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D RNA: THE COMING OF AGE OF
IOMOLECULAR DYNAMICS

5
o][= antum mechanical calculations

“areb Sidered a sort of new spectroscopy,
being ly~recognized that the chemical and
structural” information they provide is often more
accessible and likewise reliable than that provided
by conventional spectroscopies”

M. Parrinello, Solid State Commun. 1997, 102, 107
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ovalency:

noble gas configuration;
LS
Lewis structures;

ualitative valence bond theory.

crystal field;

Inorganic c

ligand field.

Molecular Orbital Theories
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anostructures as model /&

Up synthesis of functional

- ° nanomaterials

s

d organic nanostructures of interest for:

- 60 2 3vices

- molecular electronics

- non-linear optical properties

- molecular recognition

- model systems for the study of biological activity
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e of interaction between two atoms,
SCi by the amount of covalent mixing

a_ ‘\. als.”

0, 33, 859

e

».
-

Covalency In"a spectroscopic sense is related not only to
metal-ligand orbital mixing ratios (the “symmetry-restricted
covalency”) but also to the distortions of the metal orbitals
upon bond formation (the “central-field covalence™)
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aysabsorption spectroscopy
L

&
, electric dipole forbidden (but
upole allc ved) 1s" = nd" transitions

¢

* ‘Iectric dipole allowed 2pM - ndV
tran gk

L K-edge: electric dipole allowed 1st = npt
transitions
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Cl K-edge XAS'spectra of [ZnCl,]> and D, Orbital energy diagram showing the
[CuCl,]*; inset shows'the d,° * HOMO of D,- ligand pre-edge transition.

[CuCl,]%.
W = 1/(1-052)‘@ 3dxz_yz>—a\Cl 3p)
Clls—> y’
* x\|2 2
Int(Cl 1s —° )= const‘(CI 1s[7y >\ ~ a*const|(Cl 1s[F|CI 3p)|

Ligand K-edge spectroscopy is a direct probe
of the covalency of a metal-ligand bond.
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plication of SO-RTD-DFT
D closed shell complexes

Y N(7R=C.H.)Cl,

The interest for this complexes has to be ultimately
traced back to two factors:

1) the catalytic activity of both mono- and bis -
cyclopentadienyl titanium(IV) complexes;

ii) the possible use of titanocene dichloride and
its water soluble derivatives as possible
alternatives to t he widely used heavy metal
based anticancer drugs.

Padova - 19 Dicembre 2007
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Kuetgens & Hormes DeBeer George et al.
SIF Conference Proceedings 1990, 25, 59 J. Am. Chem. Soc. 2005, 217, 667
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Univessitis dogle S tuds
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Absorption in a.u.
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Casarin et al. J. Phys. Chem. A 2007, 111, 24
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Casarin et al. J. Phys. Chem. A 2007, 111, 24
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Up synthesis of functional
- ° nanomaterials

s

d organic nanostructures of interest for:

¢

L

- se ) devices

- molecular electronics

- non-linear optical properties

- molecular recognition

- model systems for the study of biological activity
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>ting molecular self-assembly

r o“itioﬁf structure, symmetry and energetics
‘1 g ‘

R . substrate vs lateral intermolecular interactions

"-
. 'Iecul functi nalization
- chirality

Characterization tools

- SPM (STM)

- computational chemistry methods
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Ss00n (1 x 2) Pt (110):
room temperature deposition

,,-”;-

1.9 x 1.9 nm? DFT simulation
Tersoff - Hamann

62 x 62 nm? o
(nsgle DFT model: “M1 site”

Covalent bonding
Casarin et al. J. Phys. Chem. C 2007, 111, 9365
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3.1 x 3.1 nm?

Casarin et al. J. Phys. Chem. C 2007, 111, 9365
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III

Hofmanm) R.

I ther Intreduction to ™ /e new.chemistry”
Nina Hallfed:

Cambridge University Press, 2000
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pre-edge feature

(1-a?)V2|Cu d2.\ 2>
-aSALC(|Cl 3p>)

—+

Fay
= v g
£ E'T H-' s
g [cuc) |
g = | _1_1‘_ (1-=2)V2|Zn d::_],a::
N . -aSALC(|CI 3p>)
[ £

g T _"i_ Clis
< liznc )y

2815 2820 2825 2830 2835

Photon Energy (eV)

The principal ligand K-edge XAS experiment and illustrative experimental data for [CuCl,]*

and [ZnCl,].
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ligand field
splittings

pre-edge transition

Orbital energy diagram showing the
ligand pre-edge transition.
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Ligand K-edge spectroscopy is a direct probe
of the covalency of a metal-ligand bond.
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Ligand K-edge
L—M

Charge-Transfer

Acceptor MO - | *
(1-a*)*|M 3d>-a|L np>
Donor MO O
IL 15>
Transition
Density R

Transition

Dipole Moment =J
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-
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oo

a(l—a?)\2R

Comparison of the electric dipole intensity mechanisms for ligand K-edge

transitions and optical charge transfer transitions.
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* ‘Iectric dipole allowed 2pM - ndV
tran gk

L K-edge: electric dipole allowed 1st = npt
transitions
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ﬁ':}-"}',!. ‘ . SO'RTD'DFT
ed shell complexes

Ti(77°-C5H5)Cly

The interest for this complexes has to be ultimately
traced back to two factors:

i) the catalytic activity of both mono- and bis-
cyclopentadienyl titanium(lV) complexes;

ii) the possible use of titanocene dichloride and
its water soluble derivatives as possible
alternatives to t he widely used heavy metal

ased anticancer drugs.
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Correlation diagram of TiCl,, TiCpCl,, and TiCp,Cl,

frontier orbitals
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i
T : Iﬁstic two-component
ORA-TDDFT

: al.
em. Phys. 2005, 122, 204103

This method allows the calculation of excitation
energies and intensities for closed shell

molecules, including spin—orbit coupling and with
full use of symmetry.
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ORA-TDDF T

= CC onds to to square of the excitation energies

The oscillator strength f,can be exctracted from F,

iac,jbr = 05050ap (2 -
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