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DFT Studies on the Luminescent Pt(I) Complexes Containing Conjugated Acetylide Ligand
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Abstract: The properties of electronic structures in the ground and excited states and emission spectra of Pt(ppy)(C=C),
Ph  (ppy=6-phenyl-2,2'-bipyridine, n=1~6) were explored by using the DFT and TDDFT method, respectively. The
calculations revealed that the lowest energy emissions of 1~3 were assigned as arising from the combinational
transitions of *[7*(ppy) — Pt(5d), 7 ((C =C),Ph)| charge transfer (LMCT/LLCT), whereas those of 4~6 mainly
originated from ‘7 — 7* (’ILCT) transition localized upon the (C=C),Ph moiety and perturbed by some °LLCT.
It was predicted that, with increasing the chain length, the electrons transition would completely come from the 7r*

transition in C,> chain.
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Table 1 Optimized ground- and excited-state geometries of 1~6 (nm)
n=1 n=2 n=3
A’ A A A A’ A A’ A A

Pt-C1 0.196 0 0.190 8 0.005 2 0.195 4 0.189 2 0.006 2 0.195 1 0.189 3 0.005 8
Cl1=C2 0.122 8 0.125 4 -0.002 6 0.123 3 0.126 6 -0.003 3 0.123 6 0.127 1 -0.003 5
C2-C3 0.142 6 0.140 0 0.002 6 0.136 0 0.1323 0.003 7 0.135 1 0.130 7 0.004 4
C3=C4 0.122 4 0.124 4 -0.002 0 0.123 1 0.126 4 -0.003 3
C4-C5 0.142 1 0.140 0 0.002 1 0.135 2 0.131 7 0.003 5
C5=C6 0.122'5 0.124 5 -0.002 0
C6-C7 0.142 0 0.139 9 0.002 1
C7=C8
C8-C9
C9=C10
C10-C11
Cl1=Cl12
C12-C13
Pt-N1 0.205 8 0.202 9 0.002 9 0.205 8 0.203 6 0.002 2 0.205 8 0.204 3 0.001 5

n= n= n=

A’ A A A A’ A A’ A A
Pt-C1 0.194 9 0.190 4 0.004 5 0.194 7 0.191 5 0.003 2 0.194 5 0.190 7 0.003 8
Cl1=C2 0.123 7 0.126 9 -0.003 2 0.123 8 0.126 3 -0.002 5 0.123 9 0.126 6 -0.002 7
C2-C3 0.134 8 0.130 4 0.004 4 0.134 5 0.130 8 0.003 7 0.134 4 0.131 1 0.003 3
C3=C4 0.123 4 0.127 3 -0.003 9 0.123 6 0.127 3 -0.003 7 0.123 7 0.127 5 -0.003 8
C4-C5 0.134 3 0.129 9 0.004 4 0.1339 0.129 5 0.004 4 0.133 7 0.129 1 0.004 6
C5=C6 0.123 3 0.126 6 -0.003 3 0.123 6 0.127 7 -0.004 1 0.123 8 0.127 5 -0.003 7
C6-C7 0.1350 0.131 8 0.003 2 0.134 0 0.129 8 0.004 2 0.133 7 0.129 8 0.003 9
C7=C8 0.122'5 0.124 4 -0.001 9 0.123 3 0.126 5 -0.003 2 0.123 7 0.126 2 -0.002 5
C8-C9 0.142 0 0.140 2 0.001 8 0.1349 0.132 0 0.002 9 0.133 9 0.130 8 0.003 1
C9=C10 0.122 5 0.124 2 -0.001 7 0.123 4 0.125 4 -0.002 0
C10-C11 0.140 0 0.001 9 0.134 8 0.1313 0.003 5
Cl1=CI12 0.122'5 0.124 8 -0.002 3
C12-C13 0.141 9 0.138 6 0.003 3
Pt-N1 0.205 9 0.204 8 0.001 1 0.206 0 0.205 2 0.000 8 0.206 0 0.205 0 0.001 0
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Table 2 Natural charges on 1~6

1 2 3 4 5 6
Pt 0.624 0.630 0.632 0.634 0.635 0.687
Cl -0.273 -0.230 -0.208 -0.194 -0.185 -0.207
Cc2 -0.165 -0.222 -0.232 -0.236 -0.238 -0.217
C3 -0.024 0.020 0.034 0.044 0.038
C4 -0.008 -0.073 -0.082 -0.085 -0.083
C5 -0.051 -0.009 0.006 0.009
C6 0.025 -0.042 -0.05 -0.054
C7 -0.060 -0.018 -0.006
C8 0.045 -0.024 -0.036
C9 -0.065 -0.023
C10 0.058 -0.013
Cl1 -0.067
C12 0.052
Total C, chain charge -0.438 -0.484 -0.519 -0.544 -0.557 -0.616
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Table 3 Emission data for 1~6

Transition Configuration proportion / % Character A/ nm Exp*
1 AT A 178" — 16a" (99%) ppy — P, ppy = C.> 582 570
2 AT A 18a" — 17a" (99%) ppy — Pt ppy = C.> 571 561
3 AT A 192" — 18a” (99%) ppy — P, ppy — C.> 559 557
4 AT A 20a" — 19a” (99%) ppy — G2, m — a* (C) 612 589
5 AT A 21a" — 20a" (99%) ppy — G2, m — a* (CF) 667
6 AT A 228" — 21a" (99%) ppy — G2, m — a* (C7) 695
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Fig.2 Single electrons density diagrams related to the excited state of 1~6
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