IR —ZFEBTEDADRFEEFDIGH
(BEMAXRZEIZE) hH B

TEOEIREFGROBIBIZELY , /7 FAF %Ky 7 EERSG TR LTH EREE 7
BEFERIEN AR E RV O9Oobh D, L L, BT EFRENGELNI =R AL —|IH—D&ET
b, ZXLXF—BEREZNH TOZRN XL 2t Z LITRETH S, FxBRELE
Energy Density Analysis (EDA)IZ, HF/DFT &5 T H 1 5 2 1L X — 2 AR 12 0 E13 2 i 70
fAT TETH %, ZTNE TV OPOBRITEN T2 Z L I2 &V (EDA DA M2 i) 0 TS 72[1-4],
S 612, Fx 1L EDA DML IRT 572012, HliEmpes b iat L Tnd, BIRAIZIE,
(D MM 5 & O AAER O53%] : EDA 12X 0 . MM $A77E FIZE 1 5 QM #43 OT HLF — % 5K
by ZHITEY ., A A UAERICEBIT D Madelung RT3 v VAFAE F D 2 5 A X —=° SCRF 1%
R EDEENRAEZBR LG OWE DT XX — 2 a4 5,

Q) MHEEH= X —0EE L DAY : Kitaura-Morokuma, RVS, CSOV £ & OFEFIZ LD,
e X O HYESX) * 3 A(PL) « BT B EN(CT) D AAH AR = kL F — AU I3 BT 5,

() MEFEIA~ND TRV F—DHE : ZTHE THFIZORZE L W F—%, JFFRICH
SEIT D X o IcHEEAE L, LR E ORISR 2,

4) B FIE L OFLA Y @ ab initio molecular dynamics (AIMD){E & OFATIZ LV | JR T OHE)
A7 FR 2 FERI AR ET 3 2,

(5) EFHIBIFR~DFLEE : CI, SAC(CC), MP 1AL %3 5 i A\
RMBLOT R T MU LY . T_RTOBEFRIER R i
wmiod s EEES. T i S

______________ H
(6) JibERIREEPRER ~DHLHE : CIS, TDDFT, SAC-CI £ %4 H\ s H\