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Abstract  

Since the initial report by Lehn et al. in 1979, ruthenium tris(bipyridine) ([Ru(bpy)3]2+) and its 

numerous derivatives were applied as photosensitizers (PSs) in a large panel of 

photocatalytic conditions while the bis(terpyridine) analogues were disregarded because of 

their low quantum yields and short excited-state lifetimes. In this study, we prepared a new 

terpyridine ligand, 4′-(4-bromophenyl)-4,4‴:4″,4‴′-dipyridinyl- 2,2′:6′,2″-terpyridine (Bipytpy) 

and used it to prepare the heteroleptic complex [Ru(Tolyltpy)(Bipytpy)](PF6)2 (1; Tolyltpy = 4′-

tolyl-2,2′:6′,2′-terpyridine). Complex 1 exhibits enhanced photophysical properties with a 

higher quantum yield (7.4 × 10–4) and a longer excited-state lifetime (3.8 ns) compared to 

those of [Ru(Tolyltpy)2](PF6)2 (3 × 10–5 and 0.74 ns, respectively). These enhanced 

photophysical characteristics and the potential for PS–catalyst interaction through the 

peripheral pyridines led us to apply the complex for visible-light-driven hydrogen evolution. 

The photocatalytic system based on 1 as the PS, triethanolamine as a sacrificial donor, and 

cobaloxime as a catalyst exhibits sustained activity over more than 10 days under blue-light 

irradiation (light-emitting diode centered at 450 nm). A maximum turnover number of 764 was 

obtained after 12 days. 

 

Introduction 

Ruthenium tris bipyridine complexes have become the archetypical model compound for 

transition metal ion-based photosensitizers in photocatalytic reactions.1, 2 For the ability to 

function as a photosensitizer, a long excited-state lifetime and a high quantum yield are 

necessary in order to efficiently transfer electrons to the catalyst.3 Ruthenium tris bipyridine 



complexes offer these properties, associated with a high degree of tunability allowing one to 

adjust the complex’s redox potentials and push the absorption to cover the entire visible 

spectrum. Numerous studies using ruthenium, as well as iridium or rhenium photosensitizers 

showed that the presence of interactions between the photosensitizer and the catalyst leads to 

an enhancement of the overall photocatalytic activity.4-7 Recently, Mulfort and Tiede 

suggested that a photosensitizer capable of coordinating to the catalytic center could 

overcome diffusional constraints and enable efficient intermolecular electron transfer. Even 

though they did not observe activity in hydrogen production for their systems, their 

investigations and results confirm this to be a promising approach.8 Interestingly, they 

considered the use of a ruthenium bis terpyridine complex as photosensitizer and showed that 

through suitable design of a donor-acceptor system, efficient electron transfer could be 

observed. This is surprising as ruthenium bis terpyridine complexes have been disregarded as 

photosensitizer due to their low quantum yield and short excited-state lifetime resulting from 

the low lying non-radiative metal center excited state, which is easily populated at room 

temperature.9-11 However, the linear D2d symmetry of bis-tridentate complexes, which comes 

without stereoisomers compared to the three-fold D3 symmetry of tris bidentate complexes, 

offers a suitable connectivity for directional electron transfer. In addition, the coordination 

geometry of the bis terpyridine complex allows the design of linear arrays or polymers,12-14 

whose properties can be tuned by using different spacers as well as substituents.15-17 Despite 

intensive efforts dedicated to improving their photophysical properties, ruthenium bis 

tridentate complexes have, to the best of our knowledge, not been shown to photocatalyze 

hydrogen production.18, 19 Herein, we report a newly designed heteroleptic complex capable of 

coordinating to the catalyst via peripheral pyridine substituents and discuss its photophysical 

and electrochemical properties as well as its potential as photosensitizer in hydrogen 

production experiments. 

