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The mononuclear [(DEAS-bpy)Re(C{BPP)]", [[DEAS-bpy)Re(COYXBPP-Me)f", and [(bpy)Re(CQYBPP)]"

and the binuclear [(DEAS-bpy)Re(C)-BPP)Re(COXDEAS-bpy)F" complexes have been prepared, and
their electrochemical and photophysical properties have been investigated (DEAS4AMybis[p-(diethylamino)-
a-styryl]-2,2-bipyridine, BPP= 1,10-bis(4-pyridyl)-3,8-dimethyl-1,3,5,7,9-decapentaene,bj2y2 -bipyridine).

The electrochemical behavior of these complexes shows that reduction occurs first on the BPElrgand.85

V vs SCE) and then on the DEAS-bpy ligarid4£ —1.30 V). The site easier to oxidize is on the amines of the
DEAS-bpy ligand E ~ +0.70 V); other oxidation processes occur at more positive potential on the ligands and
on the metal center. The complexes containing both the DEAS-bpy and the BPP ligands phosphoresce in rigid
matrix at 77 K from &LC state of the DEAS-bpy ligandiax ~ 675 nm,z > 350us); no emission is observed

at room temperature in fluid solution, where a long-lived«{(4 us) species is observed through transient absorption
measurements. By combining electrochemical and photophysical data, it is concluded that following light excitation
a charge-separated state is formed, which is noticeably long-lived compared to that observed in other donor
acceptor complexes in homogeneous solution.

abbreviations of the ligands and of the complexes dealt with in
. . . this paper. We will focus on the characterization of the
One_of the most active _research subject_s being pursuedcomplexes [((DEAS-bpy)Re(BPP)] [(DEAS-bpy)Re(BPP-
worIdW|de_ concerns the de_S|gn and constructmr;géf molecular- Me)J2+, and [(DEAS-bpy)Re(u-BPP)E", containing the two
difterent approaches are being folowed, but the overal goal, DEAS™DPY and BPP ligands.  As we wil see, the DEAS-bpy
in all casegpinvolves establishgment of tﬁe design featureg th:;ltIIganOI 's an electron do_nor, whereas the .BP.P ligand is an
permit Iogic;al signal generation upon external stimulation electron acceptor. The simultaneous coord_lnatlor_\ of BPP and
Within this context intramolecular photoinduced redox separa{- DEAS-t_)py on the same metal center gives rise to very
interesting donotracceptor complexes, which form a long-lived

ggge;go?O;egﬁﬁsmggﬂﬁgmgngna eclﬁgtr:woicr:]atlrigiiirc)r?o;}g\;viﬁg charg_e-separated state foIIovying light excitaﬂén‘l’_he under- _
bonding ,to a macroscopic’ Support is a very important target standing of the electroc_hemlcal and ph_otophy_smal properties
. " . . " of such complexes requires the comparison with the behavior
In the field of transition metal chemistry, polypyridyl of the free ligands DEAS-bpy and BPP, and of the model

complexes of Ru(ll), Os(ll), and Re(l) have been used exten- DEAS- ReCl Re(BP |
sively in the study of photoinduced charge-separation pro- [ S-bpy)ReCl] and [(bpy)Re(BPP)jcomplexes.

cesse§ 16 Among these compounds, the Reftjicarbonyl . —— : . : :

complexes appear particularly interesting not only for their (&) Seiler, M.; Dur, H.; Willner, 1.; Joselevich, E.; Doron, A.; Stoddart,
. . L . J. F.J. Am. Chem. S0d.994 116, 3399.

photophysical properties but also because it is challenging to (9) Yonemoto, E. H.; Saupe, G. B.; Schmehl, R. H.; Hubig, S. M.; Riley,

synthesize species containing two different ligands connected R. L, Iverson, B. L.; Mallouk, T. EJ. Am. Chem. S0d.994 116,

Y ; 4786.
to the samdac-Re(CO); core. Figure 1 shows formulas and (10) Harriman, A.: Odobel, F.; Sauvage, .52 Am. Chem. Sod.994

116, 5481.
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Experimental Section the optical dilute metho#f,with [Ru(bpy)]?* in air-equilibrated aqueous
solution as the quantum yield standar® € 0.028)2*
General Methods. *H (200.1 MHz) and*C{*H} (50.3 MHz) NMR Transient absorption measurements were performed on samples

