-
(COXs(py)** is exothermic by~ 0.1 eVi¢? Thek;' value
determined from the THF lifetime data is also in accord with
an electron transfer reaction that occurs at slightly less than the
diffusion controlled limitl¢20 However, a linear fit of the°/I
data for THF solution provides an apparent quenching rate
constant that is substantially greater than that obtained by
lifetime quenching and slightly greater that the diffusion limit
estimated by DebyeStokes equation. This observation clearly
indicates that static quenching occurs in this solvent. . i o, !
Under conditions where static quenching occurs, the steady- 300 350 400 450 SO0 550
state emission intensity of the (bpy)Re(G@Yy)* chromophore

Absorbance Change

. Vilswaangth (nm)
is expected to follow a dependence of the fGRS _ ) o L
Figure 3. Transient absorption-difference spectra: (A) 120 PR
|° in THF solution, delay times ranging from 0 to 400 ns after laser pulse;
em_ 1+ quO[Q])(]_ + BK,p[Q]) 9) (B) 58 mM RePFR; and 100 mM triethylamine in THF solution, delay

times ranging from O to 4@s after laser pulse; (C) 120 mRePk
and 360 mMTBo in THF solution, delay times ranging from 0 to 3.2

Iem

wherek, is the rate constant for diffusional quenchigigs the us after laser pulse.
ratio of the extinction coefficients for the (bpy)Re(G@y)* o .
chromophore as a free ion and in the ion-paéin{pair/ €free ion)s (2) the quantum efficiency for formation of the electron transfer

K is the assocation constant for the [(bpy)Re(gO) Products. These studies were carried out in THF andGH
(py)*,BzBPh] ion pair, and [Q] is the concentration of the  With the objective of determining whether ion-pairing has an
benzylborate quencher. This equation predicts that the plot of effect on the nature and/or yields of the electron transfer
1°/1 will display upward curvature. Inspection of Figure 2A  products. All experiments were carried out with the concentra-
reveals that over the concentration rangeTd&o that was tion of (bpy)Re(COYpy)* held at 12Q«M and the concentration
examined, curvature in the/I plot is not readily apparent. of BzBPh~ was adjusted by addition ofBo. The optical
However, the SteraVolmer experiments in THF were limited density of solutions at the laser excitation wavelength (355 nm)
becausélBo was not soluble above 1 mM. Furthermore, the was matched in all samples.

experiments were not carried out at constant ionic strength, and  Figure 3A illustrates transient absorption difference spectra
previous studies demonstrate that under these conditions lineafor a solution ofRePFs in THF at delay times ranging from 0
plots of I°/l are observed for systems in which ion-pairing is t0 400 ns following laser excitation. The strong absorption at
important?5 Nonethe|essy in an effort to provide an estimate 370 nm and moderate bIeaChing at 320 nm are characteristic of
for Kip, eq 9 was used to fit the plot 6%/l for the THF solution ~ the Re— bpy MLCT excited state. In accord with this
data. The dashed line in Figure 2B was calculated by using eqassignment the transient decays with= 240 ns, in good

9 withkq = 3.4 x 10°M~1sL, g =1.0, andKp = 8 x 1C® agreement with the emission lifetime. The difference molar
M~L While the value oKp arrived at in this manner is clearly ~ absorptivity for the MLCT state oRePFs in THF at 370 nm
only an approximation, it is in accord with values determined (Aes7)) was determined to be 11 300 Mcm! by the relative

by Kochi and Bockman for ion-pairs comprised of monovalent actinometry method relative to the MLCT state of (bpy)Re-
organic cations paired with monovalent organometallic anions (CO)(4-benzylpyridine} in CHsCN (Aez7o = 11600 M

in THF solution?? cm .2 _ . ,

In summary, the SteraVolmer luminescence guenching Figure 3B illustrates transient absorption spectra for a solution
experiments lead to the following conclusions. (1) In{CM of RePFs in THF with 100 mM of triethylamine electron donor
solution for concentrations5 mM quenching of the Re> bpy at delay times ranging from O to 43 following laser excitation.

