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APCC Schedule 
 

Wednesday 5 July 
14:00 - 21:00 Registration opens The Byre Theatre 

18:00 - 21:00 Welcome reception The Byre Theatre 

      

Thursday 6 July 
08:00 – 08:55 Late registration available Foyer area 

Medical Building 

08:55 - 09:00 Welcome remarks Booth Lecture Theatre 

Medical Building 

09:00 - 10:40 Session one 
Chaired by Paul Elliott University of Hudderfield 

 

09:00 Luisa De Cola (plenary) Université de Strasbourg 

09:40 Keith Gordon (contributed) University of Otago 

10:00 Graham Hungerford (contributed) HORIBA Scientific 

10:20 Paul Scattergood (contributed) University of Hudderfield 

Booth Lecture Theatre 

10:40 - 11:00 Morning coffee break Foyer area 

11:00 - 12:30 Session two 
Chaired by Veronique Guerchais Institut des Sciences Chimiques de 

Rennes 
 

11:00 Eric Meggers (invited) Philipps-University Marburg 

11:30 Evan Moore (contributed) University of Queensland 

11:50 Elizabeth Gibson (contributed) Newcastle University 

12:10 Masa-aki Haga (contributed) Chuo University 

Booth Lecture Theatre 

12:30 - 14:00 Lunch Foyer area 

14:00 - 15:50 Session three 
Chaired by Joe Deaton North Carolina State University 

 

14:00 Yun Chi (invited) National Tsing Hua University 

14:30 Veronique Guerchais (contributed) Institut des Sciences 

Chimiques de Rennes 
14:50 Ross Davidson (contributed) Durham University 

15:10 Munetaka Iwamura (contributed) University of Toyama 

15:30 Valery Kozhenikov (contributed) Northumbria University 

Booth Lecture Theatre 

15:50 - 16:10 Afternoon coffee break Foyer area 

16:10 - 17:50 Session four 
Chaired by Mike Therrien Duke University 

 

16:10 Chihaya Adachi (invited) Kyushu University 

16:40 Masako Kato (invited) Hokkaido University 

17:10 Ifor Samuel (plenary) University of St Andrews 

Booth Lecture Theatre 

17:50 - 19:30 Poster session Foyer area 
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Friday 7 July 
09:00 - 10:40 Session five 

Chaired by Elizabeth Gibson Newcastle University 

 

09:00 Kirk Schanze (plenary) University of Texas at San Antonio 

09:40 David Davies (contributed) University of Leicester 

10:00 Joseph Deaton (contributed) North Carolina State University 

10:20 Christopher Burke (contributed) Dublin City University 

Booth Lecture Theatre 

10:40 - 11:00 Morning coffee break Foyer area 

11:00 - 12:30 Session six 
Chaired by Masa-aki Haga Chuo University 

 

11:00 Max Massi (invited) Curtin University 

11:30 Paul Elliott (contributed) University of Hudderfield 

11:50 Silvia Alonso-Castro (contributed) CIC biomaGUNE / DIPC 

12:10 Jon Shewring (contributed) University of Sheffield 

Booth Lecture Theatre 

12:30 - 14:00 Lunch Foyer area 

14:00 - 16:00 Session seven 
Chaired by Evan Moore University of Queensland 

 

14:00 Paola Ceroni (invited) University of Bologna 

14:30 Tomoyoshi Suenobu (contributed) Osaka University 

14:50 Lu Wei (contributed) Southern University of Science and 

Technology of China 
15:10 Frank Camerel (contributed) University of Rennes 1, Institute of 

Chemical Sciences 
15:30 Jerry Meyer (invited) UNC Chapel Hill 

Booth Lecture Theatre 

16:00 - 16:20 Afternoon coffee break Foyer area 

16:20 - 18:20 Session eight 
Chaired by Keith Gordon University of Otago 

 

16:20 Mark Thompson (plenary) University of Southern California 

17:00 Michael Therien (contributed) Duke University 

17:20 Ken Sakai (invited) Kyushu University 

17:50 Garry Hanan (invited) Université de Montréal 

Booth Lecture Theatre 

18:20 - 18:30 Closing remarks Booth Lecture Theatre 

19:00 Banquet Lower College Hall 

      

Saturday 8 July 
10:30 Optional excursions taking place Pick up from front desk 

Agnes Blackadder Hall 

      

Sunday 9 July 
08:30 Bus pick-up to Oxford for ISPPCC Front desk 

Agnes Blackadder Hall 
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Title: Luminescent assemblies, sensing and diagnostics 

Session: Session one 06/07/2017 

Presentation time: 09:00 - 09:40  

Author/speaker: Luisa De Cola 

Institute: Université de Strasbourg 

Summary: 
 

 

Luminescent molecules that can undergo self-assembly are of great interest for the development of new 

materials, sensors, biolabels…. The talk will illustrate some of the recent results on soft structures based on 

metal complexes able to aggregate in fibers, gels and soft mechanochromic materials [1]. The emission of 

the compounds can be tuned by an appropriate choice of the coordinated ligands as well as of their 

aggregation in different structures. The formation of soft assemblies allows the tuning of the emission 

color, by pressure and temperature leading to a new class of materials possessing reversible properties. We 

demonstrate how even small changes in molecular design can completely inhibit or enhance the formation 

of organized supramolecular architectures, leading to a deep understanding of the key factor affecting the 

whole self-assembly process. 

The monitoring of the different emission properties, used as fingerprint for each of the assembled species, 

allowed an unprecedented real-time visualization of the evolving self-assemblies [2]. The assemblies can 

be employed as very sensistive labels for the detection of toxins and drugs [3]. 

In the final part of the talk the use of luminescent and electrochemiluminescent complexes as diagnostics 

labels will be discussed. In particular the combination of the compounds and carbon dots for 

electrochemiluminescent assay opens new perspective on the use of these platforms for in vitro 

immunoassays [4]. 

 

 

 

References 
[1] C. A. Strassert, L. De Cola et al. Angew. Chem. Int. Ed., 2011, 50, 946; M. Mauro, L. De Cola et al. 

Chem. Commun. 2014, 50, 7269,  

[2] A. Aliprandi, M. Mauro, L. De Cola Nature Chemistry , 2016, 8, 10-15 

[3] S. Sinn, L. De Cola et al. Chem. Eu. J., 2017, 23, 1965-1971. 

[4[ S. Carrara, L. De Cola et al.Angew. Chem. Int. Ed., 2017, 56, 4757-4761 
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Title: The effect of donor substituents on the photophysics of 

hexaazanaphthalene complexes: a computational and spectroscopic 

study 

Session: Session one 06/07/2017 

Presentation time: 09:40 - 10:00  

Author/speaker: Keith Gordon 

Institute: University of Otago 

Summary: 
 

 

We have studied mono-, bi- and trinuclear Re(CO)3Cl complexes with the hexaazanaphthalene (HATN) 

and the sulfur substituted ligand 2,3,8,9,14,15-hexa(octyl-thioether)5,6,11,12,17,18-hexaazatrinaphthalene 

(HATN-(SOct)6).  These complexes show intense absorption bands in the visible region.  For the HATN 

complexes these are due to π → π* and MLCT transitions.  The lowest energy transitions has ε from 4000 

to 20000 M-1 cm-1.  For the HATN-(SOct)6 the optical spectrum shows much more intense absorption 

features that are significantly red-shifted from the parent ligand complexes (ε from 55,000 to 90,000 M-1 

cm-1).  Using time-dependent density functional theory (TD-DFT) calculations and resonance Raman 

spectroscopy the absorption bands for the HATN-(SOct)6 complexes  are shown to be π → π*, MLCT, 

ILCT(intraligand charge-transfer, sulfur → HATN), or mixed MLCT/ILCT in nature. Time-resolved 

infrared spectroscopy is used to probe structural changes and dynamics on short time scales and supports 

the assignment of a mixed MLCT/ILCT state in which both sulfur groups and one metal center act as 

electron donors to the metals.  Time-resolved infrared spectroscopy is also used to study the excited states 

of the HATN complexes; the patterns of the shifts in the carbonyl bands upon excitation reveal that the 

MLCT state is localized on one rhenium center on the IR time scale. 

More recently we have investigated HATN ligands with stronger donor groups (triarylamines TAA); these 

show intense ILCT transitions, the intensity of which are a function of the number and electronic linkages 

between the donor (TAA) and HATN core.  These materials show strong solvatochromic properties. 
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Title: Addressing Ln3+ ions using time-resolved luminescence 

techniques 

Session: Session one 06/07/2017 

Presentation time: 10:00 - 10:20  

Author/speaker: Graham Hungerford 

Institute: HORIBA Scientific 

Summary: 
 

 

The luminescence emission of lanthanide (Ln3+) ions spans wavelengths from the ultraviolet to the near 

infrared. They exhibit good photostability and their decay timescale (μs to ms) enables applications such 

as; optoelectronics, biocompatible materials, biological labels and bioimaging. The emission principally 

emanates from transitions in the 4f shell and their energy level characteristics are such that they can exhibit 

upconversion behaviour. 

The polyoxometalate (POM) motif is an interesting one for containing of Ln3+ ions. Here using LRET 

(luminescence resonance energy transfer) the interaction of a terbium containing POM with FITC tagged 

serum albumin is elucidated by the sensitisation of the fluorescent tag. By the determination of decay 

associated spectra the emission of sensitised FITC and unquenched Tb3+ can be resolved and a transfer 

efficiency of >90% found. The fact that the energy levels of Ln3+ are suited to exhibit an upconversion 

process, where two (or more) sequential spatially coincident photons are absorbed, holds promise for 

biomedical applications as well as in optical communications. This approach was evaluated for erbium ions 

in a glass host and excitation at 980 nm with a semiconductor laser produced visible emission with an 

average decay time of ~60 microseconds. The influence of the local environment was observed by 

alteration of the host stoichiometry and differences in both steady state and lifetime were noted. 

Reference 

A.S. Holmes-Smith et al, 2016. Chem. Phys. Chem., 17, 418. 
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Title: Luminescent Coumarin-Appended Complexes: Remarkable 

Solvatochromic and Triplet Excimeric Emission 

Session: Session one 06/07/2017 

Presentation time: 10:20 - 10:40  

Author/speaker: Paul Scattergood 

Institute: University of Huddersfield 

Summary: 
 

 

A range of photoluminescent transition metal complexes featuring a 3-(4-(pyridin-2-yl)-1,2,3-

triazolyl)coumarin (L1) ligand have been prepared, with emission spectra revealing not only a remarkable 

sensitivity to the environment, with both solvent and oxygen drastically altering the colour of emission, but 

also the occurrence of moderately intense luminescence from a triplet excimer state. The complex 

[Ir(ppy)2(L1)]+ (1, ppyH = 2-phenylpyridine) exhibits typical 3MLCT/3ILCT phosphorescence in degassed 

acetonitrile solutions, with an additional band in the red/orange region deriving from 3excimer emission. 

