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Abstract: Various unsymmetrical bimetallic complexes of ruthenium and rhenium with the ligand, 1,4-bis(4'-
methyl-2,2'-bipyrid-4-yl)benzene(bphb), incorporatingCH;CN, pyridine (py),bipyridine (bpy), N-methyl-
imidazole (NMI), terpyridine (terpy) and 4,4’-diethyl-carboxy-2,2 -bipyridine (decb) were synthesised and
characterised by fast atomic bombardment mass spectroscopy. Electrochemical studies reveal two oxidative
peaks equivalent to two metal centres. Although the reductive electrochemistry consisted of several overlapping
peaks, some of the peak potentials were discerned. In most cases, the complexes showed absorption peaks at
460 (+/-10) nm with a shoulder at 350nm for Re(I) containing complexes, and additional peaks at 480nm for tpy
and CN complexes. Emission from the acceptor moieties were identified at room temperature and at 77K.
Electron transfer is endergonic (4G>0) in the complexes, and the calculated energy transfer rate constants are
much smaller than the experimental values. Energy transfer was observed to be dominated by Dexter
(exchange) mechanism, with little Forster mechanism contribution.
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I. Introduction

Intramolecular energy and electron transfer are very important in natural processes such as
photosynthesis and respiration.™® Synthesis of artificial photosystems akin to natural systems, with potential
utility as photochemical devices is based on the design strategy of both donor and acceptor centres linked via
molecular bridge(s).® Investigation of such systems provide information about the mechanism of transfer
between the donor and acceptor ends®, the effect of nature of the bridging ligand and their relations to
fundamental electron and/or energy transfer theories,>® and their potential application as molecular devices.”®

Over the years, several investigators have studied photoinduced electron and/or energy transfer
reactions in donor and acceptor systems,®'%'*213 most of which involved long synthetic schemes, low
photochemical yields and/or photochemical processes that are complicated by conformational changes.

In this report, we describe an investigation of photoinduced electron and/or energy transfer in donor-
acceptor systems that are bridged by ligands with defined geometry and that also provide good electronic

communication between both centres.
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The ligand, bphb(1,4-bis(4'-methyl-2,2'-bipyrid-4-yl)benzene), has a well-defined geometry and the
symmetric bimetallic complex, [(dmb),Ru(bphb)Ru(dmb),](PF¢)., where dmb is 4,4'-dimethyl-2,2'-bipyridine,
has a very long room temperature lifetime and high quantum yield. Based on these properties which are
desirable in the design of artificial photosystems, the bphb ligand was used to prepare unsymmetrical donor-
acceptor complexes. The donor and acceptor moieties were selected with the intention of varying the energy gap
in the resulting complexes. The spectroscopic properties of these complexes were investigated, along with the
transfer mechanism in effect, in addition to the correlation between the transfer rates and the energy gaps. These
transfer rates were compared with theoretical values and related to results from previous studies.**
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Il. Materials and Methods
Materials
The solvents for synthesis were used as received without additional purification. All solvents used for
spectrophotometric measurements were of spectral quality. [(bpy),RuCl,]2H,0 and [(tpy)RuCls] were prepared
using literature methods.™

Measurements

Values of redox potential were obtained by cyclic voltammetry on EG and G Princeton Applied
Research (PAR) model 173 Potentiostat, and differential pulse polarography, FAB-Mass spectrometry were
acquired on Kratos Analytical (Manchester England) Concept 1-H mass spectrometer, while luminescence and
luminescence lifetime measurements were recorded using a SpexFluorolog equipped with a 450 W Xenon arc
lamp and a cooled photomultiplier tube.

Synthesis of Complexes

The ligand,bphb was synthesized using previous published methods. All reactions were done under
nitrogen blanket and all metal complexes prepared were finally dissolved in a small volume of acetone or
acetone reprecipitated from diethyl ether.

