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Ground- and Excited-State Properties of [Pt,(P,OsH,),]*
and [Pt,(P,0,CH,),]*: A Theoretical Study
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Abstract: Ab initio MP2 and CIS methods were employed to optimize the ground- and excited-state structures of
[Pty (P,0sH,),]* and [Pty (P0,CH,)4]*, respectively, where the two structurally analogous complexes have an oxygen
atom and a methylenic group in the ligand bridge. The Pt-Pt distances calculated in the ground state are 0.290 5
and 0.298 7 nm, which are in accordance with experimental values of 0.2925 and 0.298 0 nm, respectively. The
stretching vibration and bond order between the two Pt atoms indicate that the Pt-Pt interaction is attractive in
nature. Upon excitation the Pt-Pt contraction trend is well reproduced in the CIS calculations. On the basis of the
excited-state structures, TD-DFT achieved the result of the solution emissions at 449 and 475 nm, agreeing with

experimental values of 512 and 510 nm, respectively.
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Table 1 Optimized geometry parameters of [Pt,(P,OsH,),]* (pop) in the ground state

Methods MP2 B3LYP

Basis sets LANL2DZ SDD LANL2DZ SDD Exp-
Bond length / nm

Pt-Pt 0.290 5 0.288 4 0.305 6 0.303 8 0.292 5

Pt-P 0.237 3 0.236 1 0.239 7 0.239 5 0.232 0

P-OH 0.166 2 0.165 7 0.164 0 0.164 0.157 9

P=0 0.157 6 0.157 4 0.157 5 0.157 4 0.151 9

P-Ob 0.171 2 0.170 8 0.169 5 0.169 6 0.162 3
Bond angle / (°)

P-Pt-P 176.2 175.8 178.2 177.9

P-Pt-Pt 91.9 89.9 90.0 90.0 90.7

P-Ob-P 127.0 127.0 135.0 134.3 133.3
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Table 2 Optimized geometry parameters of [Pt,(P,OsH,),]* (pop) and [Pt,(P,O,CH,),]* (pcp) using the MP2
method for the 'A, ground state and the CIS method for the A, excited state

Parameters pop pep
'A, Exp. 'A, Exp. A
Bond length / nm
Pt-Pt 0.290 5 0.292°5 0.288 1 0.298 7 0.298 0 0.295 7
Pt-p 0.237 3 02320 0.240 5 0.236 8 0.232 8 0.240 6
P-OH 0.166 2 0.157 9 0.161 6 0.169 6 0.160 8 0.164 8
P=0 0.157 6 0.1519 0.153 5 0.159 4 0.153 0 0.1551
P-0,/C 0.171 2 0.162 3 0.165 1 0.186 9 0.184 8
p---P 0.306 3 0.298 0 0.303 4 0.318 9 0.316 2
Bond angle / (°)
P-Pt-P 176.2 175.1 175.1
P-Pt-Pt 91.9 90.7 925 91.8 92.4
P-0,/C-P 127.0 1333 117.2 117.1 117.6
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Fig.1  Structures of pop (a) and pep (b)
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Table 3 Calculated emissions (nm / eV) of pop and pcp in the gas phase and aqueous solution

pop pep
Gas Solution Gas Solution

CIs 329 /3.76 331/3.74

TD-DFT 444/ 2.79 449 / 2.76 465 / 2.66 475/ 2.61

Exp. 512/ 2.40 510 /2.43
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