Experimental 
Material. The ligand Tolyltpy was prepared according to published procedure.20 The 

synthesis of the precursor 2-acetyl-4,4’-bipyridine was optimized in our laboratory from 

previous work.21, 22 The complexation was carried out as a two-step procedure adapted from 

the literature.23 All reagents and solvents were obtained from commercial sources (VWR, 

Fisher Scientific, Acros or Sigma Aldrich) and used as received, unless stated otherwise. 

RuCl3⋅3H2O was obtained from Pressure Chemicals. 



Synthesis. 2-acetyl-4,4’-bipyridine: A solution of 4,4’-bipyridine (3.00 g, 19.2 mmol, 1 eq), 

iron(II) sulfate heptahydrate (267 mg, 960 µmol, 0.05 eq), acetaldehyde (5.40 mL, 4.23 g, 

96.0 mmol, 5 eq), tert-butylhydroperoxide (26.6 mL, 17.3 g, 192 mmol, 10 eq) and 

trifluoroacetic acid (7.40 mL, 11.0 g, 96.0 mmol, 5 eq) in acetonitrile (60 mL) was heated to 

reflux for 90 minutes. Subsequently, the acetonitrile was removed under reduced pressure and 

the pH of the residue was raised to approximately 9 by adding 1 M aqueous sodium 

carbonate. After extraction with dichloromethane, the organic phase was dried over 

magnesium sulfate and the solvent removed under reduced pressure. The crude product was 

purified by column chromatography (silica gel, ethyl acetate) to yield the pure product as an 

off-white solid (1.60 g, 8.07 mmol, 42 %). 1H-NMR (400 MHz, CDCl3): δ = 8.81 (d, 1H, 
3J = 5.1 Hz, PyH6), 8.77 (dd, 2H, 3J = 4.4 Hz, 4J = 1.6 Hz, Py’H2,6), 8.31 (d, 1H, 4J = 1.2 Hz, 

PyH3), 7.72 (dd, 1H, 3J = 5.1 Hz, 4J = 1.9 Hz, PyH5), 7.59 (dd, 2H, 3J = 4.5 Hz, 4J = 1.7 Hz, 

Py’H3,5) and 2.78 (s, 3H, CO(CH3)). 13C-NMR (101 MHz, CDCl3): δ = 26.0, 119.4, 121.5, 

124.6, 144.9, 146.7, 150.1, 150.9, 154.5, 199.9. Elemental analysis calcd (%) for C12H10N2O: 

C 72.71, H 5.08, N 14.13; found: C 72.43, H5.11, N 13.67. HRMS (ESI-TOF) m/z: [M+Na]+ 

Calcd for C12H10N2NaO 221.0685; found 221.0685. 

4‘-(4-Bromophenyl)-4,4’’’:4‘‘,4’’’’-di-pyridinyl-2,2‘:6‘,2‘‘-terpyridine Bipytpy: To a solution 

of 2-acetyl-4,4’-bipyridine (500 mg, 2.52 mmol, 2.5 eq) in ethanol (25 mL), 4-

bromobenzaldehyde (187 mg, 1.01 mmol, 1 eq), potassium hydroxide (283 mg, 5.04 mmol, 

5 eq) and aqueous ammonia (28 weight%, 7.02 mL, 6.32 g, 50.4 mmol, 50 eq) were added. 

The reaction mixture was heated to reflux for two weeks. Subsequently, water was added to 

precipitate the product, which was filtered over celite, washed with water and methanol and 

dissolved in dichloromethane. The solution was dried over magnesium sulfate and the solvent 

was removed under reduced pressure. The crude product was suspended in methanol and the 

slurry filtered to give the product as a white solid (251 mg, 463 µmol, 46 %). 1H-NMR 

(300 MHz, CDCl3): δ = 8.89 (d, 2H, 4J = 1.8 Hz, PyH3/Py‘‘H3), 8.86 (dd, 2H, 3J = 5.1 Hz, 
4J = 0.7 Hz, PyH6/Py’‘H6), 8.80 (dd, 4H, 3J = 4.5 Hz, 4J = 1.7 Hz, Py’’’H2,6/Py’’’’H2,6), 8.79 