[(bpy),Ru(bphb)](PFg),]Jwas prepared from [(bpy),RuCl,]2H,0 (220 mg, 0.423 mmoles) and bphb
ligand ( 1.3 g, 3.38 mmoles). The bphb ligand was refluxed for 1 hr in a mixture of 80 ml CHCI; and 100 ml
EtOH, after which the (bpy),RuCl,.2H,0 which was dissolved in 20 ml of EtOH was added dropwise from a
dropping funnel. The mixture was refluxed for additional 2 hrs and then rotary evaporated to dryness, dissolved
in H,O and filtered. The residue was washed thoroughly with more H,O and the product precipitated from the
filtrate by dropwise addition of saturated solution of NH,PFs. The precipitate was collected and dried. The
presence of one single product was confirmed by a single spot on a neutral alumina TLC plate using
toluene:acetonitrile (2:1) as eluent. Yield: 430 mg (90%), FAB-MS: 1099.07 (M); 945.1 (M-PFg); 809 (M-
2PFs).

{[(bpy),Rul,bphb](PF¢)s was prepared by refluxing [(bpy),RuCl,]2H,0 (232 mg, 0.447 mmoles) and
bphb (69mg, 0.179 mmoles) in 50 ml EtOH for 3 hrs. The mixture was rotary evaporated to dryness and the
residue dissolved in water. After filtration, the product was precipitated from the filtrate by dropwise addition of
a saturated solution of NH4PFs and the product collected and dried. The product was purified by
chromatography on acidic alumina column using toluene:acetronitrile (1:1) as eluent. Yield: 250 mg (78%)
FAB-MS: 1794.01(M); 1648.6 (M-PFs); 1504.6 (M-2PF).

[(bpy),Ru(bphb)Re(CO);(CI)](PFs),. This compound was prepared using modification to an earlier
published method.'*Re(CO)sCl (117 mg, 0.322 mmoles) was sonicated to dissolve in 40 ml of methanol and was
added to 80 ml solution of [(bpy).Ru(bphb)](PF¢), (300 mg, 0.275 mmoles). The mixture was refluxed for 9 hrs,
cooled and rotary evaporated to 40 ml before saturated solution of NH,4PFg in methanol was added dropwise to
precipitate the product. The product was collected by suction filtration, washed with diethyl ether and air dried.
Yield; 280 mg (70%).

[(bpy).Ru(bphb)Re(CO);(CH;CN)](PFe)s:  [(bpy).Ru(bphb)Re(CO)3(CN](PFe),. (240 mg, 0.172
mmoles) was refluxed for 7 hrs with AgPFs (217 mg, 0.86 mmoles) in 40 ml CH;CN. The solution was cooled,
rotary evaporated to 5 ml and chromatographed on acidic alumina using CHsCN as eluent, to remove any
[(bpy),Ru(bphb](PFg), impurity and AgCl. Yield: 200 mg (75%). IR (c=o stretch) = 2038, 2021, 1921. FAB-
MS: 1547.05 (M); 1402.2 (M-PFg); 1256.3 (M-2PFg);

[(bpy).Ru(bphb)Re(CO)s(NM1)](PFq)s: [(bpy).Ru(bphb)Re(CO)3(CH;CN)](PFe); (80 mg, 0.0573
mmoles) was refluxed for 2 hrs in 20 ml THF along with N-methyl imidazole (1.5 ml, 0.019 mmoles). The
mixture was rotary evaporated to dryness and purified on glass beads using CH3;CN as eluent and again rotary
evaporated to dryness. Yield: 50 mg (55%). IR (c=O stretch) = 2029, 1925, 1913. FAB-MS: 1588.08 (M);
1444.3 (M-PFg); 1298.4 (M-2PFy).

[(bpy).Ru(bphb)Re(CO)s(Py)I(PFe); was prepared from [(bpy).Ru(bphb)Re(CO)3(CH;CN)](PFe)s
(80 mg, 0.0573 mmoles) and pyridine (1 ml) wusing the same procedure as for
[(bpy)2Ru(bphb)Re(CO)s(NMI](PFe)s. Yield: 55 mg (60%). FAB-MS: 1585.07 (M); 11235.5 (M-PFg); 1090.5
(M-2PFs); 945.5 (M-3PFy).