(Bruker SY-200 or AC 200) spectra were recorded at room temperature, degassed by freez@ump-thaw cycles. Sample concentration was
unless otherwise specified, using perdeuterated solvents as internalp the range 310 x 105 M. Excitation was performed using the
standards:0 (H) in ppm relative to residual protiated solventin CRCl 355 nm line of a JK System 2000 YAG-DPLY laser. The excitation
(7.26), CDCI> (5.32), COCN (1.94);6 (C) in ppm relative to CDGI beam was perpendicular to the analyzing path, which employed a PTI
(77.03), COCl, (53.84), CRCN (118.26). Carbon signals were 150\ Xe lamp. Spectra of transients were acquired at suitable delay
detected as singlets, and chemical shifts are quoted in ppm oh the times after pulse excitation with a EG&G PARC 1460 optical
scale with coupling constants expressed in hertz (Hz). Fast atomic myltichannel analyzer. Kinetic absorption measurements at selected
bombardment (FAB, positive mode) mass spectra were recorded on ayayvelengths were accomplished using a Tektronix 466 storage oscil-
ZAB-HF-VB analytical apparatus im-nitrobenzyl alcohol frNBA) loscope (time resolution 10 ns). The obtained trace was digitized, and
matrixes using Ar atoms for the bombardment (8 keV), and electrospray the kinetic analysis was performed with a personal computer.
mass spectra (ES-MS) were recorded on a Bio-Q analytical apparatus, Estimated errors are as follows: redox potenti&l20 mV; molar
in acetonitrile, using grammicidim as the internal standard. FT-IR absorption coefficients, 10%inay 2 NM; excited state lifetimes, 10%;
spectra were recorded on a Bruker IFS 25 spectrometer with samplesginetic constants, 15%.
in KBr pellets or in solution with KBr cells. Melting points were Materials. DEAS-bpy liganc?? [(DEAS-bpy)Re(CO)CI], 2 BPPZ3
obtained on a Behi 535 capillary melting point apparatus in open- (BPP-Me)?* 2% and [Re(bpy)(COLI] 242 were synthesized as
ended capillaries gnd were uncorrected. Elgmer.ltall analysis wasgegcribed elsewhere. AgeFO; (Aldrich 17,643-5) and CfSO;Me
performed by Service de Microanalyse de I'Univerditaiis Pasteur  (ajdrich 16,428-3) are commercially available. All reactions were
de Strasbourg, I_:rance. Chromatography was carried out on aluminacarried out under dry argon by using oven-dried (P4) Schlenk-
(Merck 90). Thin-layer chromatography (TLC) was carried out on  ype glassware. Solvents, including deuterated solvents were dried over
Kieselgel 60 Bss glass plates (Merck), visualization being by either a  gjitable reagents and freshly distilled under argon before use.
UV lamp, 5% KMnQ, solution in water, iodine vapor, 5% solution of Al of the rhenium(l) complexes described within this paper have a
phosphomolybdic acid in ethanol or cerium(IV) sulfate/ammonium ¢,ia| (fac) configuration of the three carbonyl ligands as inferred by
molybdate(VI) tetrahydrate4$0, 10% reagent followed by heating  |r and NMR spectroscopies.
to ca. 150°C on a hot plate. Characterization of BPP. H NMR (CD,Cl,, 25°C) 6 8.49 (d,%]
Electrochemical experiments were carried out in argon-purged = g0 Hz, 4H), 7.30 (d3J = 6.0 Hz, 4H), 7.10+ 6.55 (2d, AB system,
acetonitrile solution with a Princeton Applied Research 273 multipur- 33 = 16.0 Hz, 2-2H), 6.83+ 6.70 (2d, AB system3J = 5.0 Hz,
pose instrument interfaced to a personal computer, using cyclic 24+2H), 2.06 (s, 6H)3C{*H} NMR (CDCl, 25 °C) ¢ 150.09 (CH),
voltammetry (CV) and differential pulse voltammetry (DPV) techniques. 144.87 (CC), 137.52 (CH), 136.09 (CC), 135.13 (CH), 131.13 (CH),
The working electrode was a glassy carbon electrode (0.G8Amel); 125.43 (CH), 120.65 (CH), 12.8TH;C=). FAB" (m-NBA) 315.3
its surface was routinely polished with a 0 0% alumina-water slurry [M + H]*.
on a felt surface immediately prior to use. The counter electrode was  characterization of [(DEAS-bpy)Re(COXCI] Symbolized as
a Pt wire, and the reference electrode was a saturated calomel eleCtVOdRDEAS-bpy)ReCI]. 13C{1H} NMR (CDCl, 25°C) 6 196.96+ 193.38
(SCE) separated with a fine glass frit. The concentration of the (Re—CO), 155.89, 151.48, 148.93, 137.91, 129.96, 122.97, 119.19,
examined compounds was usually 50104 M; 0.05 M tetraethyl- 118.00, 112.29, 44.89CH,CHs), 12.63 (CHCHs); FAB* (m-NBA)
ammonium hexafluorophosphate was added as supporting electrolyte.gng 2 [M+ H]*, 781.2 [M+ H — COJ*, 753.2 [M+ H — 2COJ',
Cyclic voltammograms were obtained at sweep rates of 20, 50, 200, 715.4 [M+ H — 2CO — CI]*, 690.2 [M+ H — 3CO — CI]*.
500, and 1000 mV$; DPV preriments were performeq with a scan Synthesis of the New Rhenium(l) Complexes. [(DEAS-bpy)Re-
rate of 4 mV s?, a pulse height of 10 mV, and a duration of 40 ms. BPP)(CO)J(CFsS0;) Symbolized as [(DEAS-bpy)Re(BPPl. AgCFs
For reversible processes the same halfwave potential values are obtaine 0 (0.095 g, 0.37 mmol) was added as solid to a solution of [(DEAS-
from the DPV peaks and from an average of the cathodic and anodic bpy)Re(COJCI] (0.150 g, 0.186 mmol) in dry acetone (50 mL). After
cyclic voltammetric peaks. For irreversible processes the reported e reaction mixture was refluxed under argon afCQvernight, the
values are those evaluated from the DPV peak. Both CV and DPV gspension was filtered over Celite. The yellow solution was added
techniques have been used to measure the number of exchange@Irop\,\,iSe to a solution of BPP (0.070 g, 0.223 mmol) in anhydrous
electrons in each redox processiilizing as reference compound [RU-  gthanol (50 mL). At this point the color of the reaction mixture was
(bpy)]?*, for which the oxidation and reduction processes are reversible deep-orange. The solution was stirred at°@for 4 h, whereupon
and monoelectronit’. To establish the reversibility of a process, we  the color changed to deep-red. Evaporation of the solvent gave the
used the criteria of (i) separation of 60 mV between cathodic and anodic ¢y ge product (0.225 g), which was chromatographed on alumina,
peaks, (ii) close to unity ratio of the intensities of the cathodic and activity 11—l (110 g), with a gradient of £2% methanol in
anodic currgnts, and (iji) constancy of the peak potential on changing gichloromethane as eluant. The analytically pure [(DEAS-bpy)Re-
sweep rate in the cyclic voltammograms. (BPP)(CO)](CFsSOy) complex was obtained after recrystallization in
Absorption spectra were recorded with a Shimadzu UV-260, a Perkin- dichloromethane/hexane (0.202 g, 88%#t NMR (CD.Cl,, 25°C) 6
Elmer 15, or a Perkin-Elmei6 spectrophotometer. Molar extinction  8.82 (d,3) = 5.8 Hz, 2H), 8.46 (s, 4H), 7.98 (&) = 5.9 Hz, 2H), 7.56
coefficients were determined from absorbance measurements on at leasim, 10H), 7.12 (m, 8H), 6.68 (d) = 5.8 Hz, 4H), 6.46 (m, 4H), 3.42
two different concentrations of complex. Luminescence experiments (¢, 3] = 6.8 Hz, 8H, G1,CHs), 2.13 (s, 3H, CH), 1.98 (s, 3H, CH),
were performed in dilute (ca. 10 M) acetonitrile solutions at room 1.18 (t,3) = 6.8 Hz, 12H, CHCH3); 3C{*H} NMR (CD,Cl,, 25°C)
temperature and in a 4:1 (v/v) methanol/ethanol rigid matrix at 77 K, § 197.00+ 192.78 (Re-CO), 156.37, 152.23, 151.54, 150.16, 149.87,
by using a Perkin-Elmer LS-50 spectrofluorimeter equipped with a red- 141.83, 139.85, 138.31, 137.79, 135.26, 133.23, 131.19, 130.49, 126.29,
sensitive Hamamatsu R928 photomultiplier. Luminescence maxima 123.32, 122.49, 121.35, 121.09, 117.55, 112.86, 111.81, 4€i89 (
reported are uncorrected for photomultiplier response. LuminescenceCHj), 12.79 (CHCHa), 12.71 CHsC=), 12.68 CHsC=); FAB* (m-
lifetimes were measured with an Edinburgh 199 single-photon counting
apparatus (Plamp, 310 nm, time resolution 0.5 ns). Excitation spectra (20) Demas, J. N.; Crosby, G. A. Phys. Cheml971, 75, 991.
were performed on all luminescent compounds, obtaining a good match(21) Nakamaru, KBull. Chem. Soc. Jpri.982 55, 2697.
with the respective absorption spectra. Luminescence quantum yields(22) Juris, A.; Campagna, S.; Bidd, I.; Lehn, J.-M.; ZiesselnBrg. Chem.

were measured with a Perkin-Elmer LS-50 spectrofluorimeter, following 1988 27, 4007. o _
(23) Blanchard-Desce, M. Tee de Doctorat, Universite Paris 6, 1989.
(24) Abel, E. W.; Wilkinson, GJ. Chem. Socl959 1501.
(18) Flanagan, J. B.; Margel, S.; Bard, A. J.; Anson, FJCAm. Chem. (25) Zingales, F.; Graziani, M.; Faraone, F.; Bellucojtbrg. Chim. Acta
So0c.1978 100, 4248. 1967 1, 172.
(19) De Armond, M. K.; Carlin, C. MCoord. Chem. Re 1981, 36, 325. (26) Vitali, D.; Calderazzo, FGazz. Chim. Ital1972 102, 587.




