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Geminate Recombination Dynamics 
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Figure 1. Kinetic plot for the 17-electron radical CpW(CO)3
● in neat CH2Cl2 

 
     In the initial tens of picoseconds after laser photolysis of [CpW(CO)3]2 in neat CH2Cl2, the nascent 
17-electron radicals CpW(CO)3

● exhibit two dynamics, vibrational cooling and geminate 
recombination to reform the parent dimer. Figure 1 shows a kinetic plot of the 17-electron radical 
kinetics from spectral data in the range of 1970 to 2005 cm−1. A wide spectral range is used to capture 
the absorption of both the vibrationally excited and cooled 17-electron radicals and hence limit the 
effect of vibrational cooling on the kinetics. Nevertheless, the dynamics of vibrational cooling and 
geminate recombination are difficult to separate and exponential fits to the data yield a rise time of 4 
± 2 ps and decay time of 52 ± 16 ps. The exponential rise is attributed to vibrational cooling and 
exponential decay to both vibrational cooling and geminate recombination of the radicals. The 
kinetics thus indicate that both processes are complete within ca. 50 ps in neat CH2Cl2. 
     Photolysis of [CpW(CO)3]2 causes depletion of this molecule, resulting in negative absorption 
signals, or bleaches.  Within the first 50 ps following laser photolysis, geminate recombination of the 
photo-generated 17-electron radicals, CpW(CO)3

●, regenerates the [CpW(CO)3]2 molecule, causing a 
recovery of the bleach signal. Figure 2 shows the kinetics of bleach recovery in neat CH2Cl2 and 1.6 
M P(OMe)3 with CH2Cl2. Single exponential fits to absorption data recorded at 1910 cm−1 yield 
recovery time constants of 36 ± 2 ps and 21 ± 2 ps for CH2Cl2 and P(OMe)3 / CH2Cl2, respectively. 
Spectral overlap of the 17-electron radical absorption and the bleach, however, limits the reliability of 
these kinetic traces. The decay of 17-electron radicals and recovery of the bleach in neat CH2Cl2 are 
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roughly correlated, with differences most likely due to spectral overlap and effects of vibrational 
cooling.  Recovery of the bleach in P(OMe)3 / CH2Cl2 gives a shorter time constant than in neat 
CH2Cl2 and suggests that geminate recombination occurs for a shorter time in the presence of 
P(OMe)3. This difference may be attributed to the formation of 19-electron intermediates from the 17-
electron radical in these solutions. 
     Disproportionation as a result of in-cage electron transfer between the 17-electron and 19-electron 
species occurs up to 140 ps after laser photolysis. Geminate recombination is also an in-cage process 
yet occurs on a time scale of ca. 50 ps. The disparity in time constants for the two processes suggests 
that geminate recombination of the 17-electron radicals is more sensitive to the distance between the 
radicals than in-cage electron transfer. Geminate recombination necessitates that the radicals are 
sufficiently close and properly oriented to reform the metal-metal bond. Disproportionation, on the 
other hand, only requires sufficient electronic coupling between the two radicals to allow electron 
transfer. Reorientation and separation of the radicals within the first 50 ps likely prevents formation of 
a metal-metal bond while electron transfer still remains a viable reaction pathway. 
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Figure 2. Kinetic plots for [CpW(CO)3]2 in a) neat CH2Cl2 and b) 1.6 M P(OMe)3 with CH2Cl2 
 
References 
 
20. Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; 
Montgomery, Jr., J. A.; Vreven, T.; Kudin, K. N.; Burant, J. C.; Millam, J. M.; Iyengar, S. S.; Tomasi, 
J.; Barone, V.; Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A.; Nakatsuji, H.; 
Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; 
Kitao, O.; Nakai, H.; Klene, M.; Li, X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken, V.; 



 S3

Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; 
Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.; Voth, G. A.; Salvador, P.; Dannenberg, J. 
J.; Zakrzewski, V. G.; Dapprich, S.; Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, 
A. D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.; Clifford, S.; 
Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, I.; Martin, R. L.; Fox, 
D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.; 
Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; and Pople, J. A.; Gaussian 03, Revision B.04; 
Gaussian, Inc.: Wallingford CT, 2004. 


