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Abstract

In the excited state of the peptide-bridged Ru(II)/Os(II) binuclear complex, [L,Ru(II)-
mbCO-L-Leu-NHbpyOs(II)(bpy),] and [L,Ru(Il)mbCO-L-Pro-NHbpy-Os(II)(bpy),] [L = bpy
(=2,2-bipyridine) or BTFMB (= 4,4'-bis-trifluoromethyl-2,2’-bipyridine), and mb = 4-
methyl-bpy], a nearly complete quenching of Ru'! —r* (Ligand) MLCT emission was ob-
served at room temperature. Lifetime measurements were performed to evaluate the
quenching rate and the mechanism on a quantitative basis. In complexes with L = bpy, the in-
tramolecular energy transfer process had a unitary efficiency. In complexes with L = BTFMB,
the evidence for the occurrence of competitive energy and electron-transfer processes was pro-
vided from the time dependence of the emission spectra. The main pathway for energy-trans-
fer in both systems could be explained by the Forster mechanism. It was suggested that the
direction of MLCT excitation to either bridging or non-bridging bpy-ligand causes the large
difference of dipole—dipole distance. © 2000 Elsevier Science S.A. All rights reserved.

Keywords: Electron transfer quenching; Competitive energy; Peptide bridge

1. Introduction

The excited-state properties of polypyridine complexes of d° transition-metals
such as Ru(II), Os(IT), and Re(I) can be tuned by ligands and solvent environment
[1]. Recently we have synthesized a new class of bipyridine ligands containing a
trifluoromethyl group as a substituent. 4,4-Bistrifluoromethyl-2,2’-bipyridine
(BTFMB) ligand has a lower lying n* level which not only leads to significant
changes in ground- and excited-state redox potentials but also exerts relatively large
effects on absorption and emission spectral properties [2,3].

In this paper we report results showing that competitive energy and electron-
transfer quenching of excited Ru(II) by Os(II) complex occurs intramolecularly in
the peptide-bridged complexes I and II with BTFMB ligand. The kinetic study by
the time-correlated single-photon counting method was performed to evaluate the
quenching rate and the mechanism on the quantitative basis. The results have
indicated that the energy-transfer process can be interpreted in terms of the Forster
mechanism. Complexes I and II with bpy ligand were also studied in which only the
energy-transfer quenching took place. Comparison of the energy-transfer kinetics
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has been made in both systems. The difference of rates can be rationalized by the
dipole—dipole distance. Namely, the direction of metal-to-ligand charge-transfer
(MLCT) excitation to either bridging or non-bridging bpy-ligand causes the large
difference of dipole—dipole distance.

2. Experimental
2.1. Materials

The starting materials, 4,4'-dimethyl-2,2'-bipyridine and 2,2'-bipyridine were pur-
chased from Tokyo Kasei and recrystallized from ethanol. Isobutyl chloroformate
(IBCF), 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC), terz-butoxycar-
bonyl-L-leucine (Boc-Leu-OH), and tert-butoxycarbonyl-L-proline (Boc-Pro-OH)
were purchased from Wako Chemicals.

Ru(bpy),Cl, was prepared as described by Sullivan et al [4]. Os(bpy),Br, was
prepared as described by Buckingham et al. [5]. 4-Methyl-2,2"-bipyridine-4'-car-
baldehyde was prepared as described previously [6]. 4,4-Bis(trifluoromethyl)-2,2'-
bipyridine (BTFMB) and Ru(BTFMB),Cl, were synthesized by the same procedure
as previously reported by us [2].

4-Methyl-2,2'-bipyridine-4'-carboxylic acid was prepared by the oxidation of the
corresponding aldehyde (1.8 g, 9.1 mmol) with Ag,O (2.3 g, 9.9 mmol) in water (10
ml) with 10% NaOH (5 ml) at room temperature [7] (1.5 g, 77.1%), mp 280°C:
'H-NMR (DMSO-d¢) 6 =2.44 (s, 3H), 7.30 (m, 1H), 7.85 (dd, 1H), 8.30 (s, 1H),
8.60 (d, 1H), 8.85 (m, 2H); Anal. Calc. for C,,H,,N,0,: C, 67.28; H, 4.71; N, 13.08.
Found: C, 67.79; H, 4.67; N, 13.22.

