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Ultrafast Spin Dynamics in Organic Nanoparticles for Photovoltaics
Kudisch, B., Maiuri, M., Moretti, L., Scholes, G. (Princeton U., Chemistry) and McGill, S.A. (NHMFL/FSU)

Introduction
      Utilizing solar energy represents a solution to some of today’s most pressing world issues. Nevertheless, implementation difficulties such as device stability, conversion efficiency, and crucially economical industrial production are proving quite challenging for contemporary device engineers to bring this projected solution to the present. Organic photovoltaics (OPVs) have the potential to address several of these technological challenges, boasting inexpensive and less energy intensive fabrication protocols than those for crystalline silicon solar cells.  In this project, we aim to experimentally elucidate the role of coherent effects on photoinduced charge transfer in organic nanoparticles using ultrafast broadband pump-probe spectroscopy in high magnetic fields (~25 T).
Experimental


We used ultrafast broadband pump-probe spectroscopy implemented for use with the 25 T Split-Florida Helix magnet.  Our samples are nanoparticles of a metal-free base (H2Pc) and copper (II) phthalocyanine (CuPc).
Results and Discussion


Our data at 0T and 25 T are shown in Figs. 1a-d.  Nanoparticles of H2Pc and CuPc exhibit ultrafast internal conversion, as shown in Fig. 1b or ultrafast intersystem crossing, shown in Figs.1c and 1d.  This intersystem crossing corresponds to an ultrafast spin flip from an initial singlet state to a triplet state.
[image: image1.jpg]H2Pc CuPc C.2- aaaa
SO J @/K@
0 'Y ofesugden, . _ _ _ i _ ] i

Ultrafast
internal
conversion

Ultrafast P .
intersystem -4x10 "]
crossing

——0Tat100fs

—e-25Tat100fs
---0Tat1ps
-A-25Tat1ps o
1 s 1 L 1 L 1 L 1
520 540 560 580 600

Wavelength (nm)

10x10° H2Pc NP at 610 nm 0 -
—_—0T CuPc NP 565 nm
—_—25T 14 —_0T L
8 —_—25T
6 24 B
3 5 L
5 4
-4 o
24
-5 L
0
3
AP | (SR (RN | -6x10° ! L 1 ! L -
0.01 0.1 1 10 100 0.01 0.1 1 10 100 1000

Pump-probe delay (ps)

Pump-probe delay (ps)




Figure 1: Ultrafast pump-probe measurements on organic nanoparticles. (a): Structure of nanoparticles studied. (b): ultrafast internal conversion at 610 nm. (c): ultrafast intersystem crossing. (d): dynamics of intersystem crossing at 565 nm. 
Conclusions

We discovered that the ultrafast intersystem crossing in CuPc nanoparticles displays a finite magnetic field dependence at 25 T, observable over times up to at least 1 ps.
Acknowledgements

A portion of this work was performed at the National High Magnetic Field Laboratory, which is supported by National Science Foundation Cooperative Agreement No. DMR-1157490 and the State of Florida.  This work was also supported by The Princeton Environmental Institute and the NSF through DMR-1229217. 