(s, 2H, Py’H3,5), 7.81 (dd, 3J = 6.6 Hz, 4J = 2.0 Hz, 2H, PhH), 7.68 (m, 6H, PhH/ 

Py’’’H3,5/Py’’’’H3,5) and 7.62 ppm (dd, 3J = 5.1 Hz, 4J = 1.8 Hz, 2H, PyH5/Py‘‘H5). 13C{1H}-

NMR (101 MHz, CDCl3): δ = 157.1, 156.0, 150.9, 150.3, 149.6, 146.8, 146.1, 137.3, 132.4, 

129.0, 123.9, 121.8, 121.7, 119.5 and 119.3 ppm. ESI-MS: m/z [M + H]+ cacld for 

C31H20BrN5: 542.0975; found: 542.0887; difference: 16.2 ppm 

[Ru(Tolytpy)Cl3]: A solution of ruthenium(III) chloride trihydrate (261 mg, 1.00 mmol, 1 eq) 

and Tolyltpy (323 mg, 1.00 mmol, 1 eq) in ethanol (125 mL) was heated to reflux for 3 hours. 



Subsequently, the reaction mixture was filtered and the residue washed with ethanol to yield a 

red-brown solid (470 mg, 885 µmol, 89 %). The product was used without further 

purification. 

[Ru(Tolyltpy)(Bipytpy)](PF6)2: A suspension of [RuCl3(Tolyltpy)] (75.0 mg, 141 µmol, 1 eq), 

Bipytpy (76.6 mg, 141 µmol, 1 eq) and four drops of trimethylamine in 15.0 mL ethylene 

glycol was heated to 170 °C for 25 minutes using microwave irradiation. After cooling to 

room temperature water and aqueous KPF6 solution were added to the solution and the 

precipitate filtered off over celite. After washing with water, it was dissolved in acetonitrile, 

dried over magnesium sulfate and the solvent was removed under reduced pressure. Traces of 

ethylene glycol were removed by washing the crude product with water. It was further 

purified by column chromatography (silica gel, MeCN: KNO3(aq) 7:1) to yield a dark red solid 

(138 mg, 110 µmol, 78 %). 1H-NMR (400 MHz, CD3CN): δ = 9.22 (s, 2H), 9.06 (s, 2H), 8.99 

(d, 4J = 1.6 Hz, 2H), 8.79 (dd, 3J = 4.5 Hz, 4J = 1.6 Hz, 4H), 8.70 (d, 3J = 8.1 Hz, 2H), 8.25 (d, 
3J = 8.6 Hz, 2H), 8.16 (d, 3J = 8.2 Hz, 2H),  7.99 (m, 4H), 7.76 (dd, 3J = 4.5 Hz, 4J = 1.7 Hz 

4H), 7.63 (d, 3J = 7.9 Hz, 2H), 7.60 (d, 3J = 5.9 Hz, 2H), 7.54 (dd, 3J = 5.9 Hz, 4J = 2.0 Hz, 

2H), 7.48 (d, 3J = 4.9 Hz, 2H), 7.23 (ddd, 3J = 7.1 Hz, 3J = 5.6 Hz, 4J = 1.2 Hz, 2H) and 

2.55 ppm (s, 3H). 13C{1H}-NMR (75 MHz, CD3CN): δ = 159.9, 159.2, 156.6, 156.3, 155.6, 

153.8, 153.5, 151.8, 149.8, 148.2, 148.0, 143.7, 142.1, 139.2, 136.9, 133.8, 131.3, 130.6, 

128.7, 128.5, 125.9, 125.5, 123.4, 123.3, 122.9, 122.5, 122.5 and 21.4 ppm. ESI-MS: m/z [M 

– PF6]+ cacld for C53H37BrF6N8PRu: 1111.10044; found: 1111.09792; difference: 3.1 ppm. 

Anal. cacld for C53H37BrF12N8P2Ru,2H2O: C, 49.24; H, 3.20; N, 8.67. Found: C, 48.84; H, 

3.06; N, 8.36. 

