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Organic semiconductors / solar devices. Want properties of constituent
organic molecules before synthesis > Need better theoretical methods
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Anil Duggal, who heads yp GE Giobal
Research’s Organic Blectronics Project,
says sheels of organic ight-eméting
diodes, such 35 the one above, might be
the future of lighting.
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Compression of products of atomic orbitals
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example of reduction of products
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Application 1: Petersilka-Gossman-Gross equation for spectra
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Figure 13. The relaxed geomeatry of the chiorophyll-a mol-
ecule obtalned with the SIESTA package using a DZF basis
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Figure 14. Low frequency absorption spectrum of chiono-
phyll-a.



Application 2: Hedin’s GW for molecules in O(N?®) operations

~ 1965 Hedin’s equations, GW = zeroth order approximation
~ 1980 used for gaps of semiconductors in 1980
~ 2000 application to molecules Louie+Rohlfing

GW + BS instead of DFT + TDFFT for organic molecules
excitonic effects missed by TDDFT

a propagator

ix% W) = Y VG,V Gya(—t) BV v

step 1: EF !
1 ) w
screened Coulomb WHY () = N |
O(N3) 05 — vibx . (w)
b — -y raa’ Tl}- _.. ' e

step 2: selfenergy 20 = W Gay )V, W)

Go (W) = Gop(w) —Zg(w)

many operations O(N?) from locality

But : requires too much memory



Non local reduction of the dimension of the space of products
O(N) pairs

propagator

too much memory in y, (w)

O(N)*O(N) frequency dependent matrix

« all products are equal, but some products are more equal than others »

George Orwell, 1945
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AR Z XEvex -> strong linear dependence of V FF

V FF are O(N?) vectors in O(N) dimensions

O(N) pairs {E,F} must suffice In practice, only ~ 1/10 of O(N)
pairs important = 102 acceleration in screened Coulomb
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Conclusions

local basis in the space of orbital products of LCAO method gives
 First efficient solution of Petersilka-Gossmann-Gross equation

 First O(N?®) implementation of Hedin’s GW approximation for molecules -
should help in organic photovoltaics

details = Peter Koval’s talk
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