Multicomponent Re(l) DonorAcceptor Complexes

NBA) 1087.3 [M — OTf]*, 1059.3 [M— OTf — CO], 773.2 [M—
OTf — BPP]; ES-MS (CHCN) m/z 1087.2 [M — OTf]* calcd value
1087.3; IR (KBr pellet, cm?') vco 2025, 1925, 1907. Anal. Calcd for
CsoHeoNsOsFsSRe M, = 1236.446): C, 58.29; H, 4.89; N, 6.80.
Found: C, 58.14; H, 4.76; N, 6.63.
[(DEAS-bpy)Re(BPP-Me)(CO}](CF3S0s), Symbolized as [(DEAS-
bpy)Re(BPP-Me)f". CRSO;Me (9.2 uL, 0.081 mmol) was added
to a solution of [[DEAS-bpy)Re(BPP)(C) (0.100 g, 0.081 mmol)
in CHxCl, (10 mL) at 0°C, under argon. The deep-red solution was
stirred at 0°C for 75 min, and then additional GEO;Me (9.2 uL,
0.081 mmol) was added dropwise. The mixture was stirred overnight

Inorganic Chemistry, Vol. 37, No. 20, 1998063

which was chromatographed on alumina, activitylll (110 g), with

a gradient of 510% methanol in dichloromethane as eluant. The
analytically pure {(DEAS-bpy)Re(CO3} »(u-BPP)](CRS0s), complex

was obtained after recrystallization in dichloromethane/hexane (0.272
g, 68%): *H NMR (CD.Cl,, 25°C) ¢ 8.79 (d,J = 6.0 Hz, 2H), 8.35

(s, 4H), 8.02 (d3J = 6.0 Hz, 2H), 7.89 (m, 10H), 7.02 (m, 8H), 6.58
(d, 3 = 6.0 Hz, 4H), 6.38 (m, 4H), 3.40 (4] = 6.9 Hz, 8H, G-

CHy), 2.11 (s, 3H, CH), 2.00 (s, 3H, CH), 1.22 (1,3 = 6.9 Hz, 12H,
CH,CHg); ¥*C{*H} NMR (CDCl,, 25°C) 6 197.21+ 192.93 (Re-

CO), 156.54, 152.13, 150.27, 150.02, 141.79, 139.68, 138.28, 137.97,
135.86, 133.12, 131.03, 130.45, 126.28, 123.31, 121.58, 121.26, 117.25,

at room temperature and then quenched with water (5 mL). Evaporation 112.89, 111.56, 44.980(,CH;), 12.86 (CHCH), 12.79 CH:C=);

of the solvent gave the crude product (0.120 g), which was chromato-

graphed on alumina, activity-HIll (100 g), with a gradient of +4%
methanol in dichloromethane as eluant. The analytically pure [(DEAS-
bpy)Re(BPP-Me)(CQ)(CFsSGs), complex was obtained after recrys-
tallization in dichloromethane/hexane (0.105 g, 93%} NMR
(CD.Cl,, 25°C) ¢ 8.83 (d,%J = 5.6 Hz, 2H), 8.48 (s, 2H), 8.03 (&)

= 5.6 Hz, 2H), 7.81 (s, 2H), 7.58 (m, 8H), 7.25 fd,= 5.2 Hz, 2H),
7.05 (m, 4H), 6.68 (m, 12H), 4.19 (s, 3H, pyCHs), 3.39 (9,31 = 6.7

Hz, 8H, CH,CHg), 2.11 (s, 3H, CH), 1.96 (s, 3H, Ch), 1.19 (1,33 =

6.7 Hz, 12H, CHCHa); 3C{*H} NMR (CD,Cl,, 25°C) 6 196.91+
192.92 (Re-CO), 152.24, 152.23, 151.64, 149.81, 146.45, 144.46,

ES-MS (CHCN) nvz929.9 [M — 20Tf]?* calcd value 930.2; IR (KBr
pellet, cnm?) vco 2023, 1922, 1903. Anal. Calcd forgElggN1gO1FeS-
Re+*CH,Cl, (M, = 2158.458+ 84.933): C, 53.00; H, 4.49; N, 6.24.
Found: C, 52.79; H, 4.16; N, 6.13.

Results and Discussion

Synthesis. Complexes depicted in Figure 1 were synthesized
in a straightforward manner: (i) dehalogenation of the starting
metal precursor [(bpy-RR)Re(C&D)I] (RR = DEAS or H) with
silver salts afforded the [(bpy-RR)Re(C{) cation; (ii) sub-

141.36, 139.56, 137.72, 134.61, 132.44, 130.49, 128.07, 124.06, 123.455€duent reaction with bis(pyridine)polyene (BPP) under stoi-

123.20, 122.52, 122.10, 121.42, 117.63, 111.78, 68.51«{@H,),
44.87 CH.CHs), 12.76 (CHCHg); FABT (m-NBA) 1251.5 [M —
OTf]*, 1102.4 [M —20Tf], 773.2 [M — 20Tf — (BPP-Me)], 12.68
(CH3C=), 12.53 CH3C=); ES-MS (CHCN) m/z551.2 [M — 20Tf]*"
calcd value 551.0; IR (KBr pellet, cm) vco 2022, 1921, 1907. Anal.
Calcd for GHsaNsOoFsS:Re (M, = 1400.545): C, 53.17; H, 4.53; N,
6.00. Found: C, 53.02; H, 4.26; N, 5.81.
[(bpy)Re(BPP)(CO)|(CF3S0s) Symbolized as [(bpy)Re(BPP)].
AgCR;S0; (0.128 g, 0.498 mmol) was added as a solid to a solution
of [(bpy)Re(CO)CI] (0.192 g, 0.417 mmol) in dry dichloromethane
(40 mL). After the reaction mixture was refluxed under argon at 60
°C overnight, the suspension was filtered over Celite. The pale yellow

solution was added dropwise to a solution of BPP (0.131 g, 0.417 mmol)

chiometric conditions gave the corresponding [(bpy-RR)Re-
(COX(BPP)]" cation in 83-88% isolated yield; (iii) further
reaction of [(DEAS-bpy)Re(CQIBPP)J" with 1 equiv of
[(DEAS-bpy)Re(COj ™ gave the dinucleaf [DEAS-bpy)Re-
(COX} 2(u-BPP)E™ complex in 68% vyield; (iv) quaternization
of the [(DEAS-bpy)Re(CQIBPP)I" compound with methyl
triflate in anhydrous dichloromethane afforded the [(DEAS-
bpy)Re(CO)(BPP-Me)f dication in 93% yield. All complexes
have been characterized by elemental analysisitdreshd3C-
{IH} NMR, IR, electronic absorption and emission spectros-
copy, and mass spectrocopy (FAB- ES-MS). It is noteworthy
that electrospray mass spectroscopy (ES-MS) confirms the

in anhydrous ethanol (100 mL). At this point the color of the reaction Unique formation of these cationic complexes. The spectra

mixture was deep-orange. The solution was stirred &380uring 24

obtained are clear and readily interpreted, due to the presence

h, whereupon the color changed to deep-red. Evaporation of the solventof several pseudomolecular peaks corresponding to successive

gave the crude product (0.326 g), which was chromatographed onloss of counteranion.