By contrast, in dichloromethane the excimer emission is dominant, leading to a stark change in colour from 

green to orange (figure 1). Further, the photoluminescence in acetonitrile is also dependent upon the 

presence of oxygen, with the emissive 3MLCT/3ILCT state being significantly quenched leaving the 

3excimer band as the dominant feature. This behaviour leads to a similar ‘aeratochromic’ change in 

emission colour from green to red. On the other hand [Ir(dfppy)2(L1)]+ (2, dfppyH = 2-(2,4-

difluorophenyl)pyridine) shows no excimer-based luminescence but rather dual emission from 
3MLCT/3ILCT and 3LC(coumarin) states, the relative intensities of which are highly solvent dependent. In 

solvent glasses at 77 K, emission from both 1 and 2 is dominated by the 3LC(coumarin) state, as is that of 

the complex [Re(L1)(CO)3(pyridine)]+ (3). To further probe the photophysical properties of L1, the 

complex [Ru(bpy)2(L1)]2+ (4) has also been prepared. Curiously, whilst the 3MLCT state is much lower in 

energy than 3LC(coumarin), both 3MLCT and 3excimer-type emission is observed for 4, although the latter 

appears to involve pre-formed ground state aggregates in this case. The presentation will further discuss 

the photophysical properties imparted by the coumarin-containing ligand L1 and the interplay of a variety 

of emissive excited states. The use of 1 and 2 within thin film electroluminescent devices will also be 

described. 
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Title: Asymmetric Transition Metal Catalysis Activated by Visible 

Light 

Session: Session two 06/07/2017 

Presentation time: 11:00 - 11:30  

Author/speaker: Eric Meggers 

Institute: Philipps-University Marburg 

Summary: 
 

 

Visible-light-activated photoredox chemistry permits the generation of reactive radical ions and free 

radicals under surprisingly mild conditions. However, the often very high reactivities and concomitant 

short lifetimes of these odd electron intermediates pose a significant challenge for interfacing them with 

asymmetric catalysis. Here, our progress towards intertwining visible-light-activated photoredox catalysis 

with asymmetric catalysis in a cooperative fashion is reported, namely by using chiral-at-metal iridium(III) 

and rhodium(III) complexes which serve as asymmetric catalysts and often simultaneously as photoredox 

catalysts.1 

Specifically, bis-cyclometalated chiral-at-iridium Lewis acids were applied to visible-light-activated redox-

neutral α-alkylations,2,3 photoinduced oxidative α-aminoalkylations,4 and a photoinduced stereocontrolled 

radical-radical coupling.5 The iridium complex serves as chiral Lewis acid catalyst and at the same time as 

the precursor of in situ assembled photoactive species. Related bis-cyclometalated chiral-at-rhodium Lewis 

acids are also very useful for asymmetric photoredox catalysis.6-10 Less efficient photochemical 

properties are compensated with a more rapid ligand exchange kinetics which permits higher turnover 

frequencies of the catalytic cycle as demonstrated for a visible-light-activated enantioselective radical α-

amination.7 If a more efficient photoactivation is required, a rhodium-based Lewis acid can be 

complemented with a photoredox co-catalyst and this has been utilized for catalytic asymmetric alkyl 

radical additions to acceptor-substituted alkenes.8-10 

This class of chiral-only-at-metal complexes might be of significant value in the field of asymmetric 

catalysis, in particular in combination with visible-light-activated transformation, which has already 

resulted in novel strategies for asymmetric synthesis of chiral molecules. 

Finally, the presentation will discuss new results on other design strategies to activate catalytic asymmetric 

reactions with visible light. 

 

1.    L. Zhang, E. Meggers, Acc. Chem. Res. 2017, DOI: 10.1021/acs.accounts.6b00586. 

2.    H. Huo, X. Shen, C. Wang, L. Zhang, P. Röse, L.-A. Chen, K. Harms, M. Marsch, G. Hilt, E. 

Meggers, Nature 2014, 515, 100. 

3.    H. Huo, C. Wang, K. Harms, E. Meggers, J. Am. Chem. Soc. 2015, 137, 9551. 

4.    C. Wang, Y. Zheng, H. Huo, P. Röse, L. Zhang, K. Harms, G. Hilt, E. Meggers, Chem. Eur. J. 2015, 

21, 7355. 

5.    C. Wang, J. Qin, X. Shen, R. Riedel, K. Harms, E. Meggers, Angew. Chem. Int. Ed. 2016, 55, 685 

6.    Y. Tan, W. Yuan, L. Gong, E. Meggers, Angew. Chem. Int. Ed. 2015, 54, 13045. 

7.    X. Shen, K. Harms, M. Marsch, E. Meggers, Chem. Eur. J. 2016, 22, 9102. 

8.    H. Huo, K. Harms, E. Meggers, J. Am. Chem. Soc. 2016, 138, 6936. 

9.    X. Huang, R. D. Webster, K. Harms, E. Meggers, J. Am. Chem. Soc. 2016, 138, 12636. 

10.   C. Wang, K. Harms, E. Meggers, Angew. Chem. Int. Ed. 2016, 55, 13495. 
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Title: A Transient Insight into Organic Photo-Catalysis 

Session: Session two 06/07/2017 

Presentation time: 11:30 - 11:50  

Author/speaker: Evan Moore 

Institute: University of Queensland 

Co-authors: Gina Quach 

Jonathon Beves 

Summary: 
 

 

Photocatalysis can provide reliable pathways towards otherwise difficult organic reactions, especially when 

visible-light absorbing transition metal complexes such as [Ru(bpy)3]
2+ (bpy = 2,2’-bipyridine) are used to 

facilitate tight control over redox reactivity. This class of complexes have appealing properties including 

tuneable redox behaviour, tuneable absorbance, high photostability and long-lived excited states, which can 

act as both electron donors or acceptors, making them highly versatile catalysts.[1] 

While the initial steps to produce long-lived redox-active 3MLCT excited states are not controversial, many 

critical mechanistic aspects of visible light-activated transition metal photoredox reactions remain poorly 

understood. To this end, since time resolved Transient Absorption (TA) spectroscopy can be used to directly 

monitor the different oxidation states of ruthenium polypyridyl complexes via their characteristically 

different TA spectra, this technique represents a powerful method for studying photocatalysis reaction. 

Inspired by recently reported results [2], we have undertaken a detailed study of several intermolecular ‘2+2’ 

cycloaddition reactions between different styrenes using a variety of Ru(II) based photocatalysts. In addition 

to the expected TA signals from the reductively quenched photocatalyst, we were also able to distinguish the 

characteristic rise and decay of TA signals from the oxidized substrate and photoproducts. As such, 

subsequent kinetic analysis of these signals under various conditions has allowed a detailed insight into the 

reaction mechanism. 

Acknowledgements 

Financial support by the Australian Research Council (ARC-DP160100870) is gratefully acknowledged. 

References 

[1] D. A. Nicewicz, D. W. C. MacMillan, Science 2008, 322, 77. 

[2] M. A. Ischay, M. S. Ament and T. P. Yoon, Chem. Sci., 2012, 3, 2807. 
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Title: Dye sensitized photocathodes for solar energy applications 

Session: Session two 06/07/2017 

Presentation time: 11:50 - 12:10  

Author/speaker: Elizabeth Gibson 

Institute: Newcastle University 

Co-authors: Gareth Summers 

Fiona Black 

Nathan Potts 

Nils Poldme 

Summary: 
 

 

One way of improving the efficiency of dye-sensitized solar cells is to use two photoelectrodes in a tandem 

device, one harvesting the high energy photons, and the other harvesting the low energy photons.1 This 

enables the photovoltage to be increased, whilst maximizing light harvesting across the solar spectrum. 

Despite their promise, a tandem cell with a higher efficiency than the state-of-the-art “Grätzel” cell has not 

yet been achieved. This is because the performances of photocathodes are significantly lower than TiO2-

based anodes. The small potential difference between the valence band of the NiO, p-type semiconductor, 

and the redox potential of the electrolyte and the faster charge-recombination reactions compared to the 

TiO2 system limits the efficiency. Our success in increasing the efficiency by developing new bodipy and 

porphyrin based dye molecules will be presented.3,4 In parallel we are investigating the charge-transfer 

processes to determine the mechanism and limitations to efficiency.4-7  Recent work to expand the 

applications to photoelectrochemical water splitting for energy storage will also be presented. 

[1]  J. He et al. J. Phys. Chem. B, 1999, 103, 8940–8943. [3] C. J. Wood, et al. Chem. Commun. 2015, 51, 

3915 – 3918. [4] G. H. Summers et al. Phys. Chem. Chem. Phys., 2016, 18, 1059 – 1070. [5] J.-

F.Lefebvre, et al. 2014, 50, 5258 – 5260.  [6] G. H. Summers et al.ChemPhysChem, 2017,  DOI: 

10.1002/cphc.201600846, [7] C. J. Wood, et al., ChemElectroChem 2016 

http://dx.doi.org/10.1002/celc.201600387 
 

  



Page | 11  

 

  

Title: Photo-energy Storage Devices Based on Scalable Redox-active 

Network Films via Layer-by-Layer Hetero-Assembly of Ruthenium 

Complexes  

Session: Session two 06/07/2017 

Presentation time: 12:10 - 12:30  

Author/speaker: Masa-aki Haga 

Institute: Chuo University 

Co-authors: Daisuke Motoyama 

Kai Yoshikawa 

Hiroaki Ozawa 

Summary: 
 

 

Recently, we fabricated the photo-responsive molecular memory films via layer-by-layer hetero assembly 

of two different ruthenium complexes on an ITO electrode by use of coordination bond between 

phosphonate groups in the ruthenium complex and zirconium(IV) ion, in which charge trapping occurred 

in the hetero-layer structure.1,2 By using two Ru complexes, Ru-NH and Ru-CH, showing proton-coupled 

electron transfer (PCET) reactions with different redox potentials and pKa values, a PCET-type rocking 

chair redox capacitor in water was constructed. This principle was extended to a photo-energy storage 

device composed of two heterolayer films, ITO//(Ru-NL)3/(Ru-NH)3 and ITO//(Ru-NH)3/(Ru-CH)3 in 

neutral aqueous solution.  Using PCET reaction between two modified electrodes, the modified electrode 

of ITO//(Ru-NL)3/(Ru-NH)3 acts as a charge supply layers by photo-irradiation, and ITO//(Ru-NH)3/(Ru-

CH)3 as a charge storage layers. Similar to the dye-sensitized photoelectrochemical cell, the photocurrent 

response was observed for the two electrodes system in 0.1 M NaClO4 aqueous solution. Under the photo-

irradiation at 515 nm, anodic photocurrent was observed.  When the light irradiation was switched off, the 

cathodic current flowed. Even after turning off the light for 10 min, the cathodic current flowed.   