[(bpy),Ru(bphb)Ru(tpy)(CN)](PFe)s [(bpy).RuCl,]2H,O ( 50mg, 0.046mmoles) and [(tpy)RuCls]
(30.36 mg, 0.046 mmoles) were refluxed in 25 ml ethanol/water (3:1, v/v) for 4 hr under an argon blanket. 0.5 g
of KCN which was dissolved in 5 ml H,O was added and the solution refluxed for additional 2 hr. The solution
was cooled and rotary evaporated to half the original volume. The crude product formed was precipitated by
addition of a saturated solution of NH4PFs. The precipitate was filtered, rinsed with 5 ml H,O and was air dried
before being chromatographed on a glass bead column using CH;CN/toluene (1:1) as eluent. The first red band
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was collected and rotary evaporated to dryness. Yield: 46 mg (68.9%). FAB-MS: M-PFs=1451.1 (1450.1), M-
2PFs=1306.1 (1305.22).

[(decb),Ru(bphb)Re(CO)3(CH;CN)](PFg); (decb),RuCl, (157 mg, 0.20 mmoles) and AgNO; (169
mg, 0.94 mmoles) were refluxed in 40 ml MeOH for 8 hrs. This mixture was transferred via cannula to a
refluxing solution of [Re(CO)s(bphb)CI] (280 mg, 0.405 mmoles) and tetraethyl ammonium chloride (70 mg,
4.22 mmoles) in 80 ml MeOH. The combined mixture was refluxed for additional 15 hrs, cooled, filtered and
rotary evaporated to near dryness. The residue was dissolved in water and filtered again before a saturated
solution of NH4PF¢ was added dropwise. The product, [(decb),Ru(bphb)Re(CO);(CI)](PFg), was collected and
dried. Yield: 210 mg. The [(dech),Ru(bphb)Re(CO)3(CI](PFs), was refluxed with AgPFs (180 mg, 7.12
mmoles) in 40 ml CH3;CN for 7 hrs, cooled and rotary evaporated to dryness. The residue was purified by
chromatography on neutral alumina column using toluene:acetonitrile (2:1) as eluent. The first fraction
consisted of a mixture of unreacted rhenium monomer and (dech),RuCl, while the later fraction consisted of the
product. Yield: 90 mg. FAB-MS were very weak.

[(tpy(CN)Ru(bphb)Re(CO)3(CH;CN)](PF¢)s [Ru(tpy)(CN)(bphb)](PFs) (80 mg, 0.0898 mmoles) in
35 ml MeOH and [Re(CO)sCl (38 mg, 0.105 mmoles) in 20 ml MeOH were reacted as described for
[(bpy),Ru(bphb)Re(CO3)CIJ(PFg), to yield 100 mg (83%) of [(tpy(CN)Ru(bphb)Re(CO)3(CI)](PFg). The
[(tpy(CN)Ru(bphb)Re(CO)3(CI)](PF¢) was refluxed with 100 mg (3.95 mmoles) AgPFg in 40 ml CH3;CN for 4
hrs, cooled and rotary evaporated to dryness. The residue was purified first by chromatography on acidic
alumina column using CH3;CN as eluent, to remove unreacted [Ru(tpy)(CN)(bphb)](PFg), and later on glass
beads using CH3CN to remove decomposed product. After rotary evaporation, 50 mg of pure product was
obtained. FAB-MS peaks were very weak.

[(tpy(CN)Ru(bphb)Ru(tpy)(CN)](PFe). [(tpy)RuCls (186 mg, 0.423 mmoles) was refluxed in 20 ml
of ethanol/water (50:50, v/v) for 30 mins under an argon blanket until it dissolved, then 90 mg (0.23 mmoles) of
bphb was added. The solution was refluxed for 4 hrs and 0.5 g of KCN which was dissolved in 5 ml H,O was
added. The solution was refluxed for another 1 hr before half of the solution was rotary evaporated. The crude
product was precipitated by addition of saturated solution of NH,PFg and later air dried. The collected product
was washed with diethyl ether to remove unreacted bphb ligand, followed by washing with water. The solid
was chromatographed on acidic alumina first using CH3;CN eluent. Second purification involved the use of
CH;CN/ethanol (50:50, v/v as eluent. The deep red band with maximum absorbance at 496 nm was collected
and rotary evaporated to dryness. Yield: 167 mg, 28.3%. FAB-MS: M-PFs= 1253.3 (1252.1), M-2PFg = 1107.2
(1107.12).

