GPU Accelerated Quantum
Chemistry: A New Method to
Determine Absorption Spectra
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Photoactive Yellow Protein (PYP)
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Accuracy vs. Cost
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GPU Acceleration
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Tensor Hypercontraction (THC)

Electron Repulsion Integral (ERI):
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GPU Accelerated THC-CC2
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GPU Accelerated THC-CC2
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GPU Accelerated THC-CC2
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GPU Accelerated THC-EOM-CC2 Timings
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Basis Set: cc-pVDZ
Number of Grid Points per H,O Molecule: 220
GPU: NVIDIA S2050s



Absorption Spectra Benchmark

Photoactive Yellow
Protein(PYP) Chromophore
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QM/MM PYP Absorption Spectra

* Experimental: wild-type

PYP
100 geometries sampled
from 100 ns of a DFT ool T & T T T ]
trajectory 2 Sosime
— 2 excited states per
geometry 80
— protein environment ©
« TDDFT g ®
— 6-31G*, wPBE S
~/ =35leV+004 <
* THC-EOM-CC2 20
— cc-pVDZ
— 0.04 eV shift 0

24 26 28 3 32 34 36 38 4
Energy (eV)

C. M. Isborn, et al., JCTC, 7, 1814 (2011).
B. Borucki, et al., J. Phys. Chem B, 109, 629 (2004). 11



Acknowledgements

Todd Martinez
Ed Hohenstein
Rob Parrish
Chenchen Song
Lee-Ping Wang
Victor Anismov
Christine Isborn
NCSA Staff
Martinez Group

This research is part of the Blue Waters
sustained-petascale computing project, which
is supported by the National Science
Foundation (awards OCI-0725070 and ACI-
1238993) and the state of lllinois. Blue Waters
is a joint effort of the University of lllinoisat
Urbana-Champaignand its National Center for
Supercomputing Applications.

12