References 

1. V. Kakiginedi, et al., Nanoscale, 2015, 7, 17685 - 17692. 

2.  T. Nagashima, et al, Chem. Eur. J., 2016, 22, 1658-1667.  
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Title: Pt(II) metal complexes with azolate fragment; fundamental and 

applications 

Session: Session three 06/07/2017 

Presentation time: 14:00 - 14:30  

Author/speaker: Yun Chi 

Institute: Department of Chemistry, National Tsing Hua University 

Summary: 
 

 

This presentation is focused on the current advances of Pt(II) metal complexes bearing pyrazolate-

containing chelates. We first elaborated the properties of parent Pt(II) complex [Pt(fppz)2], where fppzH 

represents 3-pyridyl-5-trifluoromethyl-1H-pyrazole. Emphases are next switched to the functional 

derivatives, with emission spanning spectral region from blue, green and to red, and with unique 

photophysical characteristics such as mechanoluminescence and triboluminescence. Notably, one Pt(II) 

complex exhibits efficient near infrared (NIR) emission with peak maximum at 740 nm and quantum yield 

-state. The corresponding NIR-emitting OLED exhibited an external quantum 

efficiency (EQE) of 24 %, and EQE up to 55 % after installing a light out-coupling hemi-sphere structure. 
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Title: Controlling the Deep-Red Emission in Dinuclear Platinum(II) 

Complexes  

Session: Session three 06/07/2017 

Presentation time: 14:30 - 14:50  

Author/speaker: Véronique Guerchais 

Institute: Institut des Sciences Chimiques de Rennes-UMR CNRS 6226 

Summary: 
 

 

Cyclometallated Pt(II) complexes have received much attention in recent years due to their strong 

luminescence properties, driven especially by their potential applications in opto-electronic devices. 

Importantly, their square planar geometry facilitates interfacial interactions either in the ground state (e.g. 

aggregation) or in the excited state (e.g. excimer formation). Numerous examples of aggregation and excimer 

formation have been reported for mononuclear Pt(II) complexes with tridentate cyclometallating ligands, 

taking advantage of their propensity to develop π-π and Pt…Pt interactions.  

By linking together two cyclometallated complexes, in order to promote face-to-face intramolecular 

interactions, intense luminescence in the red region of the spectrum could be achieved. We have used this 

approach to investigate new routes to deep-red triplet emitters in solution. We will report on the synthesis 

and spectroscopic properties of new dinuclear Pt(II) complexes Pt-1-3 with N^N^C- and N^C^N-

coordinating ligands where the two Pt units are linked by various -rigid or flexible- bridges.1 

We will show how the emission properties are affected by the nature of the linker group and temperature, 

solvent, and metal-ion-binding.  

[1].     J. Boixel, Y. Zhu, H. Le Bozec, M. A.Benmensour, A. Boucekkine, K. M. C. Wong, A. Colombo, D. 

Roberto, V. Guerchais, D. Jacquemin, Chem. Commun., 2016, 52, 9833-9836. 
 

 

 

Molecular structures of the studied dinuclar cyclometallated platinum complexes 
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Title: The twists and turns of iridium(III)bis(2-phenylpyridine)-based 

complexes 

Session: Session three 06/07/2017 

Presentation time: 14:50 - 15:10  

Author/speaker: Ross Davidson 

Institute: Durham University 

Summary: 
 

 

Complexes containing an iridium(III)bis(2-phenylpyridine) motif form some of the most popular and 

versatile small-molecule emitters, owing to their high phosphorescent quantum yields and ease of 

synthesis. Phosphorescent emission from these complexes is enhanced by strong spin–orbit coupling of the 

iridium and the mixed MLCT/LC nature of the emission process. Significantly, this allows for the 

harvesting of both singlet and triplet excitons within an organic light-emitting diode (OLED), theoretically 

allowing 100% internal quantum efficiency. Oligo(phenylene ethynylene)s, due to their linear structure, 

accessible triplet state and high fluorescent quantum yields, are another class of extensively studied 

molecules. In our present research, we combined these two molecular species in an assortment of 

architectures via substitution of the phenylpyridine, and a collection of ancillary ligands with 

Oligo(phenylene ethynylene) groups, to produce a range of complexes with properties such as linear 

alignment, long emission lifetimes (>0.1 ms), emission colour tuning ranges of up to 77 nm and thermally 

activated molecular rotors, further expanding the potential applications of these systems. 
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Title: Considerable enhancement of the emission yield of oligomers of 

[Au(CN)2-] in water and their ultrafast excited-state dynamics 

Session: Session three 06/07/2017 

Presentation time: 15:10 - 15:30  

Author/speaker: Munetaka Iwamura 

Institute: University of Toyama 

Co-authors: Koichi Nozaki 

Satoshi Takeuchi 

Tahei Tahara 

Summary: 
 

 

[Au(CN)2
-] forms oligomers in aqueous solution by aurophilic interaction in the ground state, and photo-

excitation of the oligomers generates covalent bonds between the gold atoms.1-3  In this work, we 

investigate excited-state properties  tetramer or larger oligomers ([Au(CN)2
-]n, n -

state [Au(CN)2
-]n are preferably formed by addition of tetra-ethyl ammonium salt which reduces the 

Coulombic repulsion among [Au(CN)2
-] in oligomers.4  Addition of the salt induced spectral red shifts both 

salt). Considerable enhancement of the emission yields due to the elongation of the emission lifetime was 

recognized.  Dissociation controlled mechanism of the oligomers were suggested for relaxation to the 

ground state of them based on the results of additional salt, solvent and temperature dependence of the 

emission lifetimes.  Our femtosecond TA measurement showed that a strong transient band at around 600-

700 nm rises with a time constant of ~20 ps. The time-profiles exhibited substantial oscillations with 

frequencies of 40~90 cm-1, which are assignable to wave-packet motions of the Au-Au stretching 

vibrations in the oligomers. 

References 
1            M. A. Rawashdeh-Omary, M. A. Omary, H. H. Patterson, J. John P. Fackler, J. Am. Chem. Soc. 2001, 123, 11237-11247. 

2            M. Iwamura, K. Nozaki, S. Takeuchi, T. Tahara, J. Am. Chem. Soc. 2013, 135, 538-541. 

3            M. Iwamura, R. Wakabayashi, J. Maeba, K. Nozaki, S. Takeuchi, T. Tahara, Phys. Chem. Chem. Phys. 2016, 18, 5103-5107 

4            R. Wakabayashi, J. Maeba, K. Nozaki, M. Iwamura, Inorg. Chem. 2016, 55, 7739-7746 1 
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Title: Multimetallic absorbers and emitters 

Session: Session three 06/07/2017 

Presentation time: 15:30 - 15:50  

Author/speaker: Valery Kozhevnikov 

Institute: Northumbria University 

Summary: 
 

 

 

We have prepared a series of complexes in which two or more cyclometallated Pt(II) and Ir(III) metal 

centres are linked by coordination to bridging heterocycle (Fig.1). Our examples reported to date show 

bright phosphorescence in the orange-red region, with high luminescence quantum yields in solution 

reaching 90-100%. The introduction of the additional metal centre leads to significant red-shifts compared 

to monometallic analogues, which, importantly, do not come at the expense of efficiency.  This impressive 

peformance has been found to arise from substantial increases in radiative decay rate leading both to high 

quantum efficiencies and shortened emission lifetimes, both of which are desirable for good OLED 

performance.  Moreover, due to the rigidity imparted by the coordination of additional metal ions, non-

radiative decay is minimised, and the complexes show narrow emission profiles and hence improved 

emission colour purity, again a desirable property for application in OLEDs.  
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While the demonstration of the first OLED emitting thermally activated delayed fluorescence (TADF) in 

Advanced Materials1-3 in 2009 by our group gave a glimpse of TADF's potential, our successive report in 

Nature4-6 in 2012 of a TADF-based OLED with an internal quantum efficiency of nearly 100% grabbed the 

attention of researchers world-wide and established TADF as a truly promising technology. At first, we 

will mention the recent progress on TADF OLEDs from the aspect of realization of efficient upconversion 

from triplet into singlet states. Second, we will mention our recent effort on long persistent luminescence 

by controlling nonradiative decay processes. In this study, we demonstrate that the nonradiative decay of a 

guest emitter can be remarkably reduced by encapsulation within a metal-organic framework (MOF).7 

Coronene infiltrated in ZIF-8 (coronene@ZIF-8) exhibits long-lived phosphorescence (up to 20 s) even at 

temperatures as high as 460 K because of the high crystallinity and thermal stability of ZIF-8. Moreover, 

the small pore windows of ZIF-8 securely hold coronene, eliminating the possibility of thermal diffusion or 

leaching. We believe that long persistent luminescence will open novel possibility of organic luminescence 

materials. 

 

References:  
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Luminescent Cu(I) complexes have attracted considerable attention recently because of their unique 

properties such as strong emission, high photosensitizing ability, and facile environmentally friendly 

mechanochemical synthesis. Such properties make them promising and alternative materials to 

luminescent noble metal complexes. In order to construct highly luminescent Cu(I) complexes, robust 

structures have been developed by clustering and/or by using bulky multidentate ligands. Because, Cu(I) 

complexes are labile and the tetrahedral coordination structures tend to deform (flatten) in the MLCT 

excited state, which would give rise to the non-radiative deactivation of the excited state. In this context, 

we found that a pyrazine-bridged dinuclear Cu(I) complex, [{Cu(PPh3)2(H2O)}(µ-MeOpyz) 

{Cu(PPh3)2(CH3CN)}](BF4)2 (PPh3 = triphenylphosphine, MeOpyz = 2-methoxypyrazine, H2O-Cu2-AN), 

exhibited very bright yellow-green luminescence with a high emission quantum yield (0.70) at room 

temperature in the solid state, in spite of the coordination of water molecule.[1] It is interesting because 

coordinated water molecules tend to deactivate the emissive state through O-H vibration. The intense 

emission at room temperature was attributed to the thermally activated delayed fluorescence (TADF), and 

the temperature dependence of emission lifetimes indicated the existence of unique multiple emission 

states for the asymmetric dinuclear complex. In contrast, an analogous complex [{Cu(PPh3)2(H2O)}(µ-

MeOpyz){Cu(PPh3)2(H2O)}](BF4)2 (H2O-Cu2-H2O), in which a water molecule was substituted in place 

of acetonitrile for H2O-Cu2-AN, exhibited a very low quantum yield (0.05). In this presentation, various 

factors in the control of the luminescence for Cu(I) complexes will be discussed as well as other examples.  

[1] Kobayashi et al., Inorg. Chem. 2017, in press, DOI: 10.1021/acs.inorgchem.6b02578.  
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Organic semiconductors are important optoelectronic materials that can be used to make light emitting 

devices such as light-emitting diodes and lasers.  They combine novel optoelectronic properties with 

simple fabrication and the scope to tune properties.  They are now widely used for very attractive displays 

and are developing towards lighting applications as well.  In an organic light-emitting diode (OLED) 

opposite charges are injected and recombine to form singlet and triplet excited states.  Metal complexes 

can be used to generate light emission from both the singlets and triplets, giving much more efficient 

devices than fluorescent materials, and devices containing these complexes are still referred to as 

OLEDs.   This talk will describe the development of light-emitting dendrimers as highly efficient solution-

processed materials for OLEDs, the photophysics of OLED materials and their applications. 
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Triplet excited states (excitons) play an important role in the application of organic materials.  For 

example, in organic light emitting diodes, harvesting of triplet excitons affords a substantial enhancement 

in external quantum efficiency and luminous efficiency.  In organic solar cells, recombination to produce 

triplet states can reduce the efficiency of photocurrent generation.  Our research program has explored the 

properties of triplet excitons in Π-conjugated polymers and model oligomer systems.  This work has taken 

advantage of the effect of spin-orbit coupling enhancement by heavy metal centers that are strongly 

coupled to the Π-conjugated electronic system.  In particular, platinum(II) acetylides and orthometalled 

platinum(II) complexes give rise to enhanced intersystem crossing efficiency and in some cases room 

temperature phosphorescence.  This allows facile investigation of the energetics and dynamics of triplet 

exciton states.  Topics of interest include triplet excited state structure and delocalization in conjugated 

molecules, the effect of electronic structure on intersystem crossing efficiency, triplet exciton diffusion 

length, triplet states in organic solar cells and in near-infrared light emitting diodes. 
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Complexes of type [Ir(X^Y)(C^N)2]
n+ (1; X^Y is a bidentate ligand, C^N is a cyclometallated ligand, n= 

0,1)) show interesting luminescent properties.[1] We have shown that complexes of this type 

with salicylimines 2 show aggregation induced emission in the solid state. DFT calculations have been 

used to show that the low emission in solution is due to tilting of ligand 2 in the triplet excited state.[2] We 

have now extended this study to isomeric ligands 3 derived from condensation of 2-aminophenol and 

aldehydes. In this case these complex to form a 5-membered rather than a 6-membered ring with an exo 

rather than an endo imine. Surprisingly, these complexes are not luminescent in solution or the solid state. 