MLCT state occurs exclusively by dynamic quenching. Noion- The difference absorption spectra are assigned to the neutral
pairing is apparent within this concentration range. (2) In THE complex, (bpy*)Re(COX(py), that is produced by electron
solution MLCT quenching occurs by static and dynamic transfer quenching of the MLCT excited state by triethylamine,
pathways. In this solvent ion-pairing is significant even at i.e. b
concentrations<0.1 mM. (3) The luminescence data is
consistent with an association constiit= 8 x 10° M~ for (bpy )RE'(CO)(py)™* + NEt,—
ReBoin THF. —o +e

Transient Absorption Spectroscopy. Nanosecond laser (bpy )Re’(CO)S(py)+ NEL;™ (10)

flash photolysis experiments were carried out in order to identify . .
the following: (L) the primary products of excited state electron 1€ (PPY*)RE(COX(py) chromophore displays a moderate

transfer between the Re(l) cation and the benzylborate anion;_(differen_ce) absorption at 350 nm and a W_eak band at 490 nm
in the visible. The neutral complex persists for long times

(28) A priori the I°/I data for THF solutions should not be linear. This ~ following laser excitation because NEt irreversibly decom- .
point is discussed more thoroughly below. poses and therefore cannot undergo return electron transfer with
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the reduced comple®. In previous work we have determined
that the molar absorptivity of the (bpy)Re(CO)(py) chro-
mophore at 350 nm iAezso = 5800 M1 cm1.21b
Figure 3C illustrates transient absorption spectra for a THF
solution of RePF in the presence of 368M TBo for delay
times ranging from 0O to 3.2s following laser excitation. The
spectrum at the earliest delay time features a band at 370 nm
which is characteristic of the Re bpy MLCT state; however,
the spectra at later delay times are clearly due to the neutral
complex (bpy*)R€(COX(py). The transient absorption at-
tributed to (bpy*)R€(CO)(py) does not decay substantially
within the timescale accessible by the nanosecond flash system S —
(200us), indicating that return electron transfer to the oxidized o 2 4 & 8 10 12
benzylborate donor is infeasible. The luminescence quenching
studies indicate that under the conditions used for the data shown
in Figure 3c,>90% of the Re— bpy MLCT state is quenched  Figure 4. Plot of concentration of (bpy)Re(CO)(py) vs concentration
and approximately (75%) of the Re(l) is present in ion-pairs ofMI__CT excited state, (bpy)Re(CO)(py)**, produced at laser powers
with the benzylborate anion. Thus, the data in Figure 3c are ranging from 0.1 to 2.0 mJ/pulse. Circles and squares represent data
. . . for THF and CHCN solutions, respectively. The solid line represents
consistent with the prompt formation of (bpYRe(COR(PY)  the linear regression fit to the two data sets. The slope of the line is
via photoinduced electron transfer from the benzylborate anion g go.
(egs 4 and 5) followed by rapid decomposition of the benzylbo-

O THF
O AN

-
o
1

©
|

6 -

Calculated concentration of Re-0 (uM)

o

Calculated Concentration of Re,, . (uM)

ranyl radical via G-B bond fragmentation plot of the concentration of (bpy)Re(COX(py) produced in
the sample solution vs the concentration of the-Rbpy MLCT
PhCHBPh; — PhCH; + BPh, (11) state produced in the actinometer at corresponding laser powers.