alumina, activity I=III (110 g), with a gradient of £3% methanol in
dichloromethane as eluant. The analytically pure [(bpy)Re(BPP}CO)
(CRS0O;) complex was obtained after recrystallization in dichlo-
romethane/pentane (0.308 g, 83%)H NMR (CDClz, 25°C) 6 9.08
(d, %3 = 5.3 Hz, 2H), 8.78 (d%J = 8.2 Hz, 2H), 8.51 (d%J = 5.7 Hz,
2H), 8.31 (td,3) = 6.7,4 = 1.2 Hz, 2H), 7.95 (d3] = 6.5 Hz, 2H),
7.75 (1,3 = 5.8, 2H), 7.25 (m, 4H), 7.04 (d4) = 5.8 Hz,3) = 5.6
Hz, 2H), 6.78-6.28 (m, 6H), 2.02 (s, 3H, C#j 1.94 (s, 3H, Ch);
BBC{H} NMR (CDsCN, 25°C) ¢ 196.66+ 192.60 (Re-CO), 156.58,

Fragmentation of the complexes in
solution was easily prevented by using a low acceleration
potential. High resolution of the pseudo molecular peak
confirms the global charge of the cations.

In general, all of the complexes and ligands under investiga-
tion are thermally inert in solution, as shown by the constancy
of their absorption spectra for several days. Even during
extensive laser flash experiments only minor decomposition was
observed. In any case, all of the measurements were performed

154.64, 152.44, 150.81, 149.37, 145.67, 142.02, 141.95, 138.39, 138.190n freshly prepared samples.
138.13, 136.88, 135.66, 133.57, 131.88, 129.60, 126.77, 125.56, 123.94, General Properties. The spectroscopic and electrochemical

123.65, 121.55, 12.77CHsC=), 12.58 CHsC=); FAB* (m-NBA)
741.1 [M — OTf]*, 427.0 [M — OTf — BPP], 399.0 [M— OTf —
BPP — COQ], 371.0 [M— OTf — BPP — 2CO], 343.1 [M— OTf —
BPP — 3CO]J; ES-MS (CHCN) m/z 740.8 [M — OTf]?" calcd value
740.9; IR (KBr pellet, cm') vco 2030, 1927, 1909. Anal. Calcd for
C36H30N405F3SR6 MT = 889926) C, 4859, H, 340, N, 6.30.
Found: C, 48.37; H, 3.22; N, 6.14.

[{(DEAS-bpy)Re(CO)} o(u-BPP)](CFsS0Os), Symbolized as
[(DEAS-bpy).Re(u-BPP)P. AgCRSO; (0.048 g, 0.186 mmol) was
added as a solid to a solution of [(DEAS-bpy)Re(&@) (0.150 g,
0.186 mmol) in dry acetone (50 mL). After the reaction mixture was
refluxed under argon at 70C overnight, the suspension was filtered
over Celite. The yellow solution was added dropwise to a solution of
[(DEAS-bpy)Re(BPP)] (0.230 g, 0.186 mmol) in anhydrous dichlo-
romethane (50 mL). The color of the solution turned instantaneously
deep red, showing very fast complexation of the free pyridine subunit

behavior of transition-metal complexes containing polypyridine
ligands with N-N type coordination sites is usually discussed
with the assumption that the ground state as well as the excited
and redox states can be described by localized molecular orbital
configurationg?®27-30 Within such an approximation the oxida-
tion and reduction processes are classified as metal or ligand
centered, respectively, and the various spectroscopic transitions
are classified as metal centered (MC), ligand centered (LC), or
charge transfer (either metal to ligand, MLCT, or ligand to metal,
LMCT).

(27) Balzani, V.; Carassiti, Whotochemistry of Coordination Compounds
Academic Press: London, 1970.

(28) Crosby, G. AAcc. Chem. Red 975 8, 231.

(29) Kalyanasundaram, ®hotochemistry of Polypyridine and Porphyrin
ComplexesAcademic Press: London, 1992.

to the rhenium precursor. The solution was stirred at room temperature (30) Balzani, V.; Juris, A.; Venturi, M.; Campagna, S.; SerroniCBem.

for 10 h. Evaporation of the solvent gave the crude product (0.390 g),

Rev. 1996 96, 759.
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Table 1. Electrochemical Results in Argon-Purged Acetonitrile Solution at Room Tempé&rature

compd Erea [N]® (site) Eox [N]° (site)

DEAS-bpy —2.00 [4] +0.66[2],+1.00i[1],+1.10i

BPP —0.86 [~3], —1.46 i [~'5] +1.00i [*1]

(BPP-Me)?+ —0.63 3] +1.23 1.5]

[(DEAS-bpy)ReCl} —1.27 (DEAS-bpy) +0.69' (DEAS-bpy)

[(opy)Re(BPP)} —0.81[1] (BPP),~1.16 [1] (BPP), +1.00i[1] (BPP)~+1.80 i (Re)
—1.32 [1] (bpy),—1.44 [1]

[((DEAS-bpy)Re(BPP)] —0.88 [1] (BPP),~1.13 [1] (BPP), +0.75 i [2] (DEAS-bpy),+0.92 i [1] (DEAS-bpy),
—1.33 [1] (DEAS-bpy) +1.06 1] (DEAS-bpy or BPP)

[(DEAS-bpy)Re(BPP-Mef —0.83 [2] (BPP),~1.07 [<1] (BPP), +0.74 i [2] (DEAS-bpy),+0.9C (DEAS-bpy),
—1.31 1] (DEAS-bpy) +1.00 (DEAS-bpy or BPP):#1.26 i [1]

[(DEAS-bpy}Rex(u-BPP)R+ —0.87i [1.5] (BPP),~1.01 [1.5] (BPP), +0.73 i [+4] (DEAS-bpy),+0.9C (DEAS-bpy),
—1.30 [2] (DEAS-bpy),—1.48 +1.10 (DEAS-bpy or BPP):#1.40¢ ~+1.80 i (Re)

a Potentials in V vs SCE; unless otherwise noted, the waves are reversible or quasireversible; for irreversible waves (i) the reported value is taken
from the differential pulse voltammetry pedkNumber of electrons exchangedata from ref 229 In DMF. € lll-defined wave.

e N2y ¢ solution at room temperature. The study of the free ligands
MO MG GAd & NG < SN DEAS-bpy and BPP was difficult due to limited solubility of
S BPP S & the two species in acetonitrile. The data concerning the model
7« 7N oo compound [(DEAS-bpy)ReCl] have been taken from the
O M WA ¢ literature?2
\ . N N Reduction Processes.The free ligand DEAS-bpy shows a
DEAS-bpy (BPP-Me,)>* [(DEAS-bpy)ReCl]

single reduction wave at2.00 V, which seems to involve four
electrons. The potential of reduction is typical for a polypyridine

rN( unit.
Z The free ligand BPP shows a first reversible trielectronic wave
at—0.86 V, followed by a second multielectronic wave-t.46
\, o V. By comparison, the molecule (BPP-M&" (which has no
Q solubility problems, so the data are much clearer) shows only

a single trielectronic wave at0.63 V. The easier reduction
of this latter species with respect to BPP is consistent with the
different molecular charge.

