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Abstract

Using simple building blocks to develop functional supramolecular materials is an active area of
research. To this extent the use of lanthanide ions (Ln*) to direct supramolecular self-assembly
with organic ligands has become a popularised method whereby the interesting photophysical
properties of Ln3 can be manipulated by simple modification of the organic architecture.
Applications of such systems vary from solar waveguides, OLEDS, molecular sensors, contrast
agents, bio-probes, security inks and barcodes. Herein, a synthetic strategy has been developed
and investigated to readily functionalise the organic scaffolds 2,6-pyridinedicarboxamide (PDA)

and 6-carbamoylpyridine-2-carboxcylic acid (PDC), using 1,2,3-triazole “click” chemistry.

Using this approach, we have synthesised and assessed the f-directed self-assembly ability of
some novel PDA-based and PDC-based assemblies. Initial studies focused on symmetrical
incorporation of the 1,2,3-triazole linker into the PDA motif via side carbonyls. This resulted in
the development of four ligand architectures (1-4), which in the presence of Eu®" and Tbh** self-
assemble into Ln(L)3(CF3S0s)s (where L = 1-3) luminescent assemblies. While results of the PDA
systems were promising, the systems were relatively unstable in competitive solvents, and as a
result subsequent systems focused on the unsymmetrical modification of the PDC motif.
Incorporation of our synthetic strategy into the PDC motif was straightforward and additionally
improved both Ln* complex stability and emission intensity. Using this approach, amphiphilic
ligand 5 and visibly emissive amphiphilic complexes Ln(5); (where Ln= Eu®*, Th**, Sm3* and Dy*')
were synthesised. The incorporation of a long alkane chain vig the 1,2,3-triazole in ligand 5
allowed for the fabrication of ultra-thin luminescent films by Langmuir-Blodgett (LB) technique
resulting in bright visibly emissive monolayer films. Furthermore, mixing of the emissive Ln(5)s
complexes resulted in tunable emission dependent on the composition in both solution and
maonolayer film. Following this, single component dual emissive systems Ln(6)s, [Ln(7)3](CF3S03)s
and Ln(8); were developed. This entailed the incorporation of blue emissive 1,8-naphthalimide
(6 & 7) and pyrene (8) via the 1,2,3-triazole linker. When complexed with Eu®* it resulted in dual
emissive systems which were colour-tunable, changing colour dependent on the excitation
wavelength, and in the case of Eu(6)s and Eu(8); it results in white emissive solids and solutions.
These properties were transferable to thin films, by spin coating technigues. Finally, the
synthetic strategy was used in the initial development of multi-nuclear assemblies forming three

multitopic ligands (9-11) and initial complexation studies were undertaken.
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(Left) Gunnlaugsson and co-workers L’ ligand architectures for [Ln(L7)3]3* assemblies and
catenane formation post RCM. Image adapted with permission from C. Lincheneau, B. Jean-
Denis and T. Gunnlaugsson, Chem. Commun., 2014, 50, 2857-2860. Copyright 2022 Royal
Society of Chemistry. (Right) Leigh and co-workers L%° ligand architectures for Ln(L%®%);
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article, J.-F. Ayme, G. Gil-Ramirez, D. A. Leigh, J.-F. Lemonnier, A. Markevicius, C. A. Muryn
and G. Zhang, J. Am. Chem. Soc, 2014, 136, 13142-13145. .....ccceeeviiiereeriee e eeiee e 31
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Soc., 2015, 137, 1983-1992. Copyright 2022 American Chemical Society. ........cccccevcvveernns 32
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(Top) Biinzli, Piguet and co-workers triethylamine linker L** which forms [Ln(L3)]3*
encapsulating mononuclear tripodal podates assemblies. (Bottom) Lacour and co-workers
tripodal L** PDA ligand and model encapsulating mononuclear tripodal podates [Eu(L#)]3*.
Image adapted with permission from J. Hamacek, C. Besnard, N. Mehanna and J. Lacour,
Dalton Trans., 2012, 41, 6777-6782. Copyright 2022 Royal Society of Chemisty Publishing.

