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Abstract Geometrical optimization was performed on the oligomers of (p-P),,, (m-P),,, (m-P)),, and (m-Py),(n=1~4)
using DFT/B3LYP method. The absorption spectra were calculated by ZINDO and TD-DFT. The rules for the
variation of the HOMO-LUMO energy gap and the increasing of maximal absorption wavelength with “n” were analyzed.
Based on these results, the corresponding properties of the polymers were obtained by extrapolation. ECL (effective
conjugated length) of the polymers was calculated by the regressive expression. ECL was shortened greatly due to the
meta-linked fashion of poly(m-phenylene). Compared with poly(p-phenylene), poly(m-phenylene) and derivatives hold

wider band gap, and its maximal absorption wavelength blue shifted about 130 nm.
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Fig.1 The molecular structure of the oligomers for computation
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Table 1 The optimized geometry parameters of the oligomers (bond length in nm, angle in degree)
n r(1,2) rn2,3) r(3,4) r(4,5) r(5,6) r(4,7) r(6,%) 0(3,4,7)  60(4,5,6) ©(34,7,8) 0(9,%6,5)
(p-P),, 1 0.13998 0.13976 0.14092 0.14092 0.13976 0.14875 12092 12092 -37.63
2 0.14088 0.13945 0.14090 0.14090 0.13944 0.14844 120.12  120.12 -36.01
3 0.14091 0.13943 0.14091 0.14091 0.14043 0.14842 120.12  120.12  -35.62
4 0.14091 0.13943 0.14091 0.14091 0.14043 0.14842 120.12  120.12  -35.93
(m-P)y, 1 0.13998 0.13976 0.14092 0.14092 0.13976 0.14875 12092 12092  -37.63
2 0.13969 0.13970 0.14082 0.14063 0.14063 0.14884 0.14879 12094 120.19 -38.37 142.67
3 0.13969 0.13969 0.14084 0.14063 0.14062 0.14884 0.14885 12097 120.19 -37.22 142.22
4 0.13969 0.13969 0.14084 0.14063 0.14061 0.14884 0.14884 12098 120.19 -37.27 142.39
(m-Py), 1 0.13992  0.14007 0.14163 0.14045 0.13978 0.14905 120.17  120.19 -50.11
2 0.13993 0.14008 0.14163 0.14042 0.13987 0.14912 0.14858 120.17 120.19 -50.14  144.52
3 0.13966 0.13997 0.14154 0.14016 0.14077 0.14916 0.14859 120.17 12290 -50.12 14543
4 0.13966 0.13997 0.14154 0.14015 0.14078 0.14917 0.14858 120.17 120.19 -50.14  144.82
(m-Py, 1 0.13979 0.13964 0.14104 0.14077 0.13972 0.14802 120.81 120.29  -140.17
2 0.13979  0.13964 0.14102 0.14076 0.13971 0.14805 0.14868 120.81 120.13  -140.15 142.86
3 0.13948 0.13958 0.14097 0.14049 0.14061 0.14809 0.14867 120.73 12223  -140.19 140.20
4 0.13948 0.13958 0.14095 0.14049 0.14061 0.14808 0.14867 120.76 12225 -140.20 142.62
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Table 2 HOMO-LUMO energy gaps (AE;uvmonomo=ELumo—Erowo) and the lowest excitation energies of the oligomers as a function

of reciprocal chain length n

n

1 2 3 4 5 ® Exp.
AE inonowl/eV (p-P)a, 5.42 4.48 4.17 4.04 3.96 3.57
(m-P)s, 5.42 5.09 5.02 5.00 5.00 4.95
(m-Py), 5.17 4.74 4.67 4.65 4.62
(m-Py), 5.30 4.89 4.83 4.81 4.76
E(TDDFT) (p-P)s, 5.11 4.21 3.87 3.73 3.66 3.28 3.401
(m-P)s, 5.11 4.89 4.81 4.78 4.79 4.68 4.740
(m-Py), 4.61 4.36 4.36 4.36 4.24 40317
(m-Py), 4.79 4.48 447 4.48 4.32 4.341
E/(ZINDO) (p-P)s, 4.69 4.02 3.93 3.87 3.82 3.57
(m-P),, 4.69 4.60 4.74 4.76 4.74 4.75
(m-Py), 4.71 4.50 4.52 4.53 4.43
(m-Py), 4.65 4.56 4.57 4.56 4.52
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Fig.2 The HOMO-LUMO gaps as a function of

reciprocal chain length n in oligomers
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Table 3 Estimation of effective conjugation length(ECL) by
HOMO-LUMO gap and the lowest excitation energy
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Table 4 The maximal absorption wavelengths (A, in nm) computed with the ZINDO,TD-DFT methods

A /M

n 1 2 4 5 ® Exp.

(p-P)a, TD-DFT 242.82 294.35 320.42 332.06 339.14 360.55 3801
ZINDO 264.27 308.73 315.68 320.12 324.26 340.63

(m-P)s, TD-DFT 242.82 238.05 248.98 256.81 257.55 257.13 2481
ZINDO 264.27 264.49 261.53 260.68 261.31 260.45

(m-Py), TD-DFT 238.80 252.43 259.82 259.24 267.59 25017
ZINDO 263.14 259.43 258.18 258.13 256.97

(m-Py), TD-DFT 242.75 256.14 255.90 258.97 264.42 256"
ZINDO 266.43 263.34 262.97 263.77 263.31
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Fig.3 The maximal absorption wavelengths as a function of reciprocal chain length n in oligomers
calculated by (a) TDDFF, (b) ZINDO
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