For the model compound [(DEAS-bpy)ReCl] only one
reduction process at1.27 V was reporteé? which can be
assigned to reduction of the DEAS-bpy ligand (the only
electroactive ligand present). The shift in reduction potential
featured by the DEAS-bpy ligand upon coordination appears
normal for a polypyridine unit.

Model [(bpy)Re(BPP)i shows a much more complex
behavior due to the presence of two electroactive ligands (bpy
and BPP). The first two reduction processes are assigned to
BPP ligand reduction; most probably the first process is localized
on the pyridine ring coordinated to the Re metal. The third

[(bpy)Re(BPP)I*

\/Nv

[(DEAS-bpy),Re(u-BPP)?* reduction process should involve the bpy ligand, as the value
Figure 1. Formulas and abbreviations of the ligands and complexes Of the potential {1.32 V) is consistent with that of a coordinated
used. polypyridine unit.

) ) o ) In compounds [(DEAS-bpy)Re(BPP)] [(DEAS-bpy)Re-
Pre_v|_ous investigations on R_eﬂ)rlcarbonyl complexes (BPP-Me)E+, and [(DEAS-bpydRex(u-BPP)PE* the presence of
containing polypyridine chelating ligands have shown that as a the two electroactive ligands DEAS-bpy and BPP gives rise to

rule oxidation processes are metal centered (most often irrevers— very rich electrochemical behavior. All three of these
ible), whllezrffagctlon processes are Ilganq centered'(usua”y complexes feature reduction processes at very similar potential.
reversiblef:* As far as the photophysical prop_erﬂe;are By analogy with the behavior of model compounds [(DEAS-
concerned, these complexes are usually MLCT emlﬁfbﬁ%._ _ bpy)ReCl] and [(bpy)Re(BPP)] the first two processes are
As th.e ligands DEAS-bpy_ and BPP are not typical po'yPy”d'”e assigned to BPP reduction, whereas the third one (aredn80
species, these rules will not be strictly followed in our /) isassigned to DEAS-bpy reduction. Note in particular that

complexes. this third wave is reversible, and bielectronic in the case of
Electrochemical Behavior. Table 1 gathers all of the [(DEAS-bpyyRex(u-BPP)E+ '

electrochemical results obtained in argon-purged acetonitrile L L .
gon-purg Oxidation Processes.Oxidation of the free ligand DEAS-

(31) Worl, L. A Duesing, R.; Chen, P.; Della Ciana, L.; Meyer, TJ.J. bpy involves a number of irreversible processes. Noting the

Chem. Soc., Dalton Trang991, 849. bielectronic nature of the first wave &t0.66 V, and taking
83 \é\{ﬁ'ff:ﬁé '-E-)? 'ﬁg‘gm%eﬂgo{g&checfg]‘élrg%%;%?’%%% into account that aliphatic amines are easily oxidized in
(34) Schanze. K. .. MacOueen. B.. Perkins, T. A- Cabana, Cord,  ireversible processes, the oxidation processes observed on

Chem. Re. 1993 122, 63. DEAS-bpy should be localized on the amine units. On the other
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Table 2. Spectroscopic and Photophysical Data

Inorganic Chemistry, Vol. 37, No. 20, 1998065

absorptiof luminescence
208 K 298 K 77K
Amax NM

compd (e, Mtcm™) Amax NM 7, NS [} Amax NM T, US

DEAS-bpy 394 (53 200) 516 <1 0.036 490 0.028
63Z ~2000

BPP 428 (52 500) 557 <1 0.0058 490 <0.001
(BPP-Me)?" 483 (63 500)
[(DEAS-bpy)ReCl} 462 (57 100) 670 140 0.004 665 630
[(bpy)Re(BPP)T 448 sh (55 700) 601 108 0.0019 562 0.023
[(DEAS-bpy)Re(BPP)j 454 (98 100) 675 360
[(DEAS-bpy)Re(BPP-Mef 457 (102 000) 676 355
[(DEAS-bpy)yRe(u-BPP)F* 472 (139 000) 678 385

aData in acetonitrile solution at room temperature and in a 4:1 (v/v) methanol/ethanol rigid matrix at 77 K, unless otherwigeOmbyetthe
lowest energy maximum or shoulder is reportebh C3H-I glass.? € value in ethanol, from ref 38.Data from ref 22; DMF at 298 K and 9:1 (v/v)

DMF/CH,Cl, matrix at 77 K.

hand it is known that the coordinated “bpy” unit is oxidized 6
only at very high potentiallf > 2 V).35:36

Oxidation of the free ligand BPP features a single mono-
electronic process at1.00 V. By comparison, the molecule
(BPP-Me)?" is oxidized at+1.23 V; the shift toward more

DEAS-bpy

(ne))

positive potential with respect to BPP is again consistent with - 05
the different molecular charge. The model [(DEAS-bpy)ReCl]

complex features a wave .69 V22 which is unambiguously

due to oxidation of the DEAS-bpy amines. 00

In the model [(bpy)Re(BPP)j]complex one can observe the
monoelectronic wave due to BPP oxidatieil(00 V) followed
by a wave at about1.8 V that is due to Re(l) oxidation. This T
latter value is close to that observed for Re(l) oxidation in similar 2
complexes like [Re(CQbpy)(Etpy)]" (Etpy = 4-ethylpyridine, <
T
o

6- [(DEAS-bpy)ReCl]

(ne)

E=+172V)¥
Complex [(DEAS-bpy)Re(BPP)] shows three oxidation

processes. The first two are irreversible and are due to DEAS-

bpy amine oxidation (cf. the free ligand DEAS-bpy). The 0

assignment of the third wave is difficult because oxidation [(DEAS-bpy)Re(BPPl)]‘ '

processes of both DEAS-bpy and BPP ligands are possible 104 f\
/ \
i

0.0

around+1.0 V. The behavior of the corresponding methylated
complex, [(DEAS-bpy)Re(BPP-Mé)], appears very similar.

As far as complex [(DEAS-bpyRe(u-BPP)F is concerned,
the same assignments as for [(DEAS-bpy)Re(BPRHN be
done for the first three oxidation processes. Note the increased
number of exchanged electrons in the first wavet-at73 V, / AN
due to the presence of two DEAS-bpy units. The process at 0.0 . et 0.0
+1.80 V is due to Re(l) oxidation (cf. model [(bpy)Re(BPB)] 200 400 600

In summary the introduction of ligands such as DEAS-bpy

and BPP in Re(Frtricarbonyl complexes gives rise to a very Figure 2. Absorption spectrum (solid line) and_ uncorrected lumines-
rich and complicated redox chemistry. As we will see later, cence spectra at room temperature (dashed line) and at 77 K (dotted

. . . . . line) for DEAS-bpy, [(DEAS-bpy)ReCl], and [(DEAS-bpy)Re(BPP)]
this will profoundly influence the photophysical behavior of g, uents are acetonitrile at room temperature and 4:1 viv methanol/
these complexes.

