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Molecular Orbital Calculations for Solid State
Absorption Spectra of Organic Dyes
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We studied absorption spectral shift of dyes, which have large x® values in spite of their small 7-

conjugation systems. These dyes have characteristics of large bathochromic shift of A, from

solution to solid state, and strong n—n interactions between molecular layers. CNDO/S and ab
initio methods were used to calculate this spectral shift. To reproduce spectral shift, the CNDO/S
program was modified by amplifying the intermolecular resonance integral term.

F—0—F: SFREHRE. RRZARS bL, &%, FRBESHE. STFMBEER

1. XL®IC

—RE0IC, FRERLIEM, K, FIRFu 0B
EBRHZ VIR E LTRAVWOIIRE, ARSFIX
BHEREDH SV IEBY FHEP S FRSBLERT
FETILEZLND. T0OL OB/, #
DGF—EL L TOWBICKBOBEFELTWS. ¢
BB, FRIERIEME, CD-REDa v a—
F—REFHOTEM B, ARELHESE L LTHVW O
554, HESHIVERARFIIORDWEE L
TAWLIS. #oTIDK 5881, AREKkL
LTEDY, BEHIVITEZERE LTORENESE

OH O H s
HR NHR 4 5
e L g
RH
H H
1; R=n-Bu 3; R=n-Bu 5
2;R=H 4;R=H

1 AWkeRoEs
Fig. 1 Structures of dyes studied.
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Table 1.

quinone dyes in CHCl, and solid state

Absorption spectra and x® values of

in CHCl, Thin film
Dye A /om A /om Alnm  x®/esu”
1 541 641 100 48x10 1
3 534 534 0 ~10-18
a)5 429 538 109 1.7x10°1

THG#Z AW TRIE Lk 3 RIERIEEHE
Measured by the third harmonic generation method
in vapor deposited thin film.
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Fig. 2 Structures of dye 2 for the spectral

calculations: (a) H-bond dimer; (b) CONH dimer; (c)

parallel dimer; (d) trimer.
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Fig. 3 Calculated absorption spectra of dye 4; (a)

monomer; (b) one of the nearest pairs. The spectral

curves were drawn with the Gaussian distribution
function.
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Table 2 Calculated A ., of the monomer, dimers and trimer of dye 2 by Gaussian 94 and CNDO/S

SE-CI/6-31G(d) CNDO/s? modified CNDO/S*b
Ao/ Dl A (AN} / eV] Aax/ nmLA_ (AR) 7 eV] Ao/ nml A (AN /eV]
Monomer 365[3.394] " 473[2.620] 473 [2.620]
Dimer
H-bond 374[3.314(-0.08) ] 488 [ 2.543 (-0.08) ] 489 [ 2.534 (-0.09) ]
CONH 377[3.293 (-0.10) ] 485 [ 2.557 (-0.06) ] 495[2.508 (-0.12) ]
Parallel 351[3.531(0.19) ] 452[2.741(0.12) ] 454 [2.734 (0.11) ]
Trimer . 486 [ 2.553 (-0.07) ] 497[2.497 (-0.12) ]

@ Configuration interactions were made with 100, 400 and 900 configurations for monomer, dimers

and trimer, respectively.

b)
When the atoms belong to different molecules to each other, the equation (2) was used for the

calculation of resonance integral.
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Fig. 4 Structure and schematic description of the tetramer of dye 5. Description of protons are omitted.
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Fig. 5 Absorption spectra of dye 5: (A) calculated
spectra, by the modified CNDO/S, of the monomer
(a) and the tetramer (b); (B) observed spectra in
chloroform (c) and of the thin film (d). The spectral
curves of (A) were drawn with the Gaussian

distribution function.
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