Results and discussion 
Synthesis and structural characterizations. The synthesis of the ligand 4‘-(p-

bromophenyl)-4,4’’’:4‘‘,4’’’’-di-pyridinyl-2,2‘:6‘,2‘‘-terpyridine (Bipytpy) is carried out 

using 2-acetyl-4,4’-bipyridine analogously to a one-pot reaction described previously.20 The 

synthesis of this monoacetylated precursor was previously mentioned as traces in the 

acetylation of 4,4’-bipyridine.21  The careful investigation leading to the new protocol used 

here, allowed us to reduce the amount of poly-acetylated products and isolate the desired 

compound in good yield and purity.21, 22 The heteroleptic complex is prepared via a two-step 

synthesis, adapted from Fallahpour et al.23 First, a Ru(III) complex is formed by the reaction 

of hydrated RuCl3 with p-tolyl-2,2‘:6‘,2‘‘-terpyridine (Tolyltpy). This complex is reacted with 



Bipytpy under microwave conditions to yield the heteroleptic Ru(II) complex in 78 % yield (

 
Scheme 1). Both the ligand and the complex are characterized by 1H and 13C NMR 

spectroscopy as well as high-resolution mass spectrometry.  

 
Scheme 1. Synthetic pathway towards complex 1 [Ru(Tolyltpy)(Bipytpy)](PF6)2. 



X-Ray analysis was performed on a single-crystal of the complex 

[Ru(Tolyltpy)(Bipytpy)](PF6)2 1 obtained by slow diffusion of diethyl ether in a concentrated 

acetonitrile solution of the complex (Figure 1). The central ruthenium ion is embedded in a 

distorted octahedral coordination sphere, imposed by the restricted bite angle of the two 

meridionally coordinated terpyridine ligands. The Tolyltpy is slightly bent due to 

intramolecular interactions, i.e. weak stacking between the terminal tolyl group and one of the 

lateral pyridines of the Tolyltpy of a neighboring complex and H bonding involving the 

pendant pyridines (see Figure S2-S3). A similar bending induced by interaction in the crystal 

packing was recently reported by Beves et al. in their work of crystal engineering using 

heteroleptic ruthenium bis terpyridine complexes as building blocks.24 Finally, the structure 

shows that the pendant pyridines are not fully coplanar with the terpyridine unit, with torsion 

angles around 23 and 45 degrees, as observed in other polypyridine based systems.6 



Figure 1. Ellipsoid representation of [Ru(Tolyltpy)(Bipytpy)]2+ 1 at 50 % probability. 

Hydrogen atoms, PF6
- counter ions and co-crystallized solvent molecules are omitted for 

clarity. 

Electronic properties. The non-symmetric design of complex 1 involves two terpyridines 

ligands with different electron densities in order to facilitate the transfer of electron density 

towards the Bipytpy ligand in the excited state, thus favoring directional electron transfer. The 

success of our design is confirmed by the electrochemical experiments conducted in 

acetonitrile, whose results are summarized in Table 1. The cyclic voltammogram of complex 

1 (see Figure S1) shows one reversible oxidation and three reversible reduction processes. 

The oxidation process at +1.21 V vs SCE corresponds to the Ru(II) to Ru(III) oxidation. To 

assign the three reduction waves, we compare them to that of the homoleptic complex 

[Ru(Tolyltpy)2]2+. The first reduction of the heteroleptic complex is at a slightly lower 

negative potential than for the homoleptic complex and corresponds thus to the reduction of 

the Bipytpy ligand. Bipytpy is easier to reduce due to its electron withdrawing substituents 

and the extended conjugated π-system. The second reduction process takes place at the 

Tolyltpy ligand and the observed potential is in agreement with the one observed for the 

homoleptic species. The third reduction corresponds to a second reduction of the Bipytpy 

ligand. The experimentally determined redox processes and their assignments are confirmed 

by the theoretical calculations performed on complex 1 (details on the parameters used are 

available in the SI). Selected molecular orbitals of complex 1 are presented in Table 2 

(additional orbitals along with their respective molecular contributions are presented in Table 

S1). 

