Molecules undergoing extreme rotation
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Laser-induced molecular alignment probed by a
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Abstract. We have studied the multielectron dissociative ionization of CQ using a linearly
polarized YAG laser delivering 10'* W cm™? at 1064 nm, with a pulse duration of 30 ps. By
firing two identical laser pulses, with crossed polarizations and a time delay of 800 ps, we
show that an intense laser field forces all the molecules to align along its polarization

vector.
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Figure 2. Angular distribution of the main fragments observed
in the Multi Electron Dissociative lonization (MEDI) of CO
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Alignment and Trapping of Molecules in Intense Laser Fields

Bretislav Friedrich and Dudley Herschbach
Department of Chemistry, Harvard University, 12 Oxford Street, Cambridge, Massachusetts 02138
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The anisotropic interaction of the electric field vector of intense laser radiation with the dipole
moment induced in a polarizable molecule by the laser field creates aligned pendular states.
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Rotate the angular trap — GIVES BIG J
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Strong infrared fields can be used for controlled spinning of molecules to very high angular
momentum states. The angular momentum acquired can be sufficient to break molecular bonds.
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Forced rotation of Cl, in an Optical Centrifuge
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FOR LINEAR HCN: V/(Rcu,Ren) =V (Reu, Ren) + B(Rew, Ron)J(J + 1)

J=0
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In Theory ....

At J=0
D., =10.6 eV

D.,, =5.7¢eV
H-C + N

Using A = 800nm. Pulse = 6 fs — coherent band with Aw = 72 THz.
This gives QQ__=Aw/2 > 20 THz.
Need this for E_, (classical) = 1972 > Dy
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Selective dissociation of the stronger bond in HCN using
an optical centrifuge
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Rotational Energy Level Clusters
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CH, 8-fold and 6-fold clusters
H,O 4-fold clusters (E,,)
Rotational energy surfaces and clusters

Local mode theory and clusters

H,Se 4-fold clusters observed
H,Se 4-fold cluster theory (E,,)
H,X 4-fold cluster symmetry

H,Te 4-fold clusters (exp and theory)

Review paper on 4-fold clusters

Review paper on LMT and clusters
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INVITED PAPER
An introduction to the theory of local mode vibrations
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A description is given of highly excited rotational andf/or vibrational states of molecules in
terms of localized vibrations or local modes. It is a didactic paper. making an attempt to unify
the ideas and notations of the key publications on the subject in a manner that treats the

vibrational and rotational motions equally and that demonstrates the importance of molecular
symmetry.

Emphasis is put on explaining the intimate relationship

between local mode vibrations and the formation of
both vibrational and rovibrational energy level clusters.




H,Te Rigid Rotor Energy Levels [E(Jxake)-E(J;0)]




Actual H,Te Energy Levels [E(Jx.k)-E(J50)]
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Ucluster = A1 © A2 & B, & By
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Kinetic Tunneling
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We can write

1R) = 2 (141) +4a) +|By) + | Ba))

For one form (12), E*, and (12)* are not feasible. A dynamical barrier”.

Thus the MS group is just {E} for each form and it must be chiral.



WHAT ARE THE LIFETIMES OF SUCH “"DYNAMICALLY"” CHIRAL STATES



at t=0

Using

1R) = 2 (141) +4a) +|By) + | Ba))




Probability of being in |[1R> at time t is:
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Time for probability to have decreased to 1/2
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Half-life as function of J
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