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- Förster resonance energy transfer (FRET) can promote 

luminescence downshifting and spectral management .

- By arranging a many-to-1 donor : acceptor dye ratio, light may be 

spectrally managed as a light harvesting structure .

Introduction and theory
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- Dye-labelled polystyrene microspheres reach ETE nearing 60%  for 

2:1  D:A ratios. Dyes in thin films achieve 78% as high as 100:1 .  

Thin-film dyes may use higher efficiency perylene-based dyes and 

are prepared in non-aqueous environments,  mitigating aggregation. 

Ask the author for further detail .

- Future work hopes to covalently attach novel perylene 

attachment dyes  onto aminated silica microspheres ,  which may 

tolerate higher concentrations and appropriate solvent systems.

- Further spectroscopic characterisation including time-resolved 

emission spectra  (TRES) and TR-anisotropy  are in development.

Results and Further work
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3D printing 

concentrators

- 3D printing  allows for the expedient 

testing of dyes, multi-dye-ratios, and 

light harvesting structures.

- Luminescent dyes  may be freely dispersed, or structured 

via covalent bonding (scheme 1 & 2) .

- Use steady-state  emission, time resolved (TR) 

fluorescence decays and fluorescence lifetime 

microscopy  (FLIM), to quantify energy-transfer 

efficiency (ETE).

FRET

Absorption

Emission

Dye-labelled 

polystyrene

Microsphere

(NOT TO 

SCALE) D → A FRET

I would like to thank Lancaster University for funding 

this project.

I also acknowledge collaborators – Masters students 

Sam Doyle, Hannah Hutchinson and Josh Leung whom 

contributed to dye-polymer thin film and 3D printing 

work. I also thank my supervisors.

Acknowledgements

Dye-polymer thin films

S c h e m e  1

S c h e m e  2

F i g u r e  1 :  

S p i n c o a t e d  

t h i n - f i l m ,  

r e d - 3 0 5  

( d o n o r )

Dye Chemistry
Donor Acceptor

Donor

Acceptor

Perylene red-305

(perylene 

tetracarboxylic diimide 

derivative)

Steric groups
Prevent aggregation

Attachment group
Isothiocyanate (amine-reactive)

Oxazine 720

(perchlorate)

Rhodamine B

ITC (RITC)Fluorescein ITC 

(FITC)

- Spincoat with PMMA in toluene.

5:1
100:1

Red (pure donor)

F i g u r e  2 :  

T i m e - r e s o l v e d  

f l u o r e s c e n c e  d e c a y s  o f  

t h i n - f i l m  r e d : o x a z i n e  

s a m p l e s .

Department of Chemistry
Lancaster University, LA1 4YB, UK

Figure 3:  1:1 ( lef t )  and 50:1 (r ight)  FITC:RITC Dye- label led 1 μm 

polystyrene microspheres.  Imaged using FLIM in an Olympus IX73 stage 

and PicoQuant  Microt ime 200 TCSPC hardware.  Fluorescence decay data  

inset  in the left  f igure,  including a 1:0 (pure donor)  FITC lead decay.

Dye-microspheres
- Covalent attachment of dyes to polystyrene 1 μm 

aliphatic-amine microspheres using thiourea linkers

- Suspend dye-spheres  in PVA and take FLIM images.
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