4-Amino-2,2'-bipyridine (4-NH,-bpy) was prepared by the reduction of 4-nitro-
2,2"-bipyridine 1-oxide [8] with sodium borohydride in the presence of 10% palla-
dium-carbon in methanol at room temperature [9].

2.2. 4-(Boc-Leu-NH)-bpy

To a solution of Boc-Leu-OH (675 mg, 2.92 mmol) in dry THF (10 ml) was added
triethylamine (293 mg, 2.92 mmol) at room temperature. Then IBCF (396 mg, 2.9
mmol) was added at — 15°C. After 15 min, a solution of 4-NH,-bpy (500 mg, 2.92
mmol) in THF (10 ml) was added dropwise at — 15°C. The flask was fitted with an
anhydrous CaCl, drying tube, and the reaction mixture was stirred overnight at
room temperature. After rotary evaporation of THF, the residue was dissolved in
ethyl acetate. The solution was washed with aqueous solutions of 10% citric acid and
5% NaHCO;, and water. Solvent was removed by rotary evaporation and the
residue was chromatographed on silica gel with ethyl acetate eluent. The product
was obtained as a colorless viscous oil; 230 mg (20.5% yield). 'H-NMR (CDCl,)
0=0.9 (m, 6H), 1.5 (s, 9H), 1.5-1.9 (m, 3H), 4.3 (b-s, 1H), 5.1 (b-s, 1H), 7.3 (m,
1H), 7.8 (m, 2H), 8.3 (m, 2H), 8.5 (d, 1H), 8.6 (m, 1H), 8.9 (b—s, 1H). Found:
C,65.60; H, 7.34; N, 14.57%. Calcd for C,;H,3sN,O5: C, 65.07; H, 7.42; N, 13.86%.



106 M. Furue et al. / Coordination Chemistry Reviews 208 (2000) 103113
2.3. 4-(Boc-Pro-NH)-bpy

4-(Boc-Pro-NH)-bpy was prepared by the same method for 4-(Boc-Leu-NH)-bpy.
'H-NMR (CDCl;) 6 = 1.51, 1.60 (ss, 9H), 1.98-2.51 (m, 4H), 3.48 (m, 2H), 4.48
(m, 1H), 7.30 (m, 1H), 7.79 (m, 4H), 8.38 (m, 2H), 8.58 (d, 2H), 8.69 (m, 1H).
Found: C,65.14; H, 6.49; N, 15.12%. Calcd for C,,H,,N,O5: C, 65.20; H, 6.57; N,
15.21%.

2.4. 4"-{N-[bis(4,4'-bis-trifluoromethyl-2,2"-bipyridine )(4'-methyl-
2,2"-bipyridine-4-carbonyl)ruthenium(Il)-Leu-NH }-bpy dichloride

A suspension of 4-(HCI-Leu-NH)-bpy (75 mg, 0.23 mmol) and N-methylmorpho-
line (0.026 ml, 0.23 mmol) in dry DMF (2 ml), a solution of 1-hydroxybenzotriazole
(31 mg, 0.23 mmol) in DMF (1 ml), and EDC (0.050 ml, 0.27 mmol) were added
successively to a stirred solution of (BTFMB),Ru(I1)[4-Me-bpy(4-COOH)]CIl, (168
mg, 0.23 mmol) in DMF (2.0 ml) at —20°C. The reaction mixture was stirred
overnight at room temperature. After DMF was removed by rotary evaporation
with a vacuum pump, the residue was chromatographed on a column of Sephadex
LH-20 eluted with methanol to afford 4”-[(Ru(Il)(BTFMB),mb-4-CO)-Leu]-NH-
bpy. Treatment with aqueous ammonium hexafluorophospate afforded PF salt as
a precipitate (IIT). 'H-NMR (CD,0D) § = 0.9-1.1 (m, 6H), 1.7-2.0 (m, 3H), 2.6 (s,
3H), 1.98-2.51 (m, 4H), 7.4-9.4 (m, 25H), Found: C,41.19; H, 2.87; N, 9.00%.
Caled for Cs,H,F,4N,(O,P,Ru-3.3H,0: C, 41.22; H, 3.10; N, 9.24%.