Several features are of interest with respect to this data. First,
o the slope of the correlation in this figure is equal to the ratio of
The C-B bond fragmentation is expected to produce the the concentration of (bpy)Re(COX(py) produced in the sample
benzyl radical which absorbs moderately at 318 Am: 8000 to the concentration of the MLCT state produced in the
M~ cm™);3% however, the absorption of this transient is is not  5¢tinometer, averaged over the range of laser powers used for
apparent in Figure 3C. This may be due to strong ground statethe experiment. Assuming that the quantum efficiency for
bleaching which is observed between 300 and 330 nm due toformation of the MLCT state is unity, this ratio provides the
deplenon_of the grour_ld state Re(l) chromophore. quantum yield for formation of the (bpg)Re(COX(py) by
A transient absorption experiment carried out on aCM photoinduced electron transfer. The interesting feature is that,
solution ofRePFs that contained’Bo at a concentration of 1.6 gy the experiments in THF and GBN, the data follow the
mM produced time resolved spectra that are virtually the same same correlation and the slope is approximately 0.92. In view
as those shown for the THF solution in Figure 3c. Thus, the of the fact that in both solvents the transient absorption
quenching of the Re~ bpy MLCT state by BzBP4T in the experiments were performed under conditions where the MLCT
more polar solvent environment also produces the neutral gtate was quenched with 90% efficiency (i¢.= 0.90), this
complex (bpy*)Re(COx(py). _ _ result indicates that in both GBN and in THF (bpy*)-
A series of quantitative transient absorption studies were Ré(COX(py) is produced withunit efficiencyfollowing BzBPh~
effected to determine the absolute quantum yield of (tpy guenching of the Re~ bpy MLCT state.
Re(CO)(py) that is produced by photoinduced electron transfer.  steady State Photochemical ProductsAlthough the work
The objective of these experiments was to compare the presented herein is primarily concerned with the initial products
efficiency for formation of the neutral complex: (1) in THF  produced by photoinduced electron transfer ReBo (i.e.,
solution where (bpy)RECOX(py)* is present largely as ion-  products present within 56s of excitation), several qualitative
pairs with BzBPl™ and static quenching predominates; (2) in - experiments were carried out to determine the identity of the
CHsCN solution where (bpy)RECO)s(py)* is present predomi-  yjtimate product(s) produced by continuous photolysis. Before
natly as the free ion and only diffusional quenching occurs. In presenting these results, however, it is useful to note that several
order to allow direc_t comparision of _the yields_ in the two groups have studied the reactivity of 19 @mplexes of type
solvents, the experiments were carried out with the same (ppy—+)Re(CO}(L), where L is either a neutral ligand such as
concentration of (bpy)RECO)(py)* (to insure that the samples  pyridine or R-CN or an anion such as halide or trifl&e?2

had the same optical density); however, fiBo quencher  These studies suggest that the T9cemplexes are unstable
concentration was adjusted such that 90% MLCT quenching and dissociate into a 17 eradical via loss of L (eq 12).

was achieved in both solvents (§EN, [RePFK] = 120 uM,

[TBo] = 1.6 mM; THF, RePFg] = 120 uM, [TBo] = 300 (bpy ")Re(CO)(L) — (bpy)Re(COYy +L  (12)

uM). In both cases the yields of (bpyRe(CO)(py) were

determined relative to the yield of the Rebpy MLCT excited Electrochemical studies suggest that this process takes place

state produced in a THF solution &%ePFs for laser powers on timescales ranging from milliseconds to seconds after

ranging from 0.1 to 2.0 mJ/pulse (see Experimental Section for reduction®? Thus, the 19 e species (bpy)Re(COX(py) is

details). anticipated to be stable on the time scale of the transient
Figure 4 illustrates a compilation of the quantitative transient absorption experiments presented above, while permanent

absorption data for THF and GBN solutions presented as a photochemistry observed fé&teBois expected to derive from

(29) Monserrat, K.; Foreman, T. K.; Qel, M.; Whitten, D. G.J. Am. (31) O'Toole, T. R.; Younathan, J. N.; Sullivan, B. P.; Meyer, Tinarg.
Chem. Soc1981, 103 6667. Chem.1989 28, 3923.
(30) Chatgilialoglu, C. IrHandbook of Organic Photochemistigcaiano, (32) Stor, G. J.; Hartl, F.; van Outersterp, J. W. M.; Stufkens, D. J.

J. C., Ed.; CRC Press: Boca Raton, FL, 1989; Vol. Il, p 1. Organometallics1995 14, 1115.
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secondary reactions of the 17 mdical, (bpy)Re(CQ) which the orbital basis for the IPCT absorptionReBobears a close
forms by dissociation of (bpy)Re(CO}(py).3132 In view of analogy to IPCT bands previously observed in ion-pairs
these facts, the photoproducts of continuous photolysiedfo comprisingorganic pyridinium and bipyridinium cations with
are expected to arise either by dimerization of (bpy)Re@CO) organic or organometallic anions. For example, Sullivan et al.
or coupling of the metal and benzyl radicals (eqs 13 and 14). observed an IPCT absorption bandlatx = 360 (emax = 150
M~1 s1) for CH;CN solutions of the salt 1)dimethyl-4,4-

2(bpy)Re(COY — (bpy)(CO)Re-Re(COXbpy) (13) bipyridinium tetraphenylborate, [I\/R_?‘][BPh4f]2.34 IPCT bands
in salts comprising pyridinium cations paired with organome-

(bpy)Re(COY + PhCH; — (bpy) (CO)Re-CHPh (14) :;igir(]:léanions have also been reported by by Kochi and Bock-