However, whilst the free ligands 3 only show evidence for the trans isomer the complexed ligand 

undergoes a photoisomerisation to give the cis isomer. We will show that this photoisomerisation is not 

limited to complexes 1 but is more general. DFT calculations are used to probe the mechanism of 

photoisomerisation. 

 

[1] For example, (a) S. Lamansky, P. Djurovich, D. Murphy, F. Abdel-Razzaq, H. E. Lee, C. Adachi, P. E. 

Burrows, S. R. Forrest and M. E. Thompson, J. Am. Chem. Soc., 2001, 123, 4304-4312. (b) S. Lamansky, 

P. Djurovich, D. Murphy, F. Abdel-Razzaq, R. Kwong, I. Tsyba, M. Bortz, B. Mui, R. Bau and M. E. 

Thompson, Inorg. Chem., 2001, 40, 1704-1711. 

[2] A. J. Howarth, R. Patia, D. L. Davies, F. Lelj, M. O. Wolf and K. Singh, Eur. J. Inorg. Chem., 2014, 

3657-3664. 
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Because of renewed interest in photocatalytic H2 production from Cp*Ir(bpy)(H)+, trends in photophysical 

properties of a series of comparative complexes were examined in order to understand the photocatalyst 

and explore the prospects for achieving longer-lived excited states with Cp*Ir(III) complexes.   All of the 

complexes, [Cp*Ir(bpy)(L)]n+ (n = 1 or 2) and [Cp*Ir(C^N)(L)]n+ (n = 0 or 1), (L = arylisocyanide, N-

heterocyclic carbene, or methyl; C^N = 2-p-tolylpyridine or 1-phenylisoquinoline), display thermally 

activated non-radiative decay at 295 K, but the 1-phenylisoquinoline complexes are still bright emitters in 

polymer hosts. Just by varying the monodentate L, the emission can be varied over an extraordinary range 

from highly LC to highly MLCT in character.  Most notably, for L = methyl, the emission exhibits far 

greater MLCT character than for fac-Ir(C^N)3 complexes comprising the same C^N-chromophoric ligand. 

The hydrido ligand is found to provide the same strong sigma-donor ability as methyl in the bpy 

complexes, again resulting in high MLCT character. 
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Ru(II)-dppz complexes are molecular light-switches for DNA [1] but there are limited examples of their 

application in live cells. Targeting cellular DNA is difficult but our proven strategy of using signal peptides 

facilitates efficient uptake and specific sub-cellular localisation of Ru-dppz probes to the nucleus (Ru-

NLS) and mitochondria (Ru-MPP) for imaging [2]. The conjugates are based on [Ru(bpy)2(dppz)]2+ and 

exhibit the characteristic light-switch effect upon binding calf thymus DNA with Kb values an order of 

magnitude higher than the model compound. Absorbance hypochromicity, induced circular dichroism, 

resonance Raman and lifetime measurements suggest dppz intercalation is operative but binding is 

complex due to peptide-DNA interactions. Fluorescence lifetime imaging and Raman mapping reported on 

DNA structure in live cells and viability studies favourably revealed the probes are relatively non-cytotoxic 

under standard imaging conditions but can mediate photo-induced apoptosis under higher intensity 

irradiation. Furthermore, both Ru-MPP and Ru-NLS expand on previous work [3] to demonstrate their 

value for stimulated emission depletion (STED) microscopy and achieve high-resolution imaging of 

cellular nucleic acid structure.  

1. Friedman et al., J. Am. Chem. Soc., 1990, 112, 4960–4962. 

2. (a) Blackmore et al., Chem. Commun. 2013, 49 (26), 2658. (b) Martin et al., J. Am. Chem. Soc., 

2014, 136 (43), 15300.  

3. (a) Burke and Keyes, RSC Adv., 2016, 6, 40869–40877. (b) Byrne et al., Chem. Sci., 2016, 7, 6551–

6562. 
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Luminescent rhenium tricarbonyl complexes have been the centre of many investigations due to their 

favourable photophysical properties. These complexes have in fact been investigated in many areas 

including optical materials, photocatalysis, sensing and cellular staining.1-3 The classical formulation of 

these complexes typically includes the coordination of a conjugated diimine system, such as 1,10-

phenanthroline. On the other hand, the replacement of the diimine for a bidentate N-heterocyclic carbene 

(NHC) ligand has not been investigated with the same level of detail. In the past few years, our aim has 

been focused on elucidanting the photophysical properties of Re NHC complexes.4,5 This presentation will 

illustrate some of our most important finding, which include unique photochemical ligand substitution 

reaction as well the elucidation of the origin of the anticancer properties of rhenium tricarbonyl systems.6  

 

1   R. A. Kirgan, B. P. Sullivan and D. P. Rillema, Top. Curr. Chem., 2007, 281, 45–100. 

2   M. P. Coogan and V. Fernández-Moreira, Chem. Commun., 2013, 50, 384–399. 

3   K. K.-W. Lo, A. W.-T. Choi and W. H.-T. Law, Dalton Trans., 2012, 41, 6021–6047. 

4   L. A. Casson, S. Muzzioli, P. Raiteri, B. W. Skelton, S. Stagni, M. Massi and D. H. Brown, Dalton 

Trans., 2011, 40, 11960–11967. 

5   J. G. Vaughan, B. L. Reid, P. J. Wright, S. Ramchandani, B. W. Skelton, P. Raiteri, S. Muzzioli, D. H. 

Brown, S. Stagni and M. Massi, Inorg. Chem., 2014, 53, 3629–3641. 

6   T. Mukuta, P. V. Simpson, J. G. Vaughan, B. W. Skelton, S. Stagni, M. Massi, K. Koike, O. Ishitani, K. 

Onda, Inorg. Chem., 2017, in press, DOI: 10.1021/acs.inorgchem.6b02936  
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The excited state photophysics of polypyridine d6 transition metal complexes are frequently dominated by 

metal-to-ligand charge transfer (MLCT) transitions, resulting in excited states from which further electron 

transfer is possible and from where phosphorescence originates. These states can, however, be depopulated 

by metal-centred (3MC) states, resulting in photochemical reactivity such as ligand-loss or isomerisation. 

Whilst on the one hand this behaviour may be deleterious for the use of the metal complexes within light-

emitting devices, it is highly desirable when considering the development of new light-activated DNA 

binding agents for anti-cancer applications for example. As the energy of both 3MLCT and 3MC states can 

be modulated by careful choice of the metal centre and ligand design, d6 transition metal complexes can be 

tailored to exhibit photoluminescence or undergo photochemical reactivity. 

Ligand systems based on 1,2,3-triazoles as an alternative to pyridine donors are of interest due to their ease 

of synthesis through ‘click’ chemistry and their readily tuneable photophysical properties. We have 

previously reported the use of bi-triazole (btz) ligands within complexes of Ru(II), demonstrating that the 

inclusion of triazole fragments reduces the 3MLCT-3MC energy gap resulting in efficient non-sterically 

promoted ligand ejection. 

Here we turn our attention to complexes of Os(II) featuring 1,2,3-trizole-based ligands and show that, unlike 

their Ru(II) counterparts, these complexes are predominantly photostable, display deep-red emission and are 

amenable to use within light-emitting electrochemical cells. We also present the extraordinarily facile ligand-

loss photochemical reactivity of Os(btz)3
2+; behaviour which is in distinct contrast to the long-held notion 

that photochemistry in Os(II) complexes is extremely inefficient or non-existent. 
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Photoactivatable PtIV antitumour agents are widely studied as prodrug candidates and have a relevant role in 

preclinical practice. They undergo photoreduction into cytotoxic PtII species (e.g. cisplatin) when irradiated 

with UV light, potentially reducing side-effects of systemic chemotherapies.1 

Nevertheless, two intimately related photochemical features for this class of compounds need to be improved 

for advancing their use towards application. On the one hand, tissue penetration needs to be enhanced by 

red-shifting excitation wavelengths, while on the other, photochemical efficiency has to be optimized to 

reduce irradiation time. 

Herein, we report a new approach based on bioorthogonal photocatalysis to overcome such photophysical 

limitations in PtIV anticancer complexes. We have recently discovered that co-administration of the 

exogenous biological photosensitizer riboflavin (Rf) with PtIV prodrugs under 460-nm light irradiation 

achieves efficient photocatalytic conversion of PtIV into cytotoxic PtII species in biological environments. 

Results shows that the biorthogonal couple Rf/PtIV induces anticancer activity comparable to cisplatin with 

a light dose as low as 0.36 J·cm-2, 15-35 times lower than those typically used for UVA and blue light 

activation.2,3 Importantly, this biorthogonal photoreaction does not decrease its efficiency when performed 

in cell culture media. 

Photocatalytic and bioorthogonal turnover of PtIV into PtII species is an attractive strategy to amplify the 

antineoplastic action of metal-based chemotherapeutics with spatio-temporal control. 

This work was supported by MINECO (projects CTQ2016-80844-R and BES-2013-065642) 
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The ability to correlate super-resolution light microscopy techniques with electron microscopy, in order to 

remove the ‘resolution gap’, is the next big step in bio-imaging. A significant fundamental challenge in this 

area is that most small-molecule emissive probes lack the ability to scatter electrons, thus being invisible in 

electron microscopy. Here we demonstrate the first use of a luminescent, low-molecular-weight, 

mononuclear transition metal complexes as probes for super-resolution 3D structured illumination 

microscopy (3D SIM), that also provides excellent contrast in transmission electron microscopy (TEM) 

without additional enhancement agents. These examples of luminescent transition metal complexes used in 

both super resolution microscopy (~100 nm) and TEM (~ 1 nm) opens up the possibility of other metal 

complexes being developed as dual probes, and in future correlative light-electron microscopy applications. 
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Recently, it has emerged a great interest on metal complexes that are weakly or non-phosphorescent in 

deaerated fluid solution and whose room temperature phosphorescence is switched on either by rigidification 

of the matrix (e.g. crystallization) or by aggregation and electronic interactions of the molecules among 

themselves.[1]  

In the present paper, we will discuss a quite peculiar mechanism: phosphorescence of an organic 

hexathiobenzene molecule appended with six terpyridine ligands is switched on by metal complexation. The 

hexathiobenzene chromophore is not phosphorescent in fluid solution and becomes highly phosphorescent 

upon crystallization or rigidification of the matrix.[2] Analogously, the terpyridine appended persulfurated 

chromophore is non-emissive in solution, but displays a green phosphorescence emission in the solid state 

due to the restriction of intermolecular motion in the solid state.[3] Upon addition of Mg2+ to an air-

equilibrated THF solution of the hexaterpyridine ligand, a supramolecular polymer is formed, in which a 

polymeric structure is formed in which a Mg2+ ion is coordinated by two terpyridine units of two different 

molecules. The reduced mobility of the organic moiety in the polymeric structure is reflected by the 

appearance of a bright phosphorescence (Φ = 0.10, τ = 5.3 µs) with band shape very similar to that of the 

ligand in the solid state.  The light-harvesting polymeric antenna can be disassembled upon fluoride ions 

addition, thereby switching off luminescence and offering a new tool for fluoride ion sensing. 

[1] Coord. Chem. Rev. 2017, DOI: 10.1016/j.ccr.2017.01.006. 

[2] J. Mater. Chem. C 2013, 1, 2717–2724. 

[3] J. Am. Chem. Soc. 2014,  136, 6395-6400. 
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    Transient absorption (TA) measurements are necessary in various research fields of photochemistry for 

the direct observation of elementary photophysical processes as well as photochemical reactions in the 

photoexcited state that could potentially dominate the subsequent slower thermal processes in the time 

range usually from μs to ms. On the other hand, since the emission of luminescent compounds usually lasts 

from sub-ns to μs, the strong luminescence frequently interferes directly with the observation of the initial-

stage TA of great interest in the conventional ns laser-flash photolysis measurements. 

    Recently, we have developed a unique TA measurement technique, i.e., Randomly-Interleaved-Pulse-

Train (RIPT) method and the TA spectra with no luminescence contamination have successfully been 

obtained in a single consecutive measurement for the time range from sub-ns to ms. Especially, the RIPT 

method can cover the "Gap" time region from ns to tens of ns that is assumed to be challenging for the 

conventional methods. The RIPT method uses the ps-laser pulse train for probing with repetition frequency 

much higher than that of the pump laser pulse that is asynchronous to the probing pulses.  

    The RIPT method has been applied for various photoactive coordination compounds in solution and the 

solid state to elucidate the fast and slow photodynamics in response to their circumstances. 

Acknowledgements: This work was financially supported by SENTAN, JST as well as Grants-in-

Aid 16K05721 from MEXT. We thank Dr. Tatsuo Nakagawa (Unisoku Co., Ltd.), Prof. Ryuzi Katoh 

(Nihon Univ.), Prof. Ken-ichi Nakayama (Osaka Univ.), and Prof. Shunichi Fukuzumi (Meijo Univ.) for 

their perpetual and appropriate efforts to the SENTAN project, JST. 
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Triplet excited states in fluid solutions at ambient temperature is usually quenched by molecular oxygen 

via energy transfer and singlet oxygen is concomitantly sensitized. We report herein that the long-lived 

phosphorescence of a variety of organometallic complexes, including Au(I) arylethynyl, Pt(II) arylethynyl, 

cyclometalated Au(III) and Pt(II) porphyrin with tunable emission energies in aerated dimethyl sulfoxide 

(DMSO)[1] and five other solvents[2] can be completely and repeatedly switched-on by controlled photo-

irradiation. We proposed that a trace amount of solvent oxidation by the sensitized singlet oxygen leads to 

a depletion of molecular oxygen in the local micro-environment of the phosphor in the photo-activation 

processes. Harnessing the photo-activated phosphorescence and using UV light as a non-contact pen, a 

writing-erasing-rewriting prototype has been demonstrated with a DMSO gel containing Au(I) arylethynyl 

complexes. We also revealed that the six solvents (including DMSO) can be used as photochemically 

deoxygenating solvents to realize triplet-triplet annihilation photon upconversion (TTA-UC) in fluid 

solutions under air. 
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Metal-bis(dithiolene) complexes are known as strong NIR absorbers with high thermal- and photostability. 

In their neutral state, they display high absorption coefficients (around 30 000 M-1.cm-1) in a wide range of 

NIR wavelengths, from 900 to 1600 nm, depending upon the choice of metal center and dithiolene 

substituents. Furthermore, these complexes are non-luminescent, implying that all the absorbed energy is 

released in the environment as heat. In our recent works, the photothermal activity of nickel-bis(dithiolene) 

complexes has been properly quantified and we have demonstrated that the strong photothermal activity of 

this class of complexes can efficiently be used in material science and in biotechnologies.  

First, it has been demonstrated that the photothermal activity of cholesterol functionalized metal-

bis(dithiolene) organogelators can be used to control gelation processes under NIR irradiation (Figure a).[1] 

Proper functionalization of the complexes has also allowed good solubility in water and more importantly, 

in cellulo experiments have demonstrated that NIR-laser irradiation of cellular culture incubated with 

metal-bis(dithiolene) complexes can induced cell death (Figure b), highlighting that such complexes can be 

good candidates for photothermal therapies (PTT).[2] Preliminary investigations have also demonstrated 

that NIR irradiation of amphiphilic nickel-bis(dithiolene) allows the fine control of fluorophores or drug 

release from self-assembled nanostructures in solution and that metal-bis(dithiolene) complexes are 

efficient contrast agents for photoacoustic imaging. 
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Summary: 
 

 

Mixtures of iodide and iodine in organic solvents constitute the most successful redox mediators in dye-

sensitized solar cells.  Iodide is remarkable in its ability to ‘regenerate’ the oxidized dye molecule after 

excited state injection and yield oxidation products that do not efficiently react with the injected TiO2 

electrons. Motivated to understand why these redox mediators are so effective, and specifically how I-I 

bond breaking and making reactions are coupled to electron transfer, new mechanistic studies will be 

presented. Our focus was to invent new photoactive coordination compounds where I-I bond formation and 

electron transfer reactions can be controlled.  Coordination compounds necessary were designed with 

functional groups that bring together halides through Coulombic interactions, ion-pairing, halogen 

bonding, and/or hydrogen bonding.  Extensions of this chemistry to bromide and chloride oxidation by 

molecular excited states will also be presented.  Taken together the results indicate that ligand loss 

photochemistry can largely be avoided when halide oxidation is rapid and that the Coulombic work terms 

need to be taken into account when quantifiying halide photo-redox chemistry in low dielectric constant 

solvents. 
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Summary: 
 

 

Boron dipyrromethenes (BODIPY) derivatives have found widespread utility as chromophores in 

fluorescent applications, but little is known about the photophysical properties of pyridine-based BODIPY 

analogues, dipyridylmethene dyes. Indeed, it has been reported that boron difluoride dipyridylmethene 

(DIPYR) is non-emissive, and that derivatives of DIPYR have modest, if any, luminescence. We have 

studied a range of dipyridyl, diquinolyl and diisoquinolyl methene based dyes (Figure 1). These dyes 

absorb strongly in the blue-green part of the spectrum (em = 450–520 nm,  = 2.9–11 x 104 M-1cm-1) and 

display green fluorescence with high quantum yields (PL = up to 0.8).  Key photophysical properties in 

these systems were evaluated using TD-DFT methods and compared to experiment.  It was revealed 

though theoretical analysis and comparison with experiment that high quantum yields of the quinoline and 

isoquinoline derivatives are a result of the relative reordering of S1 and T2 state energies upon 

benzannulation of the parent structure. The intense absorption and high emission efficiency of the 

benzannulated derivatives make these compounds an intriguing class of dyes for further derivatization.  I 

will discuss the dyes depicted in Figure 1 as well as range of other materials based on the dipyridyl-

methene motif.  Time permitting I will discuss the photophysical properties of dimers of these dyes (Figure 

2), which engage in efficient symmetry breaking charge transfer and the application of these materials to 

organic photovoltaics. 
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Summary: 
 

 

Efficient energy conversion requires quantitative, light-driven formation of high-energy, charge-separated 

states. Conventional artificial photosystem designs seek to promote electron transfer (ET) by polarizing 

excited donor electron density toward the acceptor (“one-way” ET). Enigmatically, the excited donor of 

the archetypal R. sphaeroides reaction center polarizes its electron density away from its electron acceptor: 

light absorption by the reaction center thus triggers a “U-turn” ET event. Whatever mechanistic importance 

lies behind this biological U-turn ET has been obscured by the inability to experimentally reverse donor 

excited-state polarization within the reaction center. We describe how U-turn ET produces a strikingly 

larger yield of high-energy photo-products compared to a conventional one-way ET scheme, by 

minimizing intersystem crossing to the donor triplet state. We directly compare one-way vs. U-turn ET 

strategies via linked donor-acceptor (DA) assemblies based on highly conjugated (porphinato)metal-

(polypyridyl)metal constructs, in which selective optical excitation produces donor excited states polarized 

either toward or away from the acceptor. Ultrafast spectroscopic studies of these DA assemblies pinpoint 

the importance of realizing donor singlet and triplet excited states that have opposite electronic 

polarizations to shut down intersystem crossing, a scheme exploited by the reaction center of R. 

sphaeroides. These results offer an unexpected U-turn design principle, heralded by Nature, that averts 

intersystem crossing and dramatically increases the yield of high-energy photo-products critical for light-

driven energy conversion reactions. 
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Summary: 
 

 

Our recent studies involve photochemically, chemically, and electrochemically driven water oxidation and 

reduction. Important targets have been to develop molecular catalysts promoting both processes under 

relatively low driving forces (or overpotentials in electrocatalysis). Platinum(II) complexes had been rare 

examples of catalysts for water reduction (WR) when driven by methylviologen radical (MV+) (150 meV 

of driving force for WR at pH 5.0) [J. Am. Chem. Soc. 2009, 131, 8404]. We further reported that Co-NHC 

complexes also serve as effective water reduction catalysts (WRCs) [Chem. Commun. 2014, 50, 9872]. 

Various types of hybrid molecular systems have been designed, synthesized, and characterized to achieve 

more highly active molecular catalysts for water splitting reactions. These involve dyads, given from a 

covalent linkage of Ru(bpy)3
2+ and PtCl2(bpy). Further, simple mononuclear Pt(II) complexes having either 

Pt(II)Cl(terpy) or Pt(II)Cl2(bpy) unit were also shown to serve as such single-molecular photocatalysts for 

WR, and their net photocatalytic performances have been greatly improved by the introduction of multiple 

viologen acceptors to such Pt(II) systems [e.g., Angew. Chem. Int. Ed. 2014, 53, 4618]. Quite unique 

ligand-based multi-step reduction processes, considered as PCET steps, have also been realized to give a 

hydridonickel(II) intermediate required for WR [Angew. Chem. Int. Ed. 2017, 

DOI:10.1002/anie.201700927]. Our group also contributed to the initiation of new highly active molecular 

catalysts for water oxidation (WO) and the detailed kinetic studies have been carried out to understand the 

mechanism of WO catalysis. These involve our studies on water-soluble and -insoluble cobalt porphyrin 

WO catalysts [Chem. Eur. J. 2015, 21, 6723]. 
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Summary: 
 

 

Self-assembly is a powerful synthetic tool that has led to the development of one-, two- and three-

dimensional architectures [1]. From Metal Organic Frameworks to molecular flasks, self-assembled 

materials have proven to be of great interest to the scientific community. This presentation will highlight our 

recent advances in the construction and de-construction of supramolecular structures through light-induced 

self-assembly and dis-assembly. More specifically, the combination of two approaches, a [4 x 1]-directional 

bonding strategy [2] and ligand photo-dissociation [3], allows the self-assembly of a polypyridyl Ru(II) 

precursor into a discrete molecular square. Diffusion-ordered NMR spectroscopy confirmed the synthesis of 

a higher volume species, while the identity of the species was established by high-resolution mass 

spectrometry and single-crystal X-ray diffraction studies (Figure). The tetraruthenium square has a quantum 

yield three orders of magnitude higher than its mononuclear precursor and a prolonged excited-state lifetime. 

The results indicate that self-assembly is obtained not only by classic thermal techniques but by simple light-

irradiation as well. 

References 

1. R. Cook, P. J. Stang, Chem. Rev., 2015, 115, 7001-7045. 

2. Holliday, B. J.; Mirkin, C. A. Chem. Int. Ed. 2001, 40, 2022-2043. 
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Summary: 
 

 

Lanthanoid complexes have been widely studied for their characteristic sharp and long-lived line-like 

emission. There has been notable interest in the design of luminescent lanthanoid metal complexes for 

applications in bioimaging, solar cells, and visible organic light emitting devices (OLEDs).1 In 

comparison, near-infrared emitting OLEDs (NIR-OLEDs) have received less attention. We have been 

studying luminescent lanthanoid β-triketonate complexes and their applicability in OLEDs and NIR-

OLEDs. Although there are many reports of lanthanoid complexes with β-diketonate ligands, the 

coordination of β-triketonate ligands to lanthanoids is relatively unexplored.2-3 Different β-triketonate 

ligands, various co-ligands and alkali metals, have been used in order to study differences in the structure 

of the resulting lanthanoid complexes, and the effect on their visible and NIR photophysical properties. 

The results indicate that β-triketonate ligands are able to form assemblies of the lanthanoids with improved 

NIR emission, which rival previously reported species where ligands were perfluorinated or deuterated to 

minimise quenching. 
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Summary: 
 

 

Dye sensitized solar cells have provided a promising, green alternative to generate electricity from solar 

radiation.1,2 Substantial work with ruthenium(II) sensitizers has been conducted investigating intense metal 

to ligand charge transfer (MLCT) behaviours. Alternative systems are sought after to offer novel tuning 

methodologies to that of Ru(II) systems. In particular, copper(I) based dyes are distinct due to the variation 

of geometric preference between the ground state and excited state (tetrahedral vs square pyramidal).3,4 

Exploitation of this phenomena and electronic influence on frontier molecular orbitals affords Cu(I) based 

systems unique tuning methodologies. 

Herein we report the optical properties of three ethynyl ferrocene linked bipy ligands and the associated 

copper(I) complexes with varying degrees of conjugation and electronic influence from ferrocene. The 

electronic perturbation of the MLCT transition is monitored using a suite of techniques including 

electrochemical, UV-Vis, resonance Raman, Fourier transform-Raman (FT-Raman) and time-dependent 

density functional theory (TD-DFT) methods. 

References 
M. J. Grätzel, Photochem. Photobiol. C, 2003, 4, 145-153. 

M. J. Grätzel, Inorg. Chem., 2005, 44, 6841-6851. 

C. E. Housecroft, E. C. Constable, Chem. Soc. Rev., 2015, 44, 8386-8398. 

M. S. Lazorski, F. N. Castellano, Polyhedron, 2014, 82, 57-70. 
 

 

Figure 1 UV-Vis absorption spectra for all compounds in CH2Cl2, and a diagrammatic representation of MLCT for compound 3Cu. 
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Summary: 
 

 

Applications of gold surfaces modified with transition metal complexes have been dominated by 

electrochemical studies due to the reported luminescence quenching of the excited state by the gold.  

Despite this, the covalent attachment of metal complexes to gold is attractive as a platform to build 

recognition sites and develop sensing motifs. Complexes of ruthenium(II),1 and in particular iridium(III) 

have been shown to have significant affinities for biomolecules. 

In this presentation we will show the formation of luminescent iridium metal complexes using a lipoic acid 

based surface attachment on a bipyridine ligand, with a long spacer chain to reduce luminescence 

quenching of the coordinated metal from the gold surface. We have examined the formation of monolayers 

of ruthenium(II), and cyclometalated iridium(III), bipyridyl complexes on gold and analyzed their 

photophysical properties for promising optoelectronic device development (Scheme 1).2 

The modified complexes form luminescent monolayers on gold surfaces. The complexes  can be patterned 

directly using a simple stamping methodology. We have explored the possibility of multimodal sensing 

applications of these surfaces using SPR and luminescence studies in the detection of bovine serum 

albumin. 

  

1. S. A. M. Osborne and Z. Pikramenou, Faraday Discuss., 2015, 185, 219-231. 

2. S. J. Adams, D. J. Lewis, J. A. Preece and Z. Pikramenou, ACS Appl. Mater. Interfaces, 2014, 6, 

11598-11608. 

 

 

Scheme 1: Attachment of ruthenium and iridium probes onto gold surfaces and subsequent 
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Summary: 
 

 

An overwhelming majority of luminescent Ir(III) and Pt(II) emitters are mononuclear and contain one metal 

centre in the molecule. We are interested in multimetallic assemblies and our approach is to use the best 

performing monometallic complexes and fuse two or more such structural elements in one rigid molecule.1-

3 

We found that the introduction of additional metal centres is an important mechanism for controlling excited 

state properties of the complexes. In particular, we generally observe that the move to multimetallic 

assemblies leads to a significant red-shift in the absorption and emission of the complexes. Despite this red-

shift, emission quantum yields remain high, most likely due to the rigidity of the systems. We hope that such 

molecules will lead to new opportunities for a variety of applications ranging from OLEDs to bioimaging. 

In this contribution we will discuss the synthesis of ligands and complexes as well as structural and 

photophysical characteristics of these novel luminophores. 

 

1. P.-H. Lanoë, C. M. Tong, R. W. Harrington, M. R. Probert , W. Clegg, J. A. G. Williams and V. N. 

Kozhevnikov, Chem. Commun., 2014, 50, 6831-6834. 

2. Culham, P.–H. Lanoë, V. L. Whittle, M. C. Durrant, J. A. G. Williams and V. N. Kozhevnikov, Inorg. 

Chem., 2013, 52, 10992-11003. 

3. N. Kozhevnikov, M. C. Durrant and J. A. G. Williams, Inorg. Chem., 2011, 50, 6304-6313. 
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Summary: 
 

 

The attractive photophysical properties of kinetically inert d6 metal complexes have seen their widespread 

application as the phosphorescent dopants in light-emitting devices1 as well as luminescent probes for 

cellular confocal imaging microscopy.2 The series of complexes [Os(bpy)3-n(btz)n]
2+ (bpy = 2,2’-bipyridyl, 

btz = 1,1’-dibenzyl-4,4’-bi-1,2,3-triazolyl, n = 0 (complex 1), 1 (complex 2) & 2 (complex 3)) have been 

shown to display deep-red/near-IR emission (Figure 1 (left)) and were utilised in light-emitting 

electrochemical (LEC) devices.3 The complex [Os(btzbp)2]
2+ (btzpy = 2,6-bis(1-phenyl-1,2,3-triaol-4-

yl)pyridine) has also been investigated and is shown to undergo cellular uptake with the cancer cell lines 

HeLa and U2OS and exhibit mitochondrial localisation (Figure 1 (right)).4 We have similarly shown that 

complexes of the form [Ir(ptz)2(dppz)]+ (4, ptzH = 4-phenyl-1,2,3-triazole, dppz = dipyridophenazene) also 

undergo cellular uptake with mitchondiral localisation and moderate binding in DNA titrations. In this talk 

we will present our recent results on these and related luminescent osmium(II) and iridium(III) containing 

1,2,3-triazole-based ligands. 
 

  

 

 

  

Figure 1. Left: LEC device data for osmium(II) complexes 1 (panel a), 2 (panel b) and 3 (panel c) and electroluminescent 

spectra (panel d). Right: Confocal microscopy imaging of complex 4 in HeLa and U2OS cancer cell lines after incubation at 1 M 

concentrations. 
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Lanthanide luminescence is one of the more interesting characteristics of the f block metal series. Since 

emission can range from the visible to the Near Infra-Red (NIR) region, depending on the identity of the 

metal, there are many applications for these complexes in solid state devices, telecommunications and as 

NIR emitting probes for bio-imaging. 

Although sensitised Ln(III) emission and the antenna effect responsible for the overall emission efficiency 

have been established, various aspects such as the potential involvement of intermediate excited electronic 

states have not been conclusively elucidated. To explore the influence of the organic chromophore on 

observed differences in emission efficiency, a series of isostructural complexes have been prepared using 

various substituted terpyridine ligands ([Ln(Tpy-R)(NO3)3(H2O)x], where R = Cl, H, OMe and Ln = La, 

Eu, Gd and Yb ) as illustrated in Fig. 1.  

To assess the excited state dynamics involved, femtosecond Transient Absorption (fs-TA) measurements 

were undertaken, and decay kinetics for the entire series of complexes were compared with the 

corresponding emission intensities. This has allowed the importance of singlet (S1) and triplet (T1) 

mediated energy transfer pathways, as well as other electronic states to be evaluated. 
 

  

 

 

 

 

Figure 1. The X-ray crystal structures of [La(Tpy-Cl)(NO3)3(H2O)] (left) (P21/c, R1 = 3.6%.) and [La(Tpy-

OMe)(NO3)3(H2O)] (right) (P21/c, R1 = 2.6%) . 
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Summary: 
 

 

Switching physical properties of functional materials to metastable states using external perturbations is of 

great interest for future electronic and data storage technologies. The VII/III-CrIII analogue of Prussian Blue 

(V-Cr PBA) combines optical and magnetic properties of thin films, with a deep blue colour and 

ferrimagnetic ordering at room temperature1. 

The V-Cr PBA was recently studied using femtosecond transient absorption (TA) and magneto-optical 

(MO) techniques2, exciting at the ligand-to-metal charge-transfer (LMCT) band resulted in a transient 

reduction of the CrIII ions. Back electron transfer occurred in less than 250 fs and CrIII was formed in the 2E 

doublet state via intersystem crossing (ISC). The MO measurements detect the doublet state as a change in 

the super-exchange interaction caused by the spin-flip. Here, we present a TA study to directly capture the 

short-lived “photo-reduced” Cr ions. 

Our experiment was inspired by a recent spectroelectrochemical study3, which revealed that 

electrochemical reduction of CrIII to CrII resulted in a new absorption peak at 465 nm due to a red-shifted 

metal-to-ligand (MLCT) transition. We have carried out TA using a broad probe spectrum (330 -675 nm) 

to observe the MLCT transition. We observed an excited state absorption (ESA) at 455 nm, which 

agrees with the spectroelectrochemical measurements. In addition to the LMCT state, we also observed an 

ESA at 345 nm. 

These measurements demonstrate the powerful combination of transient absorption spectroscopy and 

spectroelectrochemistry in understanding photo-induced charge-transfer processes in functional materials. 

  

1. S. Ferlay, Nature, 1995, 378. 

2. J. O. Johansson, Chemical Science, 2016, 7. 

3. L. Hedley, Electrochimica Acta, 2017, 236, 97-103. 
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Summary: 
 

 

 

Iridium(III) complexes have attracted considerable attention as their luminescence properties can be finely 

tuned as a function of modification of the ligand system. They have been used in a wide range of 

applications. Most of Ir(III) complexes that are used as phosphors are based on a conjugated five-

membered chelated framework. Complexes with a six-membered chelating framework are very rare, only a 

few examples have been reported.[1,2] 

Here we report a new family of luminescent neutral Ir(III) complexes with the unprecedented 

[Ir(C^N^C)(N^N)Cl] architecture, where C^N^C is a bis(six-membered) chelating tridentate tripod ligand 

derived from 2-benzhydrylpyridine (H2bnpy) and N^N is 4,4'-di-tert-butyl-2,2'-bipyridine (dtBubpy) 

(Figure 1). X-ray crystallography reveals an unexpected double C-H bond activation of the two non-

conjugated phenyl rings of the bnpy ligand coupled with a Ir-Cl bond trans to the pyridine of the bnpy 

ligand. Depending on the substitution on the bnpy ligand, phosphorescence, ranging from yellow to red, is 

observed in dichloromethane solution. 

  

1       C. Hierlinger, T. Roisnel, D. B. Cordes, A. M. Z. Slawin, D. Jacquemin, V. Guerchais, and E. 

Zysman-Colman, Inorg. Chem., 2017, 9, 5182 

2       R. Zhu, J. Lin, G.-A. Wen, S.-J. Liu, J.-H. Wan, J.-C. Feng, Q.-L. Fan, G.-Y. Zhong, W. Wei and W. 

Huang, Chem. Lett., 2005, 34, 1668–1669. 

3       Y. H. Song, Y. C. Chiu, Y. Chi, Y. M. Cheng, C. H. Lai, P. T. Chou, K.T. Wong, M. H. Tsai, and 

C.C. Wu, Chem. Eur. J., 2008, 14, 5423–5434 
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Manganese-based complexes have been instrumental to the development of single-molecule magnets 

(SMMs), which are molecules that show magnetic hysteresis below a certain blocking temperature TB [1-

2]. The development of SMMs could potentially lead to applications in data storage and molecular 

spintronics. In particular, [Mn6O2(Et-sao)6(O2CPh(Me)2)2(EtOH)6](Et-sao = ethyl-salicylaldoxime, Ph = 

phenyl) , or simply Mn6, has one of the highest TB recorded for a Mn-based SMM (TB = 4.5 K) [3]. While 

the magneto-structural correlations of a whole family of Mn6 and Mn3 complexes have been extensively 

studied, their photophysics have so far been under-explored. Here, we report ultrafast transient absorption 

measurements of Mn6 in solution. 

The absorption spectrum of Mn6 is relatively featureless and is dominated by charge-transfer transitions 

between Mn-O and Mn-Mn sites. We observe two excited state absorption (ESA) bands around 340 and 450 

nm in the transient absorption spectra. A global analysis yields two decay time-constants of τ1 ≈ 200 fs and 

τ2 ≈ 4 ps. We attribute the ESA to the charge-transfer state populated by the pump pulse, which subsequently 

decays back to the ground state on a 4 ps time scale. 

Our results provide the first steps towards exploring the photophysics of these fascinating molecular systems, 

which is important for achieving optical control of molecular magnets.   

References  
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Summary: 
 

 

Artificial lighting accounts for approximately 20% of global electricity consumption (i.e. a 1900 Mt annual 

production of CO2) therefore the development of more energy-efficient lighting technologies is absolutely 

essential. Light-emitting electrochemical cells (LECs) represent the next generation of energy efficient 

solid-state lighting with widespread potential applications such as in consumer electronics, information 

displays and novelty lighting.  The simple single-layer device architecture of LECs makes their 

manufacture quicker, cheaper and significantly less energy-intensive than that of related organic 

electroluminescent devices such as organic light-emitting diodes (OLEDs). 

The use of phosphorescent ionic transition metal complexes (iTMCs) in LECs can greatly enhance device 

efficiency with external quantum efficiencies approaching 100% - far superior to the efficiencies 

achievable with other luminescent materials. Due to the efficient phosphorescent emission of heteroleptic 

cationic iridium(III) complexes, this class of transition metal complex has been the most widely used in 

iTMCs-based LECs to date. 

This work describes the synthesis and photophysical characterisation of several families of novel 

iridium(III) complexes of the type [Ir(C^N)2(N
^N)]PF6 where C^N is a cyclometalating ligand and N^N is 

an ancillary ligand containing a bipyridine, azaindole or azaindazole motif. Successful colour-tuning of 

photoluminescent emission from red to blue has been achieved by varying the substituents attached to the 

cyclometalating and ancillary ligands. A selection of complexes possessing sterically bulky C^N ligands 

have also been tested in LECs to see if this particular design feature is beneficial for LEC performance.   
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Summary: 
 

 

We will present the spectroscopic and electrochemical investigation of Rhenium(I)tricarbonyl complexes 

with phosphine and arsine ligands and their interaction with carbon dioxide. 

The spectroelectrochemical UV-Vis absorption data obtained from stepwise controlled potential 

electrolysis in an optical transparent thin layer electrochemical cell shows an interesting relatively stable 

intermediate in the presence of CO2. Attempts for the observation of this intermediate in the infrared range 

will be shown, as well as time-resolved IR measurements in the presence of a suitable quencher and carbon 

dioxide. 
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Summary: 
 

 

Cationic luminescent Ir(III) complexes bearing cyclometallating C^N and ancillary N^N type ligands 

continue to gain widespread attraction in the fields of photo- and electro-luminescent devices,1,2 

photocatalysts3 and biolabelling.4 In this context, our present study involves design and synthesis of four 

Ir(III) complexes (1-4) bearing increasing electron-withdrawing groups on the C^N ligands (L1-L4) (Figure 

1).5 The photophysical investigations reveal these complexes as sky-blue-to-green emissive luminophores 

that do not adhere to the paradigm where increasing electron-withdrawing character translates to bluer 

emission. We demonstrate how these complexes can act as emitters in light-emitting electrochemical cell 

(LEEC) devices. 

1 N.M. Shavaleev, G. Xie, S. Varghese, D.B. Cordes, A.M.Z. Slawin, C. Momblona, E. Ortí, H.J. Bolink, 

I.D.W. Samuel, E. Zysman-Colman. Inorg. Chem., 2015, 54, 5907. 

2 R.D. Costa, E. Ortí, H.J. Bolink, F. Monti, G. Accorsi, N. Armaroli. Angew. Chem. Int. Ed., 2012, 51, 

8178. 

3 S. Sato, T. Morikawa, T. Kajino, O. Ishitani. Angew. Chem. Int. Ed., 2013, 52, 988. 

4 B. Wang, Y. Liang, H. Dong, T. Tan, B. Zhan, J. Cheng, K.K.-W. Lo, Y.W. Lam, S.H. Cheng. Chem. 

Bio. Chem., 2012, 13, 2729. 

5 Amlan K. Pal, David B. Cordes, Alexandra M. Z. Slawin, Cristina Momblona, Enrique Ortı,́ Ifor D. W. 

Samuel, Henk J. Bolink and Eli Zysman-Colman Inorg. Chem. 2016, 55, 10361. 

 
Figure 1. Structures of cyclometallating ligands (L1-L4) and cationic Ir(III) complexes (1-4) under study. 
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Summary: 
 

 

The combination of transition metal ions and multitopic organic bridging ligands has led to the preparation 

of numerous supramolecular architectures. These assemblies generally possess rigid scaffolds and large 

internal cavities that promote intercalation of guest species and have found applications in host-guest 

chemistry, gas separation and catalysis.1-2 Surprisingly, despite the great interest in developing 

photophysically active functional 3D nanomaterials, only a handful of examples of phosphorescent 

supramolecular architectures have been developed to date.3-4 Herein, we report the self-assembly between 

enantiopure L, D-[Ir(C^N)2(qpy)]PF6 metallo-ligands (where C^N is mesppy: 2-phenyl-4-

mesitylpyridinato or dFmesppy: 2-(4,6-difluorophenyl)-4-mesitylpyridinato and qpy is 4,4':2',2'':4'',4'''-

quaterpyridine) with square planar Pd2+ ions, leading to the formation of rare examples of homochiral and 

emissive supramolecular cages of the composition of L, D-[Ir8Pd4]
16+. The cages have been 

comprehensively characterized, their enantiopurity verified by CD spectroscopy and their photophysical 

properties investigated by steady-state and time-resolved emission spectroscopy. The cages are emissive in 

both solution and PMMA-doped films and they provide an adequate interior pocket to host large anionic 

guest molecules including mononuclear iridium(III) complexes. Importantly, encapsulation and energy 

transfer between the blue-emitting [Ir(dFppy)2(CN)2]
- guest and the red-emitting cage [Ir8Pd4]

16+ has been 

observed. 

1) Q-F. Sun, S. Sato and M. Fujita, Angew. Chemie Int. Ed. 2014, 53, 13510-13513. 

2) J. Stang and B. Olenyuk, Acc. Chem. Res. 1997, 30, 502-518. 

3) Chepelin, J. Ujma, X. Wu, A.M.Z. Slawin, M.B. Pitak, S.J. Coles, J. Michel, A.C. Jones, P.E. Barran 

and P.J. Lusby, J. Am. Chem. Soc. 2012, 134, 19334-19337 

4) Schmidt, M. Hollering, J. Han, A. Casini and F.E. Kuhn, Dalton Trans. 2016, 45, 12297-12300 
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Summary: 
 

 

Hydrogen has received much attention as a promising green energy source in recent years. Therefore, 

extensive research has been carried out to construct hydrogen-evolution systems driven by sunlight. Thus, 

we have focused on iridium (Ir) complexes bearing coumarin 6 ligands and ancillary ligands such as 2,2’-

bipyridyl (bpy) as effective photosensitizers. These complexes have strong visible-light absorbing property 

and long-lived triplet excited states. In addition, we have found that the quantum yields, as well as 

phosphorescence lifetimes, are enhanced by introducing electron-donating groups into the bpy ligand 

(Inorg. Chem. 2016, 55, 8723). These results have suggested that the lowest triplet excited states associated 

with the ancillary ligands have a great influence on the nonradiative deactivation pathway of the 

complexes. 

In this work, we synthesized new Ir(III) complexes with other ancillary ligands in order to further improve 

the phosphorescence lifetime. We employed a series of ligands including ethylenediamine (en), 2-(1-

pyrazolyl)pyridine (pzpy), trans-diaminocyclohexane (dach), 2-picolylamine (pam), and N-heterocyclic 

carbene (NHC). All the new complexes we synthesized, especially one having pzpy, exhibited remarkably 

longer phosphorescence lifetime (up to 61 µs) than the complex with bpy ancillary ligand (8.5 µs) in 

dichloromethane. In this presentation, we will also report on photosensitizing properties of these Ir(III) 

complexes in visible-light-driven hydrogen generation. 
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Summary: 
 

 

The photophysical behaviours of Re(I) complexes belonging to the class fac-[Re(L)(CO)3(α-diimine)]n+ 

have been the subject of extensive study due to their tunable excited state properties. This makes them 

potential candidates for use in a range of applications including dye-sensitised solar cells or as luminescent 

biological labels. However, a detailed understanding of these properties is paramount in order to develop 

viable materials. 

Spectroscopic and computational methods have been used to investigate a series of [Re(L)(CO)3(α-

diimine)]n+ complexes, such that L = Cl-, pyridine (py) and 4-dimethylaminopyridine (dmap). The diimine 

ligand consists of a 1,10-phenathroline (phen) unit with an electron donating triphenyl amine (TPA) 

substituent. This facilitates low lying intra-ligand charge transfer (ILCT) states in the complex, alongside 

the metal-to-ligand charge transfer (MLCT) states commonly present in Re(I) polypyridyls. Modulation of 

the ancillary ligand L perturbs the energies of the Re(dπ) orbitals as predicted. However it also causes 

unexpected variation of the complexes’ emissive properties and excited state lifetimes. [ReCl(CO)3(phen-

TPA)] has a lifetime of approximately 1 μs, originating from a 3ILCT state. However, when L = py or 

dmap dual emission is observed and the 3ILCT lifetimes are shorted to 25 ns and 50 ns respectively. 

The significant variations in the 3ILCT state lifetimes are likely a result of complex interplay of close lying 

excited states and differences in relative reorganisation energies. The complexes are studied using a wide 

range of spectroscopic techniques including resonance Raman and transient resonance Raman. DFT and 

TD-DFT calculations have been used to calculate the ground and excited state structures and their 

corresponding electronic and vibrational spectra 
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Summary: 
 

 

Iridium complexes have been used widely as oxygen sensors1, lighting devices2, and biological probes3 

because of their high tunability of emission colour and efficiency1. Most of research focuses on using 

different ligands to obtain better performance.1,4 In this project, a group of water soluble iridium complexes 

were synthesized and decorated with adamantane groups (Figure 1), which were used as recognition units 

with cyclodextrin vesicles (CDV) to explore the host-guest interactions between the iridium complexes and 

the CDVs with a view to their use in bio-imaging. 

Reference: 
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Forrest, S. R. And Thompson, M. E.,     J. Am. Chem. Soc., 2001, 123, 4304–4312. 

3. Lo, K. K. W.; Louie, M. W. And Zhang, K. Y.; Coord. Chem. Rev., 2010, 254, 2603–2622. 

4. Slinker, J. D.; Rivnay, J.; Moskowitz, J. S.; Parker, J. B.; Bernhard, S.; Abruna H. D. And Malliaras G. 

G., J. Mater. Chem., 2007, 17,       2976. 
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Summary: 
 

 

The demand for clean energy sources, such as hydrogen produced from water and solar energy, has 

increased in recent years. Thus we have developed cationic iridium (Ir) complexes comprising coumarin 6 

and 2,2’-bipyridine (bpy) derivatives as effective photosensitizers in visible-light-driven hydrogen 

generation (Inorg. Chem. 2016, 55, 8723). These complexes possess important photophysical features 

including strong visible-light absorption and long-lived phosphorescence. However, the system requires a 

significant amount of acetonitrile so that the Ir(III) complexes can become soluble in the reaction mixture. 

  In this work, we set out to construct a new photochemical hydrogen-generating system using spherical 

bilayer-membrane compartments, so-called vesicles, that form as a result of self-organization of 

amphiphiles in aqueous medium. As the first step toward the goal, several Ir(III) complexes embedded in 

the vesicle membrane were examined for their phosphorescent properties. While all the complexes were 

successfully incorporated into the vesicles, the phosphorescence lifetimes of complexes with bpy ancillary 

ligands (ca. 4 microseconds) were much shorter after incorporation into the membrane than in 

dichloromethane (ca. 30 microseconds). On the other hand, complexes having other ancillary ligands such 

as 2-(1-pyrazolyl)pyridine exhibited remarkably long lifetimes (up to 31 microseconds) as well as high 

phosphorescence quantum yields (up to 32%) even in the vesicles. These results can be interpreted by 

different excited-state deactivation pathways and/or location of the complexes in the membrane. 
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Recently, photocatalytic reactions using metal complexes as a redox photosensitizer in 

combination with catalysts for CO2 reduction, H2 evolution, water oxidation, and organic synthesis have 

attracted attention. Utilization of visible-light over a wider range of wavelengths is important both to 

utilize solar light efficiently and to achieve the selective excitation of the photosensitizing complex. 

However, stronger reducing/oxidizing power, longer lifetime, and lower energy excitation are trade-off 

usually because smaller HOMO-LUMO gap decreases reducing and/or oxidizing power and lifetime in 

excited state by energy-gap law. One of the ideas to utilize visible light at longer wavelengths is direct 

excitation from ground states to triplet excited states, which is usually spin-flip “forbidden” transition and 

is not observed using most commonly used [Ru(N^N)3]
2+-type photosensitizers. On the other hand, in the 

research field of dye-sensitized solar cell, Segawa’s group reported Ru(II) complexes with singlet-to-triplet 

(S-T) absorption.1 Since these complexes contain monodentate ligands, they should be inappropriate as a 

redox photosensitizer in photocatalytic reactions from the standpoint of their stabilities. Therefore, we 

focused on the Ru(II) complexes with asymmetric bis-tridentate structure, [(mbip)Ru(Xtpy)]2+ (mbip = 

bis(N-methylbenzimidazolyl)pyridine, Xtpy = 4’-X-2,2’:6’,2’’-terpyridine), originally reported by Haga’s 

group (X = H).2 In the previous study, we reported that supramolecular complexes with 

[(mbip)Ru(Xtpy)]2+ photosensitizer unit photocatalyze CO2 reduction3 and found that [(mbip)Ru(Xtpy)]2+ 

have S-T absorption. In this study, photophysical and photochemical properties of [(mbip)Ru(Xtpy)]2+ 

were investigated along with DFT calculations. 

  

1. Kinoshita, T.; Segawa, H. et al. Nature Photonics 2013, 7, 535. 

2. Zhong, Y.-W.; Haga, M. et al. Inorg. Chem. 2012, 51, 890. 

3. Tamaki, Y.; Ishitani, O. Faraday Discuss. 2017, in press. 
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Summary: 
 

 

Organic-inorganic hybrid perovskite materials show great potential in diverse optoelectronic and photonic 

applications, especially in solar cells. Among these, the role of the organic component is not fully 

understood due to the paucity of examples. Here we demonstrate a new photoluminescent member of this 

perovskite family: azetidinium lead bromide, which shows a 6-H hexagonal perovskite structure with a 

bandgap of 2.81eV 
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Cylometalated Pt(II) complexes attract considerable attention due to their unique photophysical properties 

and prospective applications in such areas as OLED devices, NLO technology, chemo- and bio-sensing, 

and bioimaging. One of the most challenging tasks for synthetic coordination chemists is design of 

effective NIR emitters, which can be used, for example, for bio-imaging and bio-sensing in the window of 

transparency of biological tissues. By the present time very few examples of the complexes of this sort 

have been prepared and characterized.  

In the present communication we report on the synthesis and characterization of three binuclear Pt(II) 

cyclometallated complexes based on the polydentate  3,4-di(2-thienyl)pyridazine skeleton (Scheme 1), 

where introduction of electron donating thienyl fragment as a metalating moiety results in a considerable 

red shift of emission to give the compounds 1  and 2, which display emission band centered at ca 700 

nm  with the tail extending well below 800nm (Fig. 1). 

The complex 3 containing maleimide substituent and carboxyl group has been prepared to explore its 

conjugation with biomolecules through their surface amino functions. However, this compound proved to 

be non-emissive probably due to excited state energy transfer to electrophilic substituent at pyridazo-

fragment. Detailed study of the photophysical characteristics of 1 and 2 will be presented in the poster. 

  

Authors appreciate financial support from Russian Science Foundation, grant 16-43-03003. 
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Phosphorescent transition metal complexes attract growing attention not least due to their application 

in bioimaging and sensing. Most prospective candidates for application as phosphorescent probes should be 

soluble and stable in physiological media, display strong emission in or close to “window of transparency” 

and bear active functions for conjugation with biomolecules like peptides, antibodies, enzymes, etc. In the 

present communication we describe a luminescent “platform” based on the pincer [(N^N^C)PtL]+ complex, 

which display high yield emission in the NIR spectral range and makes possible wide variation in the 

properties of the targeted luminescent compounds. 

The novel tridentate N^N^C ligand was synthesized in accordance with the following scheme 

(scheme 1). 

Standard metalation reaction of K2PtCl4 gives chloride substituted complex 1, which can be easily converted 

into phosphine derivatives 2a-d (scheme 2) with emission in the 680-800 nm interval. Complexes 2b and 2c 

may be conjugated with biomolecules (probe carriers) through amine and succinimide functions, whereas 2d 

is water soluble and stable in buffer solutions. Molecular oxygen quenches emission of the complexes (figure 

1) obtained that opens a way for their application as oxygen sensors, including oxygen mapping in biological 

systems. 

Conjugation of 2c with Rhodamine B fluorophore gives dual emissive complex 2e (figure 2), which can 

be used for ratiometric analysis of oxygen concentration. 

Authors appreciate financial support from Russian Science Foundation, grant 16-43-03003. 
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Summary: 
 

 

We show that the emission efficiency of blue-green phosphorescent emitters can be controlled through 

coupling of the excited state to vibrational modes. We controlled this vibrational coupling through choice 

of different ligands and as a result, complexes with CF3-groups were essentially non-emissive (ΦPL < 1%), 

whereas with CH3-groups were strongly emissive (ΦPL > 50%) in MeCN. However, emission of the 

complexes can be drastically improved (30 times higher PLQY compared to degassed solution for the CF3-

containing complexes) by blending them with an inert solid host such as PMMA due to reduced metal-

ligand vibrations. Organic light-emitting diodes made from these materials showed efficiency as high as 

6.3%.1  

 

[1] J. Mater. Chem. C., 2016, 4, 8939-8946. 
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Unlike previously reported dinuclear copper (I) complexes using a dihalide bridge1 or a tetraphosphine 

ligand,2 herein we report two new dinuclear copper (I) complexes 1 and 2 that are bridged by a 

pyrimidylimidazolate ligand. The tetrahedral coordination sphere of each copper centre is completed 

through the use of a bulky bisphosphine ligand, DPEphos or Xantphos. 

 

The chemical structure of prior art and the complexes studied (below) 

 

The photophysics of both complex 1 and 2 are very sensitive to the environment. They are very emissive as 

crystals, yet once ground or spin coated in films, significant reduction of their PLQYs is observed along 

with a red-shifted emission profile. These complexes display AIE (aggregation induced emission) and 

appear to emit through a combination of phosphorescence and thermally activated delayed fluorescence. 

References 
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