I11. Results And Discussion

Syntheses

The [(bpy),Ru(bphb)](PFs), based unsymmetrical bimetallic complexes were synthesized via the
monomers to prevent contamination from free non-linked donor impurities. For example, the synthesis of
[(bpy),Ru(bphb)Re(CO)3(L)](PFs)s began with the complexation of [(bpy),Ru(bphb)](PFs), with [Re(CO)sClI]
to form [(bpy),Ru(bphb)Re(CO)3(CI)](PF¢)s. The chloride ligand was then substituted with CH3;CN, from which
the N-methyl-imidazole and pyridine derivatives were made. An exception to this synthetic approach was
[(decb),Ru(bphb)Re(CO)3(CH3CN)](PFs)s which was prepared differently because of the ease of hydrolysis of
the decb ligand. This series of complexes were all bridged by the bphb ligand.

Electrochemistry

The redox properties of the complexes are given in Table 1. The unsymmetrical bimetallic complexes
all have two oxidative peaks corresponding to the two metal centres. For most of the complexes, especially the
Ru-Re systems, the second oxidative peak is usually lower in peak height and area, and it is assigned to the
acceptor. For instance, the oxidation sequence of [(bpy),Ru(bphb)Re(CO)3(CH3;CN)]s. is given in eq. 1 and 2.

Table 1: Redox Potentials of Donor-Acceptor Complexes examined in CH;CN
OxidationReduction

Compound Ei, VE,, V -E3, V-E4,V
[(bpy).Ru(bphb)Re(CO)5(CH3CN)]** 1.80  1.30  1.021.23
[(bpy),Ru(bphb)Re(CO)3(NMI)]** 1.61  1.27 1.081.28
[(bpy).Ru(bphb)Re(CO);(Py)]** 1.79  1.29  1.021.07

[(decb),Ru(bphb)Re(CO)5(CH,CN)J** 179 145  0.921.10
[(tpy)(CN),Ru(bphb)Re(CO)3(CH,CN)J2*1.791.25  1.32

[(bpy)zRu(bphb)Ru(tpy)(CN)]3+ 1.32 1.11 1.221.36
{[(bpy)Rul,bphb]** 1.24 1.241.32
[(decb),Ru(bphb)** 1.40 0.951.09
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All potentials are in volts and were recorded by cyclic voltammetry (100mV/sec) and differential pulse
polarography (5mV/sec, pulse height=20mV) in CH;CN containing 0.1 M tetraethylammonium perchlorate.

[(bpy),Ru(11)(bphb)Re(1)(CO)3(CHsCN)I* [ (bpy),Ru(111)(bphb)Re(1)(CO)s(CHsCN)]*
1

[(bpy).Ru(111)(bphb)Re(1)(CO)s(CHCN)]*“[(bpy).Ru(l11)(bphb)Re(11)(CO)s(CH3CN)]**

)
The oxidation potentials obtained are comparable to those of mononuclear or symmetrical bimetallic
complexes'’. The reductive electrochemistry consists of several overlapping peaks, but it is still possible to
discern some of the peak potentials. As with the Ru(ll) and Re(l) dimer complexes, the first reduction is
localized on the ligand with the lowest unoccupied molecular orbital. The second reduction, which is assigned to
the Re(l1/1) couple, overlaps with several reductions of ligands on the other metal.

Absorption and Luminescence Properties

The absorption and the luminescence data are provided in Table 2. These complexes showed a single
absorption peak. Most of them have absorption maxima at 460nm (+/-10 nm). A closer look at the absorption
spectra of the Re(l) containing complexes reveal a shoulder around 350 nm, which might be due to the Re(l)
Metal-to-Ligand-Charge-Transfer (MLCT) transition. Also the tpy and CN containing complexes show
additional absorption peaks beyond 480 nm.

