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Multiphoton Absorption in Expanded Porphyrins
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Abstract:  We have calculated the multiphoton absorption cross-sections for three expanded porphyrin derivatives
using the sum-over-states-involved tensor approach in combination with the strongly correlated multireference
determinant single- and double-configuration interaction method. The calculated results showed that the two- and three-
photon energies corresponding to the first peak of the multiphoton absorption spectra showed a decrease (red-shifted)
with the number of inserted thiophene groups, whereas the cross sections showed a remarkable increase, particularly

for three-photon absorption cross-section. However, the larger twist of the molecular plane for the expanded molecule
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resulted in an obvious drop in the increasing trend for three-photon absorption cross-section.
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Multireference determinant configuration interaction method
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Table 1 Molecular ground-state geometries optimized by B3LYP/6-31G* method
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Fig.1 MRDCI/INDO calculated one-photon
absorption spectra for the three molecules

Experimental spectrum™ was given in the inset of (c) for comparison.
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Fig.2 MRDCI/INDO calculated two-photon absorption
spectra for the three molecules
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Table 2 Two-photon energies (iiw) and cross-sections (o) at the first peaks of the spectra for the three molecules,
the dominant channels and their corresponding absolute values of the transition matrix elements

Molecule hwleV 10”0, /(cm"+ s+ photon™) Channels® S
hexaphyrin 111 257 S SZ( 1'98) —a— S_;( 2'21) 68.0
: 0.87 = -0.01
So 17).C|5 (?ZZ) 4.;5 ‘(_j;l ) 434
octaphyrin 0.89 308 S S_;(rl 70 — z B 76) 774
: \0. 87 -0.01
2.46 1.76
T 1 57) 567 -0. 01) 9
2.10 1.47
decaphyrin 0.74 483 So—=— 1727 1 36) W S 01) 142.2
= S'((l)j:) o '(\ —(t.'(A)r: ) 07
S.,—'v> SK(’Q.I()) x Sz(’1.48) 309
17.27 136/ 703 10.00

* The value below the arrow line is the transition dipole moment or difference of state dipole moment (in 10™ C+m), index x, y, or z
above the arrow line denotes the direction of the dipole moment; the two values in parentheses represent the excitation energy (up)
and the detuning energy (down), both expressed in eV.
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Fig.3 MRDCI/INDO calculated three-photon
absorption spectra for the three molecules
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states involved in summation in the tensor approach
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