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Introduction
Semiconducting single walled carbon nanotubes (s-SWNT) are known for their high charge carrier transport. Thus, they are promising electron transporting 
materials for photovoltaic (PV) active layers of organic solar cells (OSCs). An increase in efficiency is found by adding s-SWNTs next to a donor (D) and acceptor 
(A) heterojunction such as P3HT and PCBM[1]. Transient pump-probe spectroscopy is used to follow the exciton dynamics through s-SWNTs and active layers. 
However, such multi-component spectra are difficult to interpret. Especially, the origin of the photoinduced absorption (PA) feature is still discussed [5-7]. To 
disentangle the various processes, we employ linear response time-dependent (TD) density functional theory (DFT) within the random phase approximation 
(RPA) to model the measured transient pump-probe spectra for (6,5) and (7,5) SWNT and bulk P3HT/PCBM/SWNT samples. We show, that the PA originates 
from a blue shift of the E11 transition after pumping. 
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Methodology
All calculations have been performed 
with the DFT code GPAW[2] using a 
DZP LCAO basis set[3], and the PBE 
exchange & correlation-functional[4]. 
The excited state was calculated by 
fixing the total magnetic moment of 
the system to 2 μB (triplet) followed by 
exchanging the spin channels for 
electrons n > Ne/2 (singlet).
Pump/probe and transient spectra of 
the lowest singlet excited state (E11) 
was obtained from the linear TDDFT-
RPA response of the ground/excited 
state and their difference.

Photoinduced Absorption within SWNT Systems
L. N. Glanzmann1, D. J. Mowbray1, and A. Rubio1,2

pocaontas-network.eu

Conclusion
We were able to qualitatively reproduce the tranisent pump-probe spectra of 
the SWNTs E11 ransition. Our results confirm that the observed PA feature is 
due to a blue shift of the E11 transition produced by band gap opening within 
the spin channel, which is induced by the electron and hole stabilization of 
the other spin channel. Further, we show that the intensity of the PA feature 
depends on the amount of charging within the system and the width of the 
peak. The latter corresponds to the inverse lifetime of the exciton.  We 
suggest the hole transfer from the P3HT to the SWNT to be the reason for 
the increase in the bulks exciton lifetime, which causes a more intesne PA 
feature compared to the SWNTs sample.
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Left: Time resolved transient absorption of SWNT sample (a), and P3HT/PCBM/SWNT bulk (b)[1].
Right: Absorption spectra (a) and transient absorption spectra (b-d) of SWNT sample (black), 
P3HT/PCBM/SWNT bulk (red), ref 5 (blue), ref 6 (cyan), ref 7 (magenta).
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TDDFT-RPA Results

 
The model for the P3HT/PCBM/SWNT bulk with a 
perpendicularly aligned planar s-trans polythiophene 
(PT) without side chains as a simplified model for 
P3HT. The relaxed molecules were positioned ~3.3 
Å apart.

Transient Pump-Probe Spectroscopy
A/C: TDDFT-RPA absorption of the ground 
/excited state (violet/green), TDDFT-RPA 
transient absorption (black/red) of (6,5) 
SWNT (solid), and P3HT/PCBM/SWNT bulk 
(dashed), and (7,5) SWNT (dashed-dotted).
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B: TDDFT-RPA transient absorption with 
different peak widths of (6,5) (solid) and (7,5) 
SWNT (dash-dotted).W
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D: Electron (blue) and hole 
(red) densities from the 
DFT total electron density 
difference between triplet 
and ground state.
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