2.5. 4"-[(Ru(Il)(BTFMB),mb-4-CO)-Leu-NH]-bpy Os(IDb,(PFy),, I(L = BTFMB)
and other binuclear systems I(L =b), II(L =b and BTFMB)

A mixture of 4”-[(Ru(Il)(BTFMB),mb-4-CO)-Leu]-NH-bpy (50.1 mg, 0.040
mmol) and Os(bpy),Br, ( = Osb,Br,) (36.9 mg, 0.052 mmol) was refluxed in ethanol
(40 ml) for 72 h under argon. The solid remaining after rotary evaporation was
dissolved in methanol and chromatographed on a column of Sephadex LH-20
eluted with methanol to afford 4"-[(Ru(Il)b,mb-4-CO)-Leu-NH]-bpyOs(I1)b,)-
(CL,Br,) (52.3 mg, 65% yield). Treatment of the halide with ammonium hex-
afluorophosphate in water gave a PF, salt as a precipitate. 'H-NMR (D,O)
0=0.9-1.0 (m, 6H), 1.6-2.0 (m, 3H), 2.6 (s, 3H), 7.2-8.8 (m, 41H). Boc-Leu-
Os(I)b,(PF¢), (IV) was prepared from 4-(Boc-Pro-NH)-bpy and Osb,Br, by the
same procedure with I(L = BTFMB).

4”-[(Ru(Il)b,mb-4-CO)-Leu-NH]-bpyOs(I)b,(PF,), I(L =b), 4”-[(Ru(Il)b,mb-4-
CO)-Pro-NH]-bpyOs(I1)b,(PFy), II(L =b), and 4"-[(Ru(I)}(BTFMB),mb-4-CO)-
Pro-NH]-bpyOs(II)b,(PF,), II(L = BTFMB) were prepared by the same procedure
with I(L = BTFMB). The purification was carried out by the chromatography on a
column of Sephadex LH-20. The purity was evaluated by the NMR and lumines-
cence measurements.



M. Furue et al. / Coordination Chemistry Reviews 208 (2000) 103113 107
2.6. Physical measurements

Solvents for spectroscopic measurements were purchased from Nakarai Chemi-
cals as in spectrograde. Static absorption and luminescence measurements were
performed using a Shimadzu UV-2100 spectrometer and an RF-502A spec-
trofluorimeter, respectively. Room-temperature luminescence quantum yields, ¢,
were measured with Ru(bpy)3 ™ in dearated water as a reference [10]. Samples for
luminescence measurements were deoxygenated by purging with argon gas. The
luminescence lifetime was measured by the time-correlated single photon counting
method, as described elsewhere [11]. Electrochemical measurements were performed
as described elsewhere [6].

3. Results and discussion

In Fig. 1 absorption spectra are presented for (BTFMB),Ru(Il)mbCO-Leu-
NHbpy-Os(1)b,(PF¢), [I(L = BTFMB)] and its component complexes, (BTFMB),-
Ru(II)mb-CO-Leu-NHbpy(PF,), (III) and Boc-Leu-NHbpy-Os(I1)b,(PF¢), (IV) at
the same substrate concentration. The spectrum of I(L = BTFMB) was identical
with the superimposed spectrum of equimolar concentration of its component
complexes, III and IV. For the bichromophoric system I and II, the electronic
absorption spectrum can be described by a simple superposition of the absorption
spectra of the two chromophores. The peptide-bridge serves as a molecular spacing
unit which does not influence the basic electronic structure of the two chro-
mophores while preventing intrachromophore interactions in the ground state.
Compared with Ru(bpy)?*, lower energy-shift from 450 to 470 nm of metal-to-lig-
and charge-transfer (MLCT) band was observed for I and II (L = BTFMB) systems
and III, showing that BTFMB ligand has a lower lying n* level. The lower energy
shift of MLCT band was also observed for I and II (L =bpy) systems which
contained the bpy-peptide ligand [bpy-CO-(Leu or Pro)].