- ) ) ethanol at 77 K for DEAS-bpy and [(DEAS-bpy)Re(BPR)JFor
Photophysical Properties. Table 2 summarizes the absorp-

(n-ey

0.5+

ex10° (M cm™)

A (nm)

[(DEAS-bpy)ReCl], DMF and 9:1 v/v DMF/CLCI, were used at 293
tion and luminescence data obtained for all of the examined and 77 K, respectively.

compounds. Figures 2 and 3 show the absorption and lumi-
nescence spectra of the free ligands DEAS-bpy and BPP, of
the model [(DEAS-bpy)ReCl] and [(bpy)Re(BPPHompounds,

Model [(DEAS-bpy)ReCl] was previously investigatéd It
was found that the absorption band is due to LC transitions of
and of the [(DEAS-bpy)Re(BPP)Jcomplex. the DEAS-bpy ligand. Note the absence of structure both in
Absorption Spectra. The free ligands DEAS-bpy and Bpp  the free ligand DEAS-bpy and in model [(DEAS-bpy)ReCl|
feature a very intense band in the 400 nm region (Figures 2 (Figure 2).

and 3); this band is structured in the case of the BPP ligand. _The model [(bpy)Re(BPP)] contains the BPP but not the
DEAS-bpy ligand. Comparison of the absorption spectra of

[(bpy)Re(BPP)} and BPP (Figure 3) clearly indicates that the
band at about 450 nm of [(bpy)Re(BPP} due to LC transition

of the BPP ligand. Indeed, the structure observed in the
absorption band of the free ligand is partially retained also in
model [(bpy)Re(BPPJ].

(35) Gaudiello, J. G.; Sharp, P. R.; Bard, A.JJ.Am. Chem. S0d.982
104, 6373.

(36) Chlistunoff, J. B.; Bard, A. Jnorg. Chem.1993 32, 3521.

(37) Caspar, J. V.; Meyer, T. J. Phys. Cheml1983 87, 952.

(38) Blanchard-Desce, M.; Arrhenius, T. S.; Lehn, J.Bdll. Soc. Chim.
Fr. 1993 130, 266.
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Model [(bpy)Re(BPP)j features a 77 K emission that can
be assigned to fluorescence emission from the BPP ligand.
Indeed, the band is structured, its position is near the fluores-
cence emission at 77 K of the free BPP ligand (Figure 3 and
Table 2), and the lifetime is in the nanosecond range. Emission
from a CT state involving bpy can be ruled out, as in Re(l)
complexes such states feature unstructured emission bands and
lifetimes in the microsecond rang&?°:33

The three complexes [(DEAS-bpy)Re(BPR)(DEAS-bpy)-
Re(BPP-Mefit, and [(DEAS-bpyj)Re(u-BPP)Pt show a
luminescence emission at 77 K (see Table 2 and Figure 2) which
is almost identical in position and shape, and very similar in
lifetime to that featured by model [(DEAS-bpy)ReCl]. The 77
K emission of these three complexes can thus be assigned to
DEAS-bpy LC phosphorescence. This LC assignment to the
77 K luminescence of all of the DEAS-bpy-containing com-
pounds is further supported by their almost identical emission,
irrespective of the total charge of the species. A similar behavior
is also observed in the absorption spectrum (see above).

Passing to room temperature, both the free ligands DEAS-

Figure 3. Absorption spectrum (solid line, acetonitrile solution, room  phpy and BPP show a luminescence emission, which is red

temperature) and uncorrected luminescence spectra (dashed linegpiftaq with respect to their own fluorescence band at 77 K. As

acetonitrile at room temperature; dotted line, 4:1 v/v methanol/ethanol he ob d lifeti is sh h hi

rigid matrix at 77 K) of BPP and [(bpy)Re(BPP)] t e observe |_et|me_|s shorter than 1 ns, this room t_emperature
luminescence is assigned to a fluorescence emission.

It can be noticed that the three complexes [(DEAS-bpy)Re- N model [(DEAS-bpy)ReCl] the observed luminescence at
(BPP)], [(DEAS-bpy)Re(BPP-Mej]", and [(DEAS-bpyjRe- room temperature was assigned to DEAS-bpy LC emission.
(u-BPP)E*, which contain both the DEAS-bpy and the BPP Note, in particular, the very small red shift of the emission band
ligands, feature very similar absorption (and also luminescence, N Passing from 77 K to room temperature, as typically observed
see below) bands around 450 nm (Table 2; only the absorptionfor LC emitters (Figure 2 and Table 2).
spectrum of [[DEAS-bpy)Re(BPP)]s shown in Figure 2). This Concerning the 293 K emission of model [(bpy)Re(BPP)]
absence of any remarkable effect of the total charge of the (Figure 3), we can note that the lifetime is 108 ns, and the red
complex indicates that these bands are of substantial LC origin. Shift with respect to 77 K emission is larger than in the case of
One may argue that it is the BPP ligand which contributes [((DEAS-bpy)ReCl]. Both of these facts rule out a LC fluores-
pnmar”y to the absorp“on band of the Comp|exesy as the BPP cence from BPP. The lifetime value and the absence of structure
absorption (428 nm) is closer in energy, and features a structureindicate an emission of MLCT origin, which should involve
which appears clearly in the absorption band of the complexes. the BPP unit (the ligand easier to reduce). Further support to
A contribution from the DEAS-bpy ligand is, however, also this assignment comes from the value of the radiative rate
possible, as the absorption band of DEAS-bpy (394 nm) is not constant k = 1.8 x 10* s™*), which can be calculated from
so far in energy. the lifetime and quantum yield data at room temperature.

Luminescence. The free ligand DEAS-bpy displays two None of the complexes [(DEAS—bpy)Re(BPP,)I(PEAS-
emission bands at 77 K (Table 2 and Figure 2). The band at PPY)Re(BPP-Meff", and [(DEAS-bpyjRe;(u-BPP)F" show
490 nm is unstructured and has a lifetime and an energy position€MISSIon at room temperature.
clearly indicative of a fluorescence band. UsingHg as Transient Measurements. Transient absorption measure-
solvent it is possible to evidence the second, structured band inments were performed at room temperature on compounds
the region 606-800 nm. Given the energy position and the [(DEAS-bpy)Re(BPP)], [[DEAS-bpy)Re(BPP-Mej}, and BPP
very long lifetime (millisecond range), this second band is to clarify the nature of the lowest excited state in the nonemitting
assigned to a phosphorescence emission of the free ligand. complexes. . o

The free ligand BPP shows a single, structured emission band In complex [(DEAS-bpy)Re(BPP)] a transient species is
at 77 K in the region 456650 nm (Figure 3 and Table 2). As observed following laser flash excitation in deareated acetonitrile
the lifetime is shorter than 1 ns, this emission can safely be (Figure 4). An absorption band around 520 nm is observed
assigned to a fluorescence. Even usingfi{ as solvent it is due to the new transient species fo.rmed, together with the
not possible to detect any phosphorescence band. This lasbleaching of the ground state absorption around 430 nm. The
finding is consistent with the behavior of the excited states of maximum of the absorption band in [(DEAS-bpy)Re(BPP)]
long linear polyenes, whose triplet state cannot be populatedis at 454 nm; the bleaching maximum is shifted to the blue in
by direct excitatiors® the transient spectrum due to the presence of the 520 nm band.