] ) ) o ) The energy of an IPCT absorption band for a charge transfer
Our first experimental investigations examined the changes sat in solution is given by

in the UV—visible absorption spectrum induced by photolysis
of a degas_se_d Cj_EtN solution ofReBo (c = 1.2 mM) at 43§ _ AEper = AE;,— AGp + 1 (15)
nm. Irradiation induces the appearance of a broad visible
absorption band withmnax~ 450 nm and a concomitant decrease

in the near-UV absorption dReBo. An isosbestic point at

~ 400 nm is maintained during the early stages of photolysis

(to ca. 25% conversion). Next, FTIR studies were carried out ) : ;
to monitor changes in the carbonyl stretching baniso)( acceptor, respectivel\Gp is the free energy for formation of

induced by photolysis. In C}l, solution ReBo exhibits the ion-pair from the free ions, ands the reorganization energy

characteristio'co bands at 1936 cnt (broad) and 2037 crit associated with the optical ion-pair charge transfer transition.
The FTIR spectrum of the photoproduct(s) in £&Hp (produced For the ReBo systleml, It is (ﬁpOSS'blesto estimajer 1.0 e,\//
by irradiation ofReBoat 436 nm in degassed GEN solution) éog'PeXp(i”T(e)gt?/ an U%S /E'PC_T - 'Sf fg/v\lfl/Z(%ZABgm_
is characterized byco bands at 1897 cmi (broad) and 2023 zBPhy) = 1.09 V, Exa(bpy/bpy™) = —1. andabp =

cm™. Finally, the mass spectrum of the photoproduct mixture —0.23 eV. As noted above, Kochi and Bockman have
(IOW resolution positive ion FAB) shows prominent ionsmae |nVeSt|gated the spectroscopic properties ion-pair Charge transfer
517 andm/e 42’7 in salts of the form ACo(CO),~, where A is a cationic

pyridinium or quinolinium catiortY Extrapolation of a plot of
AEjpct vs AEy; for the AtCo(CO),~ series toAE;, = 0 leads
to an estimate of = 0.9 eV after correction foAGp. Thus,

where AEjpct is the absorption band maximumE;,; is the
difference between the half-wave potentials for electrochemical
oxidation and reduction of the anionic donor and cationic

The product studies are consistent with the overall photo-
chemistry occurring as suggested by eq 14, with (bpy)Re{€0)
CH,Ph being the major photoproduct. The YVisible ab-

; P : : there is good qualitative agreement between the valueg of
sorption data indicate that the major photoproduct has a single 5 ~ ;
visible absorption band which is at a lower energy compared calculated for th&keBoand ACo(CO),~ systems, a fact which

to the MLCT absorption of (bpy)Re(Calpy)t. This is supports the IPCT assignment for the weak band seeRdBio

inconsistent with the visible absorption of the dimer (bpy)- in THF.

(CO)Re—Re(CO)(bpy), which displays three visible absorption It i§ also use_ful to draw an analogy between the IPCT salts
bands fmax = 470, 600, and 805 nndf. On the other hand, examined herein and charge transfer complexes formed between

neutral organic electron/donor acceptor pairs in solution. Recent
detailed studies by Farid, Gould, and co-workers provide
remarkable detail concerning the structure and electronic proper-
ties of organic charge transfer compleXesFrom bandshape
analysis of the charge transfer absorption and (exciplex)
fluorescence of a series of complexes they have been able to

Ph is unavailable: however, the fact that the bands for the extracty values for the charge transfer processes in a variety
photoproduct mixture appear at lower frequency compared to of solvents. . For charge transfer_ complexes formed ffom
those for (bpy)Re(CQjpy)* is consistent with-CH,Ph being cyanoaromatic acceptors paired with alkylbenzene donors in
a strongero-donor ligand than py. Finally, the mass spectral moderately polar solvents such as Ckiglvalues ranging from

- - : - 0.5 to 0.8 eV are typica® Of interest is the fact that the
data are in accord with (bpy)Re(C£)CH.Ph being a major . . ~
photoproduct, since the prgminent peak observed@b17 is esnme_lted from_ the IPCT absorptionRéBoand A"Co(CO) .
clearly the parent ion of the benzyl complex and thie 427 salts in THF is Iarger than that observed for the organic
peak corresponds to (bpy)Re(GO)which is the most likely complexes. A poss[blg reason for the Iargmallues qbservgd .
daughter ion which would arise from fragmentation of (bpy)- for the organometallic ion-pairs is that the anion/cation pairs in

the absorption data is consistent with that of (bpy)Re@O)
CH,Ph, which we have previously demonstrated to feature a
MLCT absorption band witlimax = 450 nm33 The FTIR data
also rule out the dimer as a possible photoproduct, for this
species is reported to display fouso bands®2 Unfortunately,

the IR spectrum of an authentic sample of (bpy)Re(=@H.-

Re(CO)}—CH,Ph*. the organometallic salts cannot approach as closely as the
aromatic donor/acceptor complexes which are likely to exist in
Discussion “sandwich” geometries to optimize the donor/acceptor electronic

interaction.