I(L = BTFMB) shows two oxidation waves at ~ 1.5 and 0.74 V versus SCE for
the Ru(IIT)/Ru(Il) and Os(II1)/Os(II) couples, and four reversible waves at — 0.94,
—1.14, —1.36, and — 1.51 V versus SCE for the ligand-based reduction for Ru
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Fig. 1. Absorption spectra of I(L = BTFMB), III and IV in MeOH. [Substrate] = 2.2 x 10> M.
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Table 1
Redox potentials for I(L = BTFMB and b), IIT and IV*®

Complex E,;»/V vs. SCE

Ru(III/II) Os(I1/II) LY~ @Y7, (bpy”™ N (bpy” '),
I(L =BTFMB) ~+1.5 +0.74 —0.94 —1.14 —1.36 —1.51
I(L=b) +1.28 +0.79 ~—13
I +1.46 —0.94 —1.14 —1.87
v +0.79 —1.36

* Redox potentials [V vs. SCE, E;, = (E,, + E,,.)/2] were estimated from CV. Solvent, MeCN. Sweep
rate, 100 mV/s— .
® All complexes are PF salts.

and Os components. These values correspond to those of III and IV, respectively.
(Table 1). The sequence of reduction steps best interpreted as the stepwise reduction
of each ligand 7* system. The strong c-attracting CF; substituent is responsible for
the shift of 0.4 V in first reduction of I(L = BTFMB) and IIL

Room-temperature luminescence spectrum of I(L = BTFMB) (excitation wave-
length: 455 nm) was recorded in argon-gas bubbled solutions and compared with
those of IV and b,Ru(Il)mb-CO-Leu-NHbpyOs(I1)b,(PF,), I(L = bpy) at the same
substrate concentration. As an illustration, the luminescence spectra of I(L =
BTFMB), IV, and I(L =bpy) in MeOH are shown in Fig. 2. The efficient
quenching of emission at 650 and 630 nm from the ruthenium complex was
observed in I(L = BTFMB) and I(L = bpy), respectively. More than 98% of the
potential luminescence of their ruthenium component (as measured for III) was

1.0

bt
n
1

Relative Intensity

550 600 650 700 750 800
Wavelength / nm

Fig. 2. Emission spectra (corrected) of I(L = b), I(L = BTFMB), and IV in MeOH. [Substrate] = 1.5 x
10 —° M. Excitation at 455 nm.
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quenched in I(L = bpy and BTFMB). In the case of I(L = BTFMB), the enhance-
ment of emission intensity of the osmium component at 750 nm was small in
comparison with that of I(L =bpy). Lifetime measurements indicates that the
intramolecular energy-transfer process in I(L = BTFMB) possessed a unitary effi-
ciency. On the other hand, the sensitization of the osmium component was in about
50% efficiency (vide infra).

As for the quenching mechanism, energy transfer from *Ru(Il) to Os(II) and
reductive electron transfer from Os(II) to *Ru(Il) are conceivable in the excited
state of (L = BTFMB). In acetonitrile, the first ligand-based reduction potential of
BTFMBY ~ couple and the first oxidation potential of the Os**/2* couple of
I(L = BTFMB) are —0.94 and 0.74 V versus SCE, respectively. The values of the
excited-state energy (E,) for IIl and IV based on the spectral fitting-method [12]
were 1.94 and 1.69 eV, respectively. The photophysical behavior can be described in
terms of an energy level diagram that is simply made by superimposing the
low-lying excited states of the ruthenium and osmium units on the redox potentials
in the ground state. Energy-transfer is also favorable by 0.25 eV in I(L = BTFMB)
as well as I(L =bpy) (AG= —0.27 ¢V). The reductive quenching of the excited
Ru-complex is exergonic (AG = —0.20 V) based on a reduction potential (0.94 V)
for the Ru?**/* couple with the oxidation potential (0.74 V) for the Os**+/2+
couple. This is a remarkable feature of I(L = BTFMB), while the electron-transfer
quenching process is endergonic in I(L = bpy). The thermodynamical aspect allows
us to conclude that both energy transfer and electron transfer constitute the
quenching mechanism in the excited state of I(L = BTFMB).