Passing to the complexes, the model compound [(DEAS-bpy)- The kinetics of the back reaction to the ground state was
ReCl] (containing DEAS-bpy but not BPP) was previously followed both at 510 nm (decay of the transient species) and at
investigated. The emission observed at 77 K (Figure 2 and 430 nm (ground state recovery). Inboth cases 95% of the decay
Table 2) was assigned to DEAS-bpy LC emission on the basis could be fitted as a first-order process, with the same kinetic
of the very long lifetime, and of the similarity with the ~Cconstant within the experimental erroks= 0.23 x 10° s%).
phosphorescence band of the free DEAS-bpy ligind. The remaining 5% of the decay, which is probably due to a
decomposition side reaction, was not further investigated.

The same general behavior was observed also for the complex
[(DEAS-bpy)Re(BPP-Mef". In the transient spectrum (not

(39) Bensasson, R.; Land, E. J.; MaudinasP?Botochem. Photobiol976
23, 189.
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Figure 4. Solid line: transient absorption spectrum at room temperature
in deareated acetonitrile for complex [(DEAS-bpy)Re(BPP)[he
excitation wavelength is 355 nm. The spectrum was acquired with a
delay of 0.1us after the pulse and a width of Qus. Inset: decay of
the transient signal, monitored at 510 nm. Dashed line: transient
absorption spectrum GBPP (see text).
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(CO)s(bpy)CI]. The state CT Re> DEAS-bpy can thus be
estimated aE = 2.02-0.05= 1.97 eV.

On the basis of the electrochemical results one can infer the
presence of a redox-separated state centered on DEAS-bpy,
which can be described as resulting from amine oxidation with
simultaneous reduction of the “bpy” unit of DEAS-bpy. This
state is indicated as{DEAS-bpy )ReCl] and is expected at
an energy of+1.96 eV.

The photophysical behavior of model [(DEAS-bpy)ReCl] is
in agreement with this energy-level diagram. At room tem-
perature (Figure 5) the lowest excited state is that centered on
DEAS-bpy, LC [EDEAS-bpy)ReCl], and LC phosphorescence
is observed. In the close vicinity of this emitting state, two
different excited states (and in particular, the redox-separated
state [(DEAS-bpy )ReCl]) are, however, present. This intro-
duces a thermally accessible deactivation path; as a result the
room temperature lifetime is shorter.

Passing to 77 K the level LCIDEAS-bpy)ReCl] remains
nearly at the same energy, whereas the other two states
[("DEAS-bpy )ReCl] and CT Re~ DEAS-bpy move to higher
energy. Indeed these two latter states feature a charge-transfer

shown) a positive feature is observed at about 530 nm, and thecharacter, so that in rigid media they are trapped in a nonequi-
bleaching of the ground state is observed around 440 nm. Bothlibrium situation, as normally observed in such cases. As the
the recovery of the ground state and the decay of the transientenergy difference between the lowest emitting LEDEAS-
species were exponential with the same kinetic constant within bpy)ReCl] state and both the"DEAS-bpy)ReCl] and CT Re

the experimental errork (= 0.25 x 10° s71),
Absorption of the triplet state of the free ligand BFBRP)

— DEAS-bpy states is increased, while the available thermal
energy is reduced, there is no longer the possibility of deactiva-

was measured populating it by energy transfer using anthraceneion via upper-lying excited states, and the lifetimes becomes

as triplet donor. The spectrum (Figure 4) measured 2fter

very long (630us).

the excitation pulse features a single absorption band at 640 Model [(bpy)Re(BPP)". The energy of the Re> bpy CT
nm. This excludes that the transient spectra observed inlevel can be estimated starting from that known in the analogous

complexes [(DEAS-bpy)Re(BPP)hnd [(DEAS-bpy)Re(BPP-
Me)]?" may be due to a triplet energy transfer to the BPP unit.
For this reason, in the following discussion we may ignore which
is the actual energy position of tiBPP level.

Energy-Level Scheme. For a better understanding of the
photophysical properties of DEAS-bpy- and BPP-containing
complexes, it is useful to outline an energy-level diagram of

complex [Re(COXbpy)(Etpy)I" (E = 2.19 eV)3” The bpy
ligand is reduced 0.14 V more easily in this latter complex (
= —1.18 V) with respect to [(bpy)Re(BPP)] The Re— bpy
CT level in [(bpy)Re(BPP)] is thus expected at 2.33 eV.

The presence of the ligand BPP (both a chromophoric and
an electroactive unit) introduces a number of additional levels.
The LC [(bpy)RelBPP)J" fluorescence level at room temper-

the various states that can be reached after light excitation. Asature can be taken from the 77 K emissi@ 2.32 eV, from
usual, one has to distinguish excited states from redox-separateghe higher energy shoulder), as the energy of LC levels is usually
states; their energy can be estimated by using spectroscopic angemperature independent. The energy of the-RBPP charge-

electrochemical data, respectivéfy. As far as the redox-

transfer level (CT Re~ BPP) can be taken from the observed

separated states are concerned, throughout the discussion themission energy at room temperature (601 nm, th&t is,2.06
work term corrections have been neglected. In similar casesev).

such corrections have been shown to be sfallhe diagrams
obtained are displayed in Figure 5 and are valid at room
temperature. In the following we discuss how the energies of

Then we have the redox-separated states. Reduction of bpy
and oxidation of BPP, [(bpy)Re(BPP)]™, requires 2.32 eV.
An additional level corresponding to BPP reduction and bpy

the various levels are eStImated, and what can be concluded Orbxidation should be very h|gh in energy, as bpy oxidation is no

the basis of the energy-level diagram.
Model [(DEAS-bpy)ReCl]. The energy of the LC triplet

doubt difficult353%this level can safely be ignored.
The photophysical behavior of complex [(bpy)Re(BPRY

state of DEAS-bpy can be taken from the observed emission agreement with such an energy-level diagram. At room

energy (674 nm, corresponding to 1.84 eV). This state is
indicated as LC RDEAS-bpy)ReCl].
A CT state Re— DEAS-bpy should also be present. The

energy of this state can be estimated by taking the energy of

the Re— bpy CT state in the analogous complex [Re(&O)
(bpy)Cl] (E = 2.02 eV and considering the difference in the
potential for bpy reduction in this comple¥{y = —1.32 V)
with respect to DEAS-bpy reduction in [(DEAS-bpy)Re}dy

= —1.27 V). These data show that DEAS-bpy in [(DEAS-
bpy)ReCl] is a slightly better electron acceptor than bpy in [Re-

(40) Jones, W. E., Jr.; Bignozzi, C. A.; Chen, P.; Meyer, Tndrg. Chem.
1993 32, 1167.
(41) Kalyanasundaram, K. Chem. Soc., Faraday Trans1986 82, 2401.

temperature the emission originates unambiguously from a
MLCT state, and the energy-level diagram indicates that the
lowest excited state is the CT Re BPP one. Passing to 77

K, the two CT levels and the redox-separated state [(bpy
Re(BPP)]™ are destabilized (vide supra) and move to higher
energy, leaving the LC [(bpy)REPP)]" state as the lowest
energy one. Fluorescence emission is thus observed from this
latter LC state.