Emission spectra obtained at both room temperature and 77K for the unsymmetrical bimetallic
complexes are dominated by emission from the acceptor moiety. The donor end emission was not observed,
except for [(tpy)(CN),Ru(bphb)Re(CO);(CH;CN)]J** which shows a small shoulder to the blue end of the dimer
emission at 77K. This observation may reflect strong emission quantum yield for the acceptor moiety or fast
electronic energy transfer to the acceptor centre. The emission quantum yield of the bimetallic complex donor is
decreased by energy transfer. If K,,>>K, then emission quantum yield becomes too small to measure.

The emission lifetime for donor luminescence in these complexes was very short both at room
temperature and at 77K but could be measured for [(tpy)(CN),Ru(bphb)Re(CO)s(CH;CN)J**and
[(bpy),Ru(bphb)Ru(tpy)(CN)]**. The respective lifetimes are 0.09 ns (+/-0.002 ns) and 6.1 ns (+/-0.02 ns). For
the other members of the series, the lifetime was too short to measure even with the picosecond time-correlated
single photon counting equipment. On the contrary, the symmetrical bimetallic complexes have long and
biexponential lifetimes as have been reported for other Re(l) complexes.’® ' This implies that, for the
unsymmetrical bimetallic complexes, energy transfer between the donor and acceptor centres is fast.

Table 2: Spectroscopic Properties of Metal Complexes examined

Compound Aabs loge rem (RT)hem (77Kk) Tem(RT)
[(bpy),Ru(bphb)Re(CO)s(CH3CN)** 456 456 619 517, 541, 586-
[(bpy),Ru(bphb)Re(CO)3(NMI)]** 456 420 628 598, 645-
[(bpy),Ru(bphb)Re(CO)s(Py)]** 458 423 614 586, 630, 700-

[(decb),Ru(bphb)Re(CO)3(CH3CN)]** 466 451 638 608, 654-
[(tpy)(CN)Ru(bphb)Re(CO)o(CH:CN)I** 468 4.2 545,600 638, 5960.09

[(bpy),Ru(bphb)Ru(tpy)(CN)] 464 4,54 656 640 6.10
{[(bpy),Ru] ;bphb]** 462 461 626 598, 6451950
[(dech),Ru(bphb)** 468 470 644 612, 6621450

Samples were degassed in CH3CN for 5 mins.Emission lifetimes refer to luminescence from the donor end
In principle, there is a possibility of oxidative and reductive electron transfer quenching of the donor. To
illustrate with the complex [(bpy),Ru(bphb)Re(CO)s(CH3;CN)]*", after photoexcitation (eq. 3), the donor can
undergo reductive (eg. 4) or oxidative quenching (eg. 5).
[(bpy)Ru(11)(bphb)Re(1)(CO)3(CHsCN)I** < [(bpy)Ru(11)(bphb)Re*(1)(CO)s(CHsCN)**
3
[(bpy)Ru(11)(bphb)Re*(1)(CO)3(CHsCN)** [(bpy).Ru(111)(bphb)Re(1)(CO)s(CHCN)]**
4
[(bpy)Ru(11)(bphb)Re*(1)(CO)3(CHsCN)** [(bpy)(bpy-)Ru(I1)(bphb)Re*(11)(CO)s(CHsCN)I**
5

The free energy of both electron transfer processes can be calculated from the emission energy and the redox
potentials of the complexes using the Rehm-Weller relation (eq 6).
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AG = on((éj)) —Ered(A) —Eeo +C

This relation considers the oxidation potential of the donor, E(D), the reduction potential of the acceptor,
E.q(A) and the emission energy, E,, The Eq, is taken as the room temperature emission energy in electron volts
(V), while En(D) and E.4(A) are the oxidation and reduction potentials of the symmetric bimetallic or
monometallic donor complexes. C is the coulombic term which describes the electrostatic interaction of the
centres as they are brought together. This term will be unimportant for covalently linked donor-acceptor
complexes.