The measurement of luminescence lifetime was performed to evaluate the
quenching on a quantitative basis by a time-correlated single-photon counting
method. The decay of Ru™ — n*(BTFMB) MLCT emission at 630 nm and rise and
decay of Os™— rn*(bpy) MLCT emission at 800 nm were measured in various
solvents (excitation wavelength at 457.9 nm and instrumental width of 300 ps). Fig.
3 shows luminescence profiles of I(L. = BTFMB) in MeOH at 293 K, with which a
computer-calculated fit is superimposed. The luminescence profile can be fitted well
by a convolution of a biexponential model I,(¢) = A, exp( — t/7;) + A, exp( — t/7,)
and the experimental instrument response function. Typical sets of parameter with
amplitudes represented as percentages are presented in figures. At 630 nm the best
fit was obtained with 7, = 6.5 ns (98.4%) and 7, = 400 ns (1.6%) (Fig. 3A). A minor,
long-lived component can be attributed to a mononuclear ruthenium complex. The
fast exponential decay (6.5 ns) is attributed to the deactivation of the ruthenium-ex-
cited state by the intramolecular quenching process. In Fig. 3B, the double
exponential analysis for the rise and decay of the excited osmium complex at 800
nm gave 7, = 6.5 ns and 7, = 36.5 ns. The ratio of the preexponential factor of the
double exponential function, namely A4,/4, was —2.4. If the energy-transfer
process has a unitary efficiency in this system, 4,/4; should be close to — 1.9. The
deviation of A,/A4, from — 1.9 indicates the existence of additional intramolecular
quenching-process besides the energy-transfer process.

Kinetics of intramolecular processes in I(L = BTFMB) was evaluated by the
following scheme. The excitation at 457.9 nm of I(L =BTFMB), denoted by
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Fig. 3. Emission decay for I(L = BTFMB) in MeOH at 293 K. Monitored at 630 (A) and 800 (B) nm.
Excitation at 457.9 nm. A computer calculated fit is superimposed.

Ru-Os, affords two excited states, namely *Ru-Os and Ru-Os* (Eq. (1a) and b). In
addition to the normal deactivation process (Eq. (lc) and f), the additional
quenching of *Ru-Os by an intramolecular electron-transfer process (Eq. (1d)) and
the buildup of Ru-Os* by the intramolecular energy-transfer process (Eq. (le)) are
taken into account:

Ru-Os - *Ru-Os (la)

Ru-Os — Ru-Os* (1b)

*Ru-Os 2 Ru-Os + (hv + A) (1¢)

*Ru-Os 3 Ru-Os (1d)

*Ru-Os 3 Ru-Os* (le)

and

Ru-Os* 5 Ru-Os + (v + A) (19
The relevant rate equations are

d[*Ru-Os]/dt = — (k| + k¢ + ke,)[*Ru-Os] (2a)
and

d[Ru-Os*]/dt = k_,[*Ru-Os] — k,[Ru-Os*] (2b)

Eq. (2b) yields
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[Ru-Os*] = 4, exp[ — (1/7)1] + 4, exp[ — (1/72)1], (€)

where A, = k., [*Ru-Os],/(1/7, — 1/7y), A, =[Ru-0Os*],_A4,, 1/t =k, +kg+ken, 1/
7, = k,, and [*Ru-Os], and [Ru-Os*], denote the initial concentration of *Ru-Os
and Ru-Os*, respectively. 7; can be obtained from the decay time at 630 nm and the
rise time at 800 nm. 7, can be also obtained from the decay time at 800 nm. The
values of k, calculated from 7, are in the range of (2-5) x 10”7 s —'. The value of k,
{(3—4) x 10° s~ '} is based on the lifetime of its component complex III at room
temperature. The ratio of molar absorption coefficients of its component complexes
IV to I at 457.9 nm in MeOH was 0.9. The value of [Ru-Os*],/[*Ru-Os*],( =0.9)
was used for all solvents in this paper. The ratio of the preexponential factors of
Eq. (3) is given by

AsJA, = 0.9 x (ky— ky _k)/key — 1.9. (4)

The rate constants k., and k., can be calculated from the observed set of values
of A,/A,, t,, and 7,. The values of k., and k., in various solvents at room
temperature are shown in Table 2. Both values are very close. As noted in the
emission spectrum, the sensitization of the osimium component by the excited
ruthenium component is in about 50% efficiency.

The mechanisms available for the transfer of electronic energy are based on
remote dipole—dipole or dipole—multipole electronic interactions (the Forster
mechanism) [13] and on a collisional mechanism that involves electronic exchange
(the Dexter mechanism) [14,15]. A quantitative treatment of the Forster mechanism
leads to the following expression for k,: [13]

~ 9000 In 101>y,

0 dv
en — 12877551’14NTDR6 L ¢D(n)8A(V)F (5)

Here, v is the wave number, ¢(v) is the spectral distribution of the donor
emission in quanta normalized to unity, ¢,(v) is the molar extinction coefficient for
the acceptor absorption, n is the refractive index of the solvent, x is an orientation
factor which equals (2/3)"? for a random distribution of donor and acceptor
molecules, ¢ is the quantum yield of donor emission, 7, is the actual donor