Compounds [(DEAS-bpy)Re(BPP)f, [(DEAS-bpy)Re-
(BPP-Me)PP*, and [(DEAS-bpy)Re(u-BPP)*". In these
complexes the simultaneous presence of DEAS-bpy and BPP,
which are both chromophoric and electroactive units, gives rise
to a very complicated energy-level diagram. Only [(DEAS-
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[(DEAS-bpy)ReCl] [(bpy)Re(BPP)J*+ [(DEAS-bpy)Re(BPP)I*

4 A |

2.5 — 2.5 — 2.5 —

— [(DEAS-bpy)Re(BPP)}

1
E E___ll‘c [(bpy)Re("BPPI” =3 CT Re-DEAS-bpy
(eV) [(bpy)Re(BPPH)}F LC [(DEAS-bpy)Re(IBPP)}*
CT Re—bpy

| CT Re—BPP

—— [(*DEAS-bpy’)Re(BPP)}*
BN CT Re-BPP

CT Re—»>DEAS-
& bpy 20— 20—

2.0
—— —= |(+DEAS-bpy)ReCl]

G [(DEAS-bpy)ReCI] I LC [(BDEAS-bpy)Re(BPP)*

——1 [(*DEAS-bpy)Re(BPP")}*

1.5 — 1.5 — 1.5 =t

Figure 5. Energy-level scheme for selected compounds. For each complex, the spectroscopic states (left column) are indicated separately from the
redox-separated states (right column). Full levels are taken from direct spectroscopic measurements; the outlined ones are estimatesgéndirectly (
text).

bpy)Re(BPP)f will be discussed in detail; the energy-level [(DEAS-bpy)Re(BPP-Mef" and [(DEAS-bpyjRe(u-BPP)E")
scheme of the other two complexes is expected to be verycan be rationalized as follows. All of these DEAS-bpy- and
similar, as their electrochemical and photophysical properties BPP-containing complexes are not emissive at room temperature
are much the same as those of [([DEAS-bpy)Re(BPP)] because of the presence of the redox-separated st&XEAS-

The energy of the MLCT state Re DEAS-bpy (CT Re— bpy)Re(BPP)]™ as the lowest excited state, thus deactivating
DEAS-bpy) can be estimated starting from the already men- the LC [(DEAS-bpy)Re(BPP)] state. The transient observed

tioned Re— bpy CT energy in [Re(CQjbpy)(Etpy)]" (E = for [(DEAS-bpy)Re(BPP)} (and [(DEAS-bpy)Re(BPP-M&))
2.19 eV). In this latter complex bpy is reducedeat= —1.18 in laser flash experiments (see above) is assigned to this species,
V; as DEAS-bpy in [[DEAS-bpy)Re(BPP)Js reduced at-1.33 which then decays, with ~ 0.25 x 10° s1, to the ground
V, the state CT Re~ DEAS-bpy is expected at 2.34 eV. state.
The MLCT level Re— BPP (CT Re— BPP) can be Passing to 77 K, the level {DEAS-bpy)Re(BPP)]* (and

estimated starting from the energy of the analogous state inthe other CT or redox-separated states) moves to higher energy,
model [(bpy)Re(BPP}] (2.06 eV), and considering that the BPP SO that emission is observed from the lowest lying LDEAS-
ligand is 0.07 V harder to reduce in [(DEAS-bpy)Re(BPP)]  bpy)Re(BPP)] state.

with respect to [(bpy)Re(BPP)(Table 1). In this way the level Summary and Conclusions. The new complexes [(DEAS-
CT Re— BPP is expected at 2.13 eV in [(DEAS-bpy)Re- bpy)Re(BPP)}, [[DEAS-bpy)Re(BPP-Mej}, [[DEAS-bpy)yRe-
(BPP)T". (u-BPP)F, and [(bpy)Re(BPP)]have been prepared, and their

The room temperature energy of the LEOEAS-bpy)Re- photophysical properties have been investigated. The simul-
(BPP)J' state due to DEAS-bpy phosphorescence can be takentaneous coordination of the DEAS-bpy and the BPP ligands to
from the 77 K emissionH = 1.83 eV), again considering that & fac-Reé(CO); center forms doneracceptor complexes that
the energy of such a state is essentially temperature independengive rise to a charge-separated state following light excitation.
The other LC state, due to BPP fluorescence, [(DEAS-bpy)- It is worth noting that this charge-separated state is noticeably

Re(BPP)]", can be taken from model [(bpy)Re(BPP)E = long-lived (=4 us) compared to that observed in other denor
2.32 eV). acceptor complexes in homogeneous solutiehi:'>6 The
Then we have a lot of redox-separated states. A first one, slowness of the intramolecular back electron transfer reaction
[(*DEAS-bpy")Re(BPP)T, is analogous to the [DEAS-bpy)- to the ground statg can be justified by considering that its energy
ReCl] state of model [(DEAS-bpy)ReCl]; from the electro- content (1.63 eV in the case of [(DEAS-bpy)Re(BPRHlaces
chemical measurements we get= 1.33+ 0.75= 2.08 eV. itin the so-called “Marcus inverted regiof?*3 Alternatively,

A state due to BPP reduction and DEAS-bpy oxidation, ©N€ can note that the electrochemical properties of the two
[(*DEAS-bpy)Re(BPP)]*, should be present & = 0.88 + subunits DEAS-bpy (on oxidation) and BPP (on reduction) are

0.75= 1.63 eV. The state due to BPP oxidation and DEAS- Perturbed only to a small extent following coordination. This
bpy reduction, [[DEAS-bpy)Re(BPP)]*, is expected aE = means that within the complex the electronic interaction between

1.06+ 1.33= 2.39 eV.
. . . . (42) Marcus, R. AJ. Phys. Chem1989 93, 3078.
Given the energy-level diagram sketched in Figure 5, the (43) Barbara, P. F.; Meyer, T. J.; Ratner, M.JAPhys. Chenil996 100,
photophysical behavior of [(DEAS-bpy)Re(BPP)Jand of 13148.
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*DEAS-bpy and BPPis so weak that charge recombinationis donor and acceptor subunits. Future studies will include

expected to occur very slowly in the nonadiabatic regime. increasing the length of the polyene bridge [from 5 to 15 double
The modular approach advocated here represents a viable an@ionds] and changing the nature of the unsaturated systems. The

highly versatile alternative to the common, and successful, engineering of molecular systems based on polyacetylenic

practice of using other &dtransition metal complexes for  pridges (molecular wire$yis now also currently under active

photoinduced charge-separated states. It also provides newnyestigation.

opportunities for the construction of elaborated molecular
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