lon-Pair Charge Transfer Absorption. To a first ap- Photochemical Mechanism. The luminescence and transient

proximation, the IPCT absorption band observed for THF absorption data reveal that photoexcitation REBo under

i%u'\;ioonz . ?r:sgsr?z;irci)\::fe ggrr?oraarggla?hsgifsI\/ilno\/?;/'ifﬂge Ig::il) conditions where the salt exists as free ions or as ion-pairs leads

to photoreduction of the (b €0 * acceptor with unit
acceptor. Since the HOMO of the borate is the berbanzyl P (bpy)REOK(pY) P
carbono bonding orbital (i.e.pc-g),2° and the LUMO of the (34) Sullivan, B. P.; Dressick, W. J.; Meyer, T.Jl.Phys. Chem1982
Re(l) complex is ar antibonding orbital localized predominately 86, 1473.

on bpy (i.e.;t*py),212in a one electron approximation the IPCT ~ (35) %)4?0(%)(1,(;'- Rld; l\l/losdyl,: R_-(;j Fg]ridF,) r?' A?:]H Crﬂfé?)é Ss)ed%%gsll(Q)

o . . . . ould, I. R.; Farid, Sl. Phys. Che , . (c
transition isoc—g — 77" bpy. Given theoc—g — 77*ppy assignment, Gould, I. R.; Young, R. H.; Mueller, L. J.; Farid, S. Am. Chem.
Soc.1994 116 8176. (d) Gould, I. R.; Young, R. H.; Mueller, L. J.;
(33) Lucia, L. A. M.S. Thesis, University of Florida, 1993. Albrecht, A. C.; Farid, SJ. Am. Chem. S0d.994 116, 8188.
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Scheme 1

(GpYRe"(py)™* + BeBPhy —= {(6pyRe"(py)"* , B2BPh; | —= {(GpyRe(py) .B2BPhs] — = (opy)Re'py) + BeBPhs

coy o , o) (COPp
+hv -hv, -A
-A — —
" [(bpy)‘.‘e‘@y),sz‘, BPhs} —> (bpy)Re'(py) + Bz® + BPhy
(CO)s (CO)3

[(bpy)l}c‘(py)]+ + BzBPh; 2= [[(bpy)l}e‘(py)]+ ,BzBPh_sl
(CO)3 (CO)3
1 2

quantum efficiency. Scheme 1 illustrates a number of possible lifetime apparatus used for these studies, it is only possible to
mechanistic pathways that could explain the experimental estimate a lower limit forky—s > 10° s71. However, it is
observations. In this scheme a variety of “states” are labeled important to note that even witky—s ~ 10° s~1 the rate of
with boldface numerals; for example the ground state free ions electron transfer is sufficiently fast such that geminate pasr
and ion-pair are labeledl and 2, respectively. formed with unit efficiency upon photoexcitation of ion-pair

It is important to note that some intermediate “states” in the (i.€., relaxation o# by radiative and/or nonradiative decay is

photochemical mechanism may exist in one or more “forms”.
Specifically, two pathways are envisaged for formation of
encounter comple#, which consists of the MLCT excited state

Re(l) cation in close proximity to the benzylborate anion. Thus,

not competitive with electron transfer).