For the complex [(bpy),Ru(I1)(bphb)Re(1)(CO)3(CH;CN)]*, the Ru(2+/3+) = 1.30 V, Re (+/2+) = 1.80 V,
Re(+/0) = Ru(2+/+) = -1.023 V, Eoo = 2.23 V. The free energy for oxidative quenching, AE(0x) = -0.59 V,
while the reductive quenching, AEel(red) = - 0.09 V. From the relationship, AG = -nF(AE), the electron transfer
process will be endergonic (AG>0) for all the complexes in this series, based on the AEel(red) and AEel(ox
values in Table 2. On the contrary, energy transfer quenching (eq. 7) is energetically favoured
[(bpy)Ru(11)(bphb)Re*(1)(CO)s(CHsCN)J*"  [(bpy),Ru*(11)(bphb)Re(1)(CO)s(CHsCN)J**

Energy transfer processes are indicated by rise times in the acceptor decay profiles or quenching (reduction) in
the donor emission. Emission rise times are seldom observed in transition metal complexes because of strong
overlap between donor and acceptor absorptions which makes selective donor excitation difficult. As a result,
most energy transfer processes are marked by donor emission quenching. However, at low temperature (around
5K) the time-resolved luminescence of the donor centre of [(dmb),Ru(bdebb)Ru(big)]** shows a rise and fall.?’
The energy transfer rate is obtained from the relationship:

k= (Uton)  +  (U1)(s™) 7
where Tpa ang Toare the emission lifetime of the donor-acceptor complex and donor complex, respectively.

Mechanism of Energy Transfer

Energy transfer processes in donor-acceptor complexes involve excitation of the donor centre which
relaxes back to the lowest thermally-equilibrated energy excited state, followed by energy transfer from the
donor to the acceptor, and finally relaxation of the donor to the ground state or to products, in competition with
back energy transfer.”> The mechanism of energy transfer between the donor and acceptor complexes can be
described by two mechanisms: Forster and Dexter.

The Forster mechanism is based on the overlap of the donor emission and acceptor absorption.? Donor
and acceptor complexes having large energy gaps between the donor and acceptor moieties will have large
overlap and more contribution from the Forster mechanism.?® The energy transfer via this mechanism is given
by eq. 8, which is the same as eq. 7%

em © dv
k,, = 1.25 x 10" [n;"TDRG] I hea s (8)

f Ipey d—_j: = Forster overlap, numerically calculated from donor emission and acceptor absorption overlap
0 v

The donor-acceptor distance is R=11.3A°, based on an X-ray crystal structure of the bridging ligand, bphb®.
The solvent’s (acetonitrile) refractive index, n is 1.39. ¢em and tpare the donor emission quantum yield and
lifetime, respectively; their values are given in Table 3. The overlap integral is obtained from the integrated area
of the normalized donor emission and acceptor absorption spectra as illustrated in Fig. 1.The calculated Forster
Overlap and energy transfer rate via this mechanism are given in Table 3. The calculated energy transfer rate
constants are much smaller than the experimental values. Energy transfer rates in the region predicted by the
Forster mechanism would be measurable using commonly available laser facilities. These results imply that, for
this series of complexes, energy transfer is dominated by Dexter (exchange) mechanism, with minor
contribution from Forster mechanism?*.
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Figure. 1:A Forster overlap for the donor, {[Re(CO);AN],(bphb)}(PFs), emission and the acceptor,
{[Ru(bpy).].(bphb)}(PFs), absorption. The overlap area was numerically calculated to obtain the Forster
overlap

When the emission lifetimes are measurable, the contribution of Dexter (exchange) mechanism to the energy
transfer process can be determined by subtracting the calculated luminescence decay rate based on eq. 8 from

the experimentally measured rates.

