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Ultrafast Vibrational Relaxation Dynamics of C=0 and C=C Stretching
Modes of Ethyl Acetoacetate in Deuterated Water and Cyclohexane
Liu, Yingliang Yang, Fan* Wang, Jianping*

(Beijing National Laboratory for Molecular Sciences, Molecular Reaction Dynamics Laboratory, Institute of Chemis-
try, Chinese Academy of Sciences, Beijing 100190)

Abstract As a prototype of both S-diketone and a,f-enone compounds, ethyl acetoacetate (EAC) has been known to exist
in multiple structures in solutions. In this paper, femtosecond infrared pump-probe spectroscopy was used to examine the
vibrational relaxation processes of the C=0 and C=C stretching modes, appeared in the region of 6 um wavelength (1600~
1800 cm ™' in frequency), of the EAC tautomers in deuterated water (D,0) and cyclohexane. Steady-state infrared spectros-
copy and quantum chemistry computations were used to understand the characteristics of these vibrational bands and their
line shapes. The results showed that in water EAC exists in the keto form, while in cyclohexane it exists in both keto and enol
forms, and perhaps in two possible keto forms. As a result of structural rigidity, the steady-state infrared absorption peak is
narrow for the enol form, suggesting mainly homogenous broadening; while those of the keto form exhibit the feature of both
homogenous and heterogeneous broadenings. The apparent infrared line shapes of the keto and enol forms were somewhat
different even in the same solvent. Population dynamics and anisotropy dynamics of the C=0 and C=C stretching mode
were obtained and examined by transient infrared pump-probe measurement. In D,0O, the vibrational energy relaxation rate of
the C=0 modes was found to be faster than that in cyclohexane, which can be attributed to the formation hydrogen bond
between EAC and solvent molecules. The vibrational relaxation process of the enol form was found to be different from that
of the keto form, which can be contributed to Fermi resonance interaction between the C=O stretching mode and the COH
bending mode. With the aid of the quantum chemistry calculations, it is concluded that there exists a fast vibrational popula-
tion equilibrium process between the C=0 and C=C stretching modes and the COH in-plane bending mode via Fermi
resonance. Anisotropy experiments showed a fast orientation dynamics for EAC in cyclohexane than in water, reflecting
different solvations. Further, quantum beating was observed in the anisotropy dynamics due to the coherence between the ss-
and as-modes, especially for the keto form, suggesting a coherent excitation between the related vibrational modes.
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Scheme 1 Tautomeric equilibrium of ethyl acetoacetate
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Table 2 Calculated energies, vibrational frequencies, intensities and anharmonicities of four structures of EAC with lowest energy in gas phase

1

B B B Anharmonicity/cm
Species Relative energy/(kJemol I) Frequency/cm ! Intensity/(kmemol l)
Aji Ajj
1626.6 ss* 305.7 13.1
Enol 1 0.0 19.0
1651.2 as 393.8 10.6
1637.8 as 279.9 6.5
Enol 2 21.2 —0.3
1742.3 ss 511.3 19.5
1757.3 as 249.5 10.2
Keto 1 11.0 19.7
1778.3 ss 203.4 9.9
1743.6 as 372.6 15.5
Keto 2 16.2 20.6
1773.6 ss 105.5 32.9

“ as is short for the anti-symmetric stretching modes, and ss for the symmetric stretching mode.
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Figure 4 Transient pump-probe spectra of EAC in water (A) and in
cyclohexane (B) at selected delay times
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Figure 5 Population dynamics and their fittings of the C=0 and C=C stretching of EAC in water and cyclohexane
A, B: keto form in water; C, D and E: keto form in cyclohexane; F, G: enol form in cyclohexane
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Figure 6 Fitted results of anisotropy dynamics of EAC in water
A, B: keto form in water; C, D: keto form in cyclohexane; E, F: enol form in cyclohexane
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Table 4 Fitted results of anisotropy dynamics of EAC in water and cyclohexane
Solvent Probe frequency/cm7l A t/fs Av/em™! H/fs A, t/fs
1682 0.19 73264 45.5 289+ 66 0.16 1262642392
Water 1737 0.19  1001+305 333 3724293 0.19 9284 +3246
1623 0.22 1457262 229 345£111 0.15 2677£500
1660 0.18 1184+586 28.2 438+396 0.15 5327£2800
Cyclohexane
1709 0.20 21261418 15.7 556187 0.20 826612352
1754 0.20 12991774 25.7 360233 0.22 3464 £751
“Calculated from the period of the oscillation decay.
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