Table 1. Electrochemical half-wave redox potentials of complex 1 [Ru(Tolyltpy)(Bipytpy)]+2 

compared to [Ru(Tolyltpy)2]2+ in acetonitrile.a 

 
!!/!!"  !!/!!"#$ !!/!!"#$ !!/!!"#$ 

[Ru(Tolyltpy)(Bipytpy)]+2 +1.21 (85) -1.17 (75) -1.46 (71) -1.66 (86) 

[Ru(Tolyltpy)2]+2 +1.22 (69) -1.24 (42) -1.48 (67)  

a Potentials are given in V vs SCE; measurement in nitrogen purged acetonitrile solutions containing 0.1 M 
TBAPF6 at a sweep rate of 100 mVs-1; the differences between cathodic and anodic peak potentials are given 
in parentheses in mV. 



The impact of our design on the absorption spectra of the complex is analyzed using UV-vis 

absorption spectroscopy. The spectrum is shown in Figure 2 and the major bands are 

summarized in Table , where they are compared to the homoleptic Tolyltpy complex. The 

transition at λ = 497 nm is slightly red-shifted compared to the homoleptic complex; this 

transition is known to correspond to metal-to-ligand charge transfers (MLCT), as confirmed 

by TD-DFT. The other major bands visible in the spectrum (see Figure 2) correspond to 

ligand-centered (LC) transitions. 

Table 2. Representation of the molecular orbitals of interest (isocontour value 0.03 a.u.). 

HOMO LUMO LUMO+1 
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Figure 2. UV-vis absorption (black) and normalized room-temperature emission spectra 

(grey) of complex 1 [Ru(Tolyltpy)(Bipytpy)]2+ (solid line) and reference [Ru(Tolyltpy)2]2+ 

(dashed line) measured in acetonitrile. 

Table 3. UV-vis absorption and emission data of complex 1 [Ru(Tolyltpy)(Bipytpy)]2+
 

compared to [Ru(Tolyltpy)2]2+; spectra measured in acetonitrile. 

                                     λmax abs. / nm (ε / 103 L.mol-1.cm-1) λmax em. / Φc /  τc / ns 

 LC MLCT nm 10-5  

[Ru(Tolyltpy)(Bipytpy)]2+ 233 

(93) 

302 

(80) 

330 

(71) 

497 

(34) 
656 74 ± 33 3.8 ± 0.1 

[Ru(Tolyltpy)2]2+ 285 

(58) 

310 

(64) 
 

491 

(23) 
636 3 ± 1b 0.74 ± 

0.02b 

b from ref. 24 

Room-temperature fluorescence is recorded in argon purged acetonitrile solutions. The 

quantum yield is determined using the optically dilute measurement method25 with 

[Ru(Tolyltpy)2]+2 as reference.26 The data is summarized in Table 3. The maximum of the 

emission wavelength is slightly red shifted to 656 nm in comparison to the homoleptic 

Tolyltpy complex at 636 nm. As expected, the quantum yield Φc and excited-state lifetime are 

significantly lower than for Ru(II) tris bidentate complexes.5 When comparing complex 1 

with other Ru(II) terpyridine complexes, however, the quantum yield is increased by an order 



of magnitude while the excited-state lifetime of the heteroleptic complex is increased to 

3.8 ns.26 This excited-state lifetime can allow reductive or oxidative quenching to take place 

more efficiently in the context of a photocatalytic experiment. In this regard, the redox 

potentials for the excited photosensitizer are estimated using the following equations: E*ox =  

Eox – Eem and E*red = Ered + Eem, where Eem(eV) ≈ 1240/ λem (nm),  giving potentials of -0.66V 

and 0.71V vs SCE for the oxidation and reduction respectively of the excited photosensitizer. 

Spectroelectrochemical measurements of complex 1 were conducted. The change in 

absorption during oxidation of the complex is shown in Erreur ! Source du renvoi 

introuvable.. The most significant change is the decrease of the MLCT absorption band. 