Table 3: Parameters Used to Verify Energy Transfer by Forster Mechanism

Compound AE*  AE(0X)°AEq(red)’ FO° K(calc), s™°
[(bpy),Ru(bphb)Re(CO)5(CH3CN)J** 2070 -059  -0.09 1.39x10™* 2.58x10’
[(bpy),Ru(bphb)Re(CO)5(NMI)J** 860  -0.60 -0.26 6.25x10™8 4.13x10°
[(bpy) ;Ru(bphb)Re(CO)s(Py)]** 1446 -0.65 -0.15 1.16x10™ 2.21x10’
[(decb) ,Ru(bphb)Re(CO)3(CH3CN)J** 2457 -0.48 -0.14 4.88x10™* 9.60x10’
[(tpy)(CN)ZRu(bphb)Re(CO)g(SCH3CN)]2+ 3079 -0.85 -0.34 2.10x10™ 9.60x10’
* 1003 -0.48 -0.35 7.25x10™° 1.13x10°

[(bpy).Ru(bphb)Ru(tpy)(CN)]

3Energy gap, 4E (cm™) was determined as the difference between donor and acceptor emission maxima.
"Free energy of electron transfer (in volts) was calculated using eq. 6.
‘Forster Overlap was obtained from the integral of donor emission and acceptor absorption.
Energy transfer rate was calculated using eq.9.

Theoretically, the Dexter (exchange) transfer can be rationalised using the Golden Rule formalism, eg. 9 and
utilizing the calculated electronic coupling matrix element, Hag.

Ken= KFCWD
Where k = 4(n2).[((311\5)2/hw [1/(47 ko T)]
And FCWD = ;120 )exp (-28).(S"w!1)(S¥/y!).exp {[ -X - AE; + y.hv p + W. hva)2]/(4%.ko. T)}
A = [(vi)Y 16 Ky, %11 I)n2]

(12)

By substituting the values of A=2000cm™, hvp=hva=1200cm™, Has=48cm™, and S=1.05 (which are
typical for Ru complexes and are obtained from emission spectral fitting)*® with the energy gap between donor
and acceptor centres, AE; value of 2070 cm™ for [(bpy),Ru(bphb)Re(CO)3(CH;CN)]* and the calculated
electronic coupling matrix element, Hag, the exchange energy transfer rate constant is obtained. The dependence
of the energy transfer rate constant and the emission lifetime on Hug is illustrated in Table 4. With an electronic
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coupling matrix element, HAB = 48cm™, the expected emission lifetime for these unsymmetrical bimetallic
complexes is in picoseconds, in agreement with our inability to measure the lifetime of most of these complexes.
The inability to measure the emission lifetimes also made it impossible to determine the variation of the energy
transfer rate constant with the energy gap between the donor and acceptor centres. The larger transfer rate
constant in these bphb complexes may also be due to better electronic communication, more rigidity and short
distance between the donor-acceptor centres”’.

Table 4: Relationship between the Electronic Coupling Matrix Element, Hag and the Rate Constant and the
Expected Emission Lifetime

Hag, cm™® Ken, S t, s
1.00 1.31x10° 7.64x10”
6.00 4.72x10° 2.12x10%°
11.00 1.59x10%° 6.31x10™
16.00 3.35x10"° 2.98x10™
21.00 5.78x10"° 1.73x10
26.00 8.85x10% 1.13x10™"
31.00 1.26x10" 7.95x10*2
36.00 1.70x10" 5.89x10*?
41.00 2.20x10M 4.54x10™"2
46.00 2.77x10" 3.61x10™%?
51.00 3.41x10M 2.944x10

®Emission lifetime values were obtained from (ken)-1. Ken values were obtained via equations 10-12 utilising
typical emission spectral parameters available from literature references.

IV. Conclusion

Forster and Dexter energy transfer mechanisms are both important in energy transfer between donor-
acceptor centres in unsymmetrical compounds, but for the series of complexes investigated in this work, the
Dexter (exchange) mechanism appears to be dominant. Comparison of these experimental results with others in
the literature show that the bridging ligand, bphb is a good mediator of energy transfer processes, most probably
due to its shorter distance, more rigidity and/or better electronic communication. These results provide
justification for further investigation of this ligand and complexes for photochemical molecular device
applications.
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