Three channels are available for decay of geminate radical
pair 5. The first is return electron transfeb {~ 2) and leads
back to starting materials without net photochemistry. The other

two channels both lead to irreversible photoreduction of (bpy)-
by direct MLCT photoexcitation of the ground state ion-pair, ~Re(COX(py)*. One channel involves-€B bond fragmentation
— 4. Although 4 has the same electronic configuration Wwithin geminate radical pak followed by cage escap® (—~ 6
regardless of the pathway, details such as solvation state, ion-— 8), while the other is cage escape to form free radicals
pair geometry, average separation distance, and d@uomeptor followed by C-B bond fragmentations( — 7 — 8). The
electronic coupling may be path dependent. In a like manner quantitative transient absorption experiments indicate that
it is possible that geminate radical p&ir which is produced (within experimental uncertainty) irreversible photoreduction of
by electron transfer from the borate to the Re(l) complex, may (bpy)Ré(CO)(py)" occurs with unit quantum efficiency when
exist in different solvation states and average inter-radical corrected for the efficiency of MLCT quenching. This indicates
separation distance. For example, geminate pawwhich is that return electron transfeb (~ 2) does not occur and that
formed by diffusional encounter followed by electron transfer decays exclusively by one (or both) of the other channels. The
(3 — 4 — 5), very likely has a greater average separation fact that return electron transfer does not take place to a
distance and weaker electronic coupling between the Re andmeasurable extent if indicates that the competing processes
boranyl radicals compared to the geminate pair which is formed occur with (a sum of) rates that exceed the rate of return electron
by direct IPCT excitationZ + hy — 5).352 transfer by at least a factor of 20. Previous studies of the cage
On the basis of the experimental data obtained for solutions €scape efficiency for bimolecular photoinduced electron transfer
of ReBoin CHsCN and THF, some conclusions can be drawn in the (bpy)RECOX(py)*" system suggest that return electron
with regard to the pathways for formation of geminate radical transfer in5 will occur with a rate in excess of & 107 s~.21
pair 5. First, in CHCN static quenching of the Re> bpy If this is correct, then the experimental observation that return
MLCT emission was not observed. This result indicates that €lectron transfer cannot compete with bond fragmentation and/
in this solvent the predominant path to the geminate radical pair O cage escape implies that the latter processes occur with a
is diffusional encounter followed by electron transfér—¢ 4 sum of rates that exceed 0s™t. We conclude that the
— 5). By contrast, in THF solutioReBoexists predominantly ~ dominant pathway for decay of geminate paiis C—-B bond
as ion pair2. In this case, geminate radical p&ircan be  fragmentation within geminate radical paifollowed by cage
produced either via MLCT excitation followed by electron €scape®— 6 — 8). This conclusion is based on observations
transfer 2 + hv — 4 — 5) or by direct IPCT excitationZ + by Schuster and co-workers which indicate thatBCbond
hw — 5). Unfortunately, due to overlap of the IPCT and MLCT  fragmentation in boranyl radicals of the type-RPhs" (R =
transitions inReBg it is not possible to photoselect one of these alkyl or benzyl) occurs at a rate in excess of 16120 The
two pathways. However, since the oscillator strength of the results of the present study are consistent with these findings,
MLCT transition is 20- to 30-fold larger than that for the IPCT  in that return electron transfer within geminate aialthough
transition, it is likely that forReBoin THF the geminate pair ~ €xpected to be competitive with cage escape, clearly cannot
is formed almost exclusively via the MLCT state. compete with the exceedingly fast bond fragmentation process.
A significant point concerns the rate of electron transfer within
encounter compleA (i.e., ks—s). In the luminesence lifetime
studies ofReBoin THF a short-lived decay component that
could be ascribed td was not observed. Given the relatively indicate that the Re~ bpy MLCT excited state is efficiently
low radiative rate of the Re- bpy MLCT state k ~ 10P s71)?12 quenched by electron transfer from the benzylborate anion.
and the 500 ps time resolution of the single photon counting Regardless of whether MLCT quenching occurs via a diffusional

4 forms either by diffusion of the free ions togeth8r~ 4, or

Summary and Conclusions

The luminescence and transient absorption studid®edo
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pathway or within a preformed ion-pair, return electron transfer formed by IPCT excitation compared with those formed by
within the geminate radical pair formed by electron transfer does excitation of the Re—~ bpy MLCT state in the ion-pair. Thus,
not occur and therefore irreversible photoreduction of the current work on Reborate ion-pairs is directed to preparation
acceptor cation occurs with unit quantum efficiency. Return of ion-pairs in which the IPCT absorption is clearly red-shifted
electron transfer is precluded by ultrafast dissociation of the from the Re— bpy MLCT transition.

C—B bond in the boranyl radical.

Unfortunately, with theReBo system it is not possible to Acknowledgment. We gratefully acknowledge support for
use photoselection to compare the quantum efficency for this project from the National Science Foundation (Grant No.
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recent observations concerning cage escape yields in ion-pairdC9605074
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