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Molecular Cluster Ions

B Microscopic model of ions in the condensed phase
B One of the best systems for investigating functions that ions achieve in

the bulk system

Charge distribution, solvation features, intracluster reactions
Cluster-size dependence of them

: B

Necessary to select one specific cluster size and apply
spectroscopic techniques to it

1!

Spectroscopy coupled with the mass spectrometry

Number density of mass-selected 1ons 1s very small!

1 cm3 of 104 mol/l solution — 6 x 10!7 ions
Number of mass-selected ions — ~ 107 ions



Mass-Selected Photodissociation Spectroscopy
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(CoHe),* () Photodi.ssociation spect.ra of
i)  + cluster ions can be obtained
dissociation CgHg as a function of cluster size.
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spectra.
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Today’s Topics

Static and dynamic features of the positive charge in benzene
cluster cations,

Solvation features and reactions of

Electronic and geometric structures and photochemistry of carbon
disulfide dimer anion,
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Aromatic Cluster Ions

B What we want to figure out for the clusters is ...

M Is the positive charge localized in one molecule?

Fragment Ion Intensity (arb. units)
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A strong band is observed at 10870 cm™!
(920 nm).

(This is not a transition originating from
the neutral benzene or the benzene

monomer ion.)
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characteristic of (C H),"



Charge Resonance Interaction
Charge Resonance Band

B Two degenerate states, (A, ")*d(A,) and ¢(A,)*dp(A, "), are coupled through

B An clectronic transition between the CR states is called a

B Appearance of the CR band suggests that
, and that

= (0.5)2¢(A")d(A,) +

(0.5)"2 op(A)*d(A, *)
CR e 0(A)) = 0(Az")
(in the near IR 1 ° 9‘ 3 -35’:

region) ¢(A'|+) ° (I)(AZ)
0.86 A

e

‘p+(AA)f A+ + A

Miyoshi et al.
Chem. Phys. Lett. 275, 404 (1997).




The question that arises now for this
system is ...

How 1is the charge distribution affected

by



Fragment Ion Intensity

Photodissociation Spectrum of (C,H,);*
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Similar to that of (C Hy),"

|

(C¢Hg);™ has a dimer 1on core structure
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IR Photodissociation Spectrum of (C,H,)s"

Ion core (C |—| ) +
(CHe' o 0" 673

Fragment (C H)," Intensity
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CH stretching region.

The spectrum can be reproduced by
a strong Lorentzian band and

On the basis of the dimer ion core structure of
(C¢Hg);", we assign
Lorentzian component — (C.H)," ion core

—

(The solvent benzene in (C,H,)," has an
absorption similar to that of neutral benzene.)



What occurs for the positive charge in
the course of photodissociation?

Binding energy (.67 0.27
(eV)

hv
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) ) dissociation . .
Dimer 10n core Photofragment dimer 1on

\/

Are these dimer ions identical to each other 7
Does the positive charge stay in the same pair ?

We investigate relationship between the dimer 1on core and the fragment dimer
ion by using C.D, molecule.
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IR Photodissociation Spectra of Benzene
Trimer Tons Having One or Two C/,D,
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Similar to that of (C H);"

Independent of fragment species monitored.

(CD stretching
~2300 cm™!)
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Interpretation of [(C,H,),*CD,]* Spectra

(CcHe), eeC D, (CcH2C D) eeeC H,

Band features
predicted.

(If fragment dimer ions are
identical to ion core species)

If fragment dimer 10ns are identical to 10n core species, the photodissociation
spectra observed by monitoring (C.H)," and (C.H*CD,)" should be different
from each other.

Resemblance of the spectra suggests that “

the trimer ion loses the information of the ion core pair in the (CeHy);"
course of the photodissociation.




Positive Charge Hopping in the Trimer

F
dissociation -

/ Positive charge hopping occurs\
in the excited states.

U

Three types of fragments are

\ equally produced. /

14



15

Proposed Mechanism of Positive
Charge Hopping
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' ‘ ‘ and [VR “ ’ Excitation of Charge hopping
. ' intermolecular

vibrations

Intracluster vibrations are initiated by the IR excitation.

When the solvent molecule accidentally gets to the side position of
the sandwich-type ion core, the positive charge hops to the new pair.



Conclusion (1)

M Benzene Trimer lon
¢ Dimer 1on core structure (C H), *e*C . H,

o Positive charge hopping occurs in vibrationally excited states.
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