Table 2
Rate constants of intramolecular energy and electron-transfer for I(L = BTFMB) and II(L = BTFMB)

Solvent I(L = BTFMB)F,Ru-Leu-Os II(L = BTFMB)F,Ru-Pro-Os
Ken(s™ ) ke(s™) Ken(s™ ) ke(s™)
MeOH 8.6% 107 6.5% 107 7.7% 107 4.6 x 107
EtOH 8.3%107 9.7x107 6.4%107 6.7x 107
H,0 1.4x 108 8.4x 107 1.2x10¢ 4.0 x 107
CH,CN 1.3x 10° 1.5x 10 5.9%107 1.1x 10
n-PrOH 9.3%107 8.7x 107 6.6 % 107 7.5%107

n-BuOH 1.3x10% 5.7x 107 7.1x107 6.4x 107
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Table 3
Dipole-dipole distance R (nm) calculated from the Forster equation

Solvent ToMs  Pp Overlap Int I(L = BTFMB) II(L = BTFMB)
ken(0bs) R(calc) ken(0bS) R(calc)
MeOH 460  0.031 3.5x 1014 8.6x107 s=!  1.31 7.7x107 s=!  1.33
EtOH 420 0.048 33x10° 8.3x 107 1.41 6.4x 107 1.47
H,0 430  0.021 33x10- 14 1.4 x 108 1.13 1.2x10% 1.16
CH,;CN 750  0.047  35x10~'4 1.3x 108 1.21 5.9%107 1.30

emission lifetime, N is Avogadro’s number, and R is the distance between the donor
and acceptor molecules. The overlap integral was calculated from numerical
integration over the emission of III and the absorption of IV in various solvents.
The values are in the range of (3.3-3.5) x 10~ '* mol~! cm®. From Eq. (5), R
values for I and II (L = BTFMB) were calculated and listed in Table 3. In Table 4,
the distance of dipole—dipole for I and II (L = bpy), namely R was estimated with
the observed rate constant and values of the corresponding model complexes.

It is known that the excited electron in MLCT excited state of Ru(bpy)3* is fully
localized on one of three equivalent ligands, at least for a time long enough for this
ligand and its neighboring solvent to adjust to the geometry of fully charged bpy .
Picosecond transient Raman studies on mixed-ligand derivatives of Ru(II) com-
plexes have also shown that the optical electron is localized on the most easily
reduced ligand [16]. In I and I (L =BTFMB), MLCT excitation takes place
exclusively from ruthenium to bis(trifluoromethyl)bpy ligand (BTFMB). On the
other hand, the lower lying 7* level is mb-CO bridging ligand in I and II (L = bpy).

Comparison of the dipole—dipole distances has been made in both systems with
L = BTFMB and L = bpy in Tables 3 and 4. The intraligand distance in Ru(bpy)3*
is estimated to be about 0.5 nm from the molecular structure [17]. We assumed that
the difference between the dipole—dipole distance is about 0.5 nm. From Table 3
and 4, the differences of R values in EtOH, H,O, and CH;CN are 0.48, 0.30, and
0.40 nm in I and 0.51, 0.31, and 0.47 nm in II, respectively. On average, these
values are close to 0.5 nm. Therefore it is reasonable to conclude that the
dipole—dipole interaction, namely the Forster mechanism, is the main pathway for
intramolecular energy transfer in the excited I and II (L = BTFMB and bpy).

Table 4
Dipole-dipole distance R (nm) calculated from the Forster equation

Solvent ToMs  ép Overlap Int I(L = bpy) II(L = bpy)

ken(0bS) R(calc) ken(ObS) R(calc)
EtOH 1120  0.034 5110714 6.7x10%s~!' 093 55x108 s~ 0.96
H,O 425 0.012 3.8x10714 6.2x108 0.83 5.5x108 0.85

CH;CN 1075 0.024  3.5x10~ ' 7.4 %108 0.81 6.2x 108 0.83
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The polypyridine Ru(II)/Os(II) binuclear system can be useful for the test of the
mediation of peptide linkage in energy- and electron-transfer pocesses and espe-
cially useful as the probe for the determination of distance between two complexes
in the polypeptide system.
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