Instead, an increasing absorption band at round 400 nm is observed. It can be assigned to a 

ligand-to-metal charge transfer (LMCT) transition, possible due to the oxidation of the metal-

centered HOMO. 
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Figure 3. UV-vis absorption spectra of [Ru(Tolyltpy)(Bipytpy)]2+ 1 in argon purged 

acetonitrile at different oxidation potentials from 0.0 V to 1.5 V vs Ag/Ag+. 

The change in absorption during the reduction of the complex is shown in Erreur ! Source 

du renvoi introuvable.. The intensity of the MLCT band hardly changes indicating that this 

transition is not affected by the reduction of the complex. The electrochemically reversible 

reduction processes observed in cyclic voltammetry already led to the assumption that the 

reduction processes are ligand centered, resulting in a stable d6 complex. The 

spectroelectrochemical experiments confirm this conclusion. 



The broadening of the peak around 490 nm could be assigned to a ligand-to-metal charge 

transfer (LMCT) transition due to the population of the non-bonding orbital, which can be 

excited to an anti-bonding metal-centered orbital. 
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Figure 4. UV-vis absorption spectra of [Ru(Tolyltpy)(Bipytpy)]2+ 1 in argon purged 

acetonitrile at different reduction potentials from 0.0 V to -2.0 V vs Ag/Ag+. 

Photocatalytic experiments. Based on the enhanced excited-state lifetime and quantum 

yield, the potential of complex 1 to act as photosensitizer in hydrogen evolution was 

investigated. Two types of catalysts were used, either K2[PtCl4] as precursor for platinum 

colloids as heterogeneous active species or cobaloxime such as [Co(dmgH)(dmgH2)Cl2] 

(dmgH2: dimethyl glyoxime) as homogeneous catalyst (experimental details are given in the 

SI). These catalysts are known from previous investigations to show high activity in hydrogen 

production experiments.27, 28 Erreur ! Source du renvoi introuvable. shows the turn-over 

frequency (TOF) of the first 24 h of hydrogen evolution experiments with 

[Ru(Tolyltpy)(Bipytpy)]2+ and different catalysts. In the absence of one of the components or 

light, no hydrogen evolution is detected. Under irradiation, both the homogeneous and 

heterogeneous systems show photocatalyzed hydrogen evolution, the data is summarized in 

Table 4. 

 

Table 4. Hydrogen production with complex 1 and different catalyst under 445 nm irradiation. 

Catalyst TOFmax 
mmolH2.molPS.min-1 

TOFmax 
molH2.molPS.h-1 

nH2
a 

µmol TONa Induction 
period h 

K2[PtCl4] (50µM)b 56 3.36 60 116 <0.1 
[Co(dmgH)(dmgH2)Cl2] 

(1mM)c 53 3.18 63 122 1.9 

[Co(dmgH)(dmgH2)Cl2] 54 3.24 62 119 0.8 



(0.5mM)d 
[Co(dmgH)(dmgH2)Cl2] 

(1mM)c,e 51 3.06 395e 764e 3.4 

[Co(H2O)6](BF4)2 (1mM)c 57 3.42 69 134 0.2 
All values are average from multiple runs with 0.1 mM complex 1 in DMF with 1 M triethanolamine as sacrificial 
donor and 0.1 M tetrafluoroboric acid as proton source; a Amount of H2 evolved after 44 h unless stated otherwise ; b 
Used as precursor for colloidal Pt ; c 6 mM of free dmgH2 ligand added ; d 3 mM of free dmgH2 ligand added ; e 
Experiment was conducted for 296 h. 
 

 
Figure 5. Comparison of the hydrogen evolution performances of complex 1 under blue light 

irradiation with different catalysts. Insert: First few hours showing the induction period if 

Co(III) is used as catalyst. 

When using the Pt-catalyst, no induction period is observed while the hydrogen production 

with [CoIII(dmgH)(dmgH2)Cl2] only starts after an induction period of several hours. The 

absence of induction with Pt is expected since no intermediate species needs to accumulate. 

However, if one considers the mechanism of catalysis with cobaloxime proposed by Razavet 

et al.29, it appears that the initial Co(III) complex has to be reduced to Co(I), which is 

assumed to be the active species forming an hydride complex. First, Co(II), which forms as 

intermediate in the initial reduction step,  needs to accumulate before the active species, Co(I), 

is finally formed because otherwise any Co(I) formed in the presence of Co(III) species could 

be subject to comproportionation reactions. This hypothesis is confirmed by the following 

results. When half of the amount of Co(III) catalyst is used, the induction period is halved 

without affecting the initial rate of activity. Furthermore, when using Co(II), such as 

[Co(H2O)6](BF4)2, almost no induction is observed, while a similar rate of activity compared 

to the previous experiment is again measured. In this case, the observed induction period can 

be attributed to a partial oxidation of the cobalt during the preparation of the solution in air. 

Since using different catalysts leads to the maximum TOF of all catalysts to be similar within 

the experimental error (± 10 %), around 50 mmolH2.molPS.min-1, we believe reductive 



quenching by triethanolamine to be the limiting step, which would be coherent with the 

modest photophysical properties of our photosensitizer.  

In general, the Co-containing system showed a better photocatalytic stability than the Pt-

containing ones as the TOF remains almost constant with the Co species, while it decays 

rapidly with Pt, with a decrease of 20 % in 44 h. Similar photocatalytic instability is only 

observed when a lower concentration (0.5 mM) of Co catalyst is used, presumably due to the 

concentration mismatch between photosensitizer and electrocatalyst leading to 

photodecomposition of the photodegradation of the system. The photocatalytic stability of the 

system with 1 mM [Co(dmgH)(dmgH2)Cl2] as catalyst is further explored and, as shown in 

Figure 6, the activity is sustained for at least 12 days, with the TOF decaying slowly from 50 

to 40 mmolH2.molPS.min-1 after 300 hours. 

 
Figure 6. Long term hydrogen evolution using complex 1 under blue light irradiation with 

[Co(dmgH)(dmgH2)Cl2] (1 mM) as catalyst. 

 

The observed TOF of complex 1 with the different catalysts is low compared to systems based 

on [Ru(bpy)3]2+ or its derivatives reaching thousands of mmolH2.molPS.min-1 but the large 

increase in stability allows for similar TON as [Ru(bpy)3]2+ based systems often become 

inactive within hours.30 

 

Conclusion 



A novel heteroleptic Ru(II) bis terpyridine complex, [Ru(Tolyltpy)(Bipytpy)]2+, is obtained 

following established synthetic procedures for this type of compound. The photophysical 

properties of complex 1 are improved compared to the related homoleptic complex 

[Ru(Tolyltpy)2]2+ with a longer excited-state lifetime and a higher quantum yield, but yet 

remains humble compared to corresponding bipyridine complexes. The designed donor-

acceptor structure leads to the expected directional electron transfer towards the more 

electron-accepting Bipytpy ligand, which possesses pendant pyridine arms preparing complex 

1 to interact with a catalyst. The potential of our design is confirmed by photocatalytic 

hydrogen evolution experiments, in which complex 1 appears to be a suitable photosensitizer 

with both molecular cobalt and colloidal platinum catalysts. The homogeneous system 

exhibits sustained hydrogen evolution over 12 days albeit with modest activity. This study is 

the first example of Ru bis terpyridine complex capable of driving a photocatalytic reaction 

and we expect a renewal of interest for the use of this type of complexes in photocatalytic 

processes. We are currently exploring other donor-acceptor designs that would lead to 

enhanced photophysical properties in order to increase the activity while maintaining the 

stability presented by complex 1. 

Associated content 

Additional information regarding the instrumentation, electrochemical, crystallographic and 

theoretical studies as well as hydrogen evolution set-up details and attributed NMR spectra 

are available in the supplementary materials (PDF). The structure is deposited into the CCDC 

under the following reference: 1872343.  
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