(Left) Tripodal PDA ligand: L*® and L' by Hamacek and co-worker, and L*? by Sun and co-
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presence of 1 equivalent Of LN . ..ottt 34
Leigh and co-workers single molecular strand L*® for knot formation of [Ln(L8)]**. Image
adapted from open access and CC-BY article, G. Gil-Ramirez, S. Hoekman, M. O. Kitching, D.
A. Leigh, . J. Vitorica-Yrezabal and G. Zhang, J. Am. Chem. Soc., 2016, 138, 13159-13162.

a) Leigh and co-workers single molecular strand, connected to an axle (orange) via a 1,2,3-
triazole linker forming L'°. It can be seen in the image that the macrocycle can thread the
untied L which is then closed by the presence of Ln®** forming the knot stopper. Following
this the knot can be untied and the macrocycle unthreaded. Image adapted from open
access and CC-BY article, D. A. Leigh, L. Pirvu, F. Schaufelberger, D. J. Tetlow and L. Zhang,
Angew. Chem. Int. Ed., 2018, 57, 10484-10488. b) Leigh and co-workers single molecular
strand with different terminal ends L?° for the formation of granny and square knots (shown
on the left) by 1,2,3-triazole “click” chemistry and RCM. Image adapted from open access
and CC-BY article. D. A. Leigh, L. Pirvu and F. Schaufelberger, J. Am. Chem. Soc. 2019, 141,
B054-6059. ...uuiiiiiieiieete ettt st e bt e st e et e s bt e e bt e s be e e bee s be e e reesabeeeneenate 35
Gunnlaugsson and co-workers L*?2 and Law and co-workers L%2* forming Ln.Ls helicate
assemblies. Below is a crystal structure of [Eua2(L®)3]%* (AA) helicate assembly. Crystal
structure of helicate assembly adapted with permission from J C.-T. Yeung, W. T. K. Chan,
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(Top) Ligand architectures which have been used to form helicate assemblies [LnaLs]®*
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Images adapted with permission from B. E. Aroussi, S. Zebret, C. Besnard, P. Perrottet and
J. Hamacek, J. Am. Chem. Soc., 2011, 133, 10764-10767 and S. Zebret, E. Vogele, T. Klumpler
and J. Hamacek, Chem. Eur. J., 2015, 21, 6695-6699 respectively. Copyright 2022, American
Chemical Society and John Wiley and Sons Publishing, respectively. .......ccocvvvvieiiciiiiinen.n. 38
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Biinzli, Piguet and co-workers L** ligand architecture and corresponding Tb(L3%) crystal
structure. ®f, for Ln(L*) (measured in H20) and [Ln(L*)]** (measured in MeCN:H20, 4:1),
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Imbert, J.-C. G. Binzli, P.-Y. Morgantini, J. Weber and C. Piguet, Inorg. Chem., 2003, 42,
4680-4695. Copyright 2022 American Chemical SOCIELY. ..uiiiieiiieieiieice e 40
(Top) An and co-workers L%, L3 and L ligand architectures, along with @}, for Ln(L)s
{measured in EtOH) values taken from reference 89 and 90. (Bottom) Crystal structure of
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B.-L. An, M.-L. Gong, M.-X. Li and J.-M. Zhang, J. Mol. Struct., 2004, 687, 1-6. Copyright 2022
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Gunnlaugsson and co-workers L3 and L% ligand architectures, with @[, for Ln(L)s values
taken from reference 93. .. e e 41
Biinzli and co-workers L* ligand architecture for formation of Ln** luminescent resins.... 41
(Left) Ligand 2 coordinating to Ln*" to form a 1:3 metal:ligand species. (Right) Solid
Eu(2)3(CF350s)3 and Th(2)3(CF3S03)s crystalline complexes under a microscope, first under

ambient light and then shortwave UV irradiation (Aex= 254 NM). weorirerinenievnneneenesenenns 45
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(Top) *H NMR of intermediate B and ligands 1, 2, 3 and 4 (300 MHz, DMSO-de). (Bottom) 13C
NMR of intermediate B and ligands 1, 2, 3 and 4 (75 MHz, DMSO-ds) Abbreviations stand
for: py - central pyridyl ring, t - 1,2,3-triazole ring, Bn - benzyl ring, Nap - naphthalene ring,
ANA APY - B-PYTIAINE. (et ce e te e e e e merae e e e e e e e ettt eee e eaannnnneaeaaaenan 48
Ball and stick representation of the molecular structures of 1,2and 3. ......cccoevvveeeeiriinnns 49
Hydrogen bonding interactions which are occurring between stacked ligands, shown in ball
and stick representation. Only one of the crystallographically independent molecules of 2 is
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Mass spectrum of [Eu(1)3](CF3SQs)z in MeOH (0.01 mM). Insert: experimental isotopic
distribution of [Eu(1)3](CF3503)% vs calculated. .....cccc.cviviiiii i ensrses e s 52

Infrared spectra of 1 and Ln(1)(CFsS0s)s:, where Ln = Eu®*, Tb* and La*'. Insert: zoom in of
carbonyl region, showing shift observed in C=0 from ligand to complex alongside the triflate
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TH NMR of 1 and La(1)s (Top), 2 and La(2)s (Middle) and 3 and La(3)s (Bottom) done in CDCls
and MeOD (9:1). Abbreviations: py for central pyridyl ring with P for para and M for meta
positions, t for 1,2,3-triazole ring, Bn for benzyl ring, Nap for naphthalene and x-CHz
indicates the CHz coordination to an identifiable group X......cccceeviiiviiicciiiicecieeecieen 54
({Top left) UV-visible absorbance spectra of ligands 1 (0.01 mM), 2 (0.01 mM) and 3 (0.005
mM) in MeCN. UV-visible absorbance spectra of ligand 1 (Top right), 2 (Bottom left), and 3
{Bottom right) in MeCN (0.001 mM) and their lanthanide complexes. Insert: zoom in of
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Luminescent spectrum of multilayer (54 layers) LB film of Eu(Bh)3:Tb(Bh)s (1:1). Image
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x-CHz indicates the CHz coordination to an identifiable group . ...ccccoiiiiiiciiceie 111
L% and Sm(L3¢)s complex (CIF of Tb(L3®)s complex unavailable). Adapted with permission
from B.-L. An, M.-L. Gong, M.-X. Li and J.-M. Zhang, J. Mol. Struct., 2004, 687, 1-6. Copyright

L0 o I Y 111
Calculated Th(5)s complex structure with Cs SYMmMELry. cccvveivevniininn e er s esseennne 112
Lanthanide complexes Ln(5)3 (a) under ambient light and (b) under shortwave UV irradiation
(Aex = 254 nm): left to right - Sm(5)3, Dy(5)3, Tb(5)3 @and EU(5)3. ceovrrrrmrrrriiniinienrerinesesrsssnnnes 113
UV-visible absorption of 5, and Ln(5)s where Ln = Eu3*, Tb*, Dy*, Sm*, Tm*, and La** (0.01
PV, IVIECN). <.t e e e s e seesseseee e s sesessaesaeeeeseeeeneseesenseseaeeseseeeren 113

Fluorescence spectra of Eu(5)z (Top) and Th(5)z (Bottom), with inserts of phosphorescence
emission spectra (0.01 mM, MeCN). Excitation wavelength of 275 nm and monitoring
wavelengths for excitation spectra 616 nm and 545 nm respectively......cocccvveeeceiinvnnennnn. 114
Fluorescence spectra of Sm(5)3 (0.01 mM, MeCN). Excitation wavelength of 275 nm and
monitoring wavelengths for excitation spectrum 602 NM. .......coeoiriiieirien e ee e eresaenes 115
Fluorescence spectra of Dy(5): (0.01 mM, MeCN). Excitation wavelength of 275 nm and
monitoring wavelengths for excitation spectra 480 and 574 M. ... veevnveeveecceienesnneenns 116
(Left) CIE 1931 chromaticity diagram with calculated CIE coordinates for emissions of Ln(5)z2
complexes (where Ln = Eu**, Tb*, Dy** and Sm3*) in 0.01 mM MeCN. Eu(5): x,y = 0.66, 0.34;
Th(5)a x,y = 0.30, 0.56; Dy(5)s x,y = 0.33, 0.38 and Sm(5): x,y = 0.62, 0.38. (Top right) CIE
diagram showing colour of different coordinates. Image and caption are adapted with
permission from E. F. Schubert, Light-Emitting Diodes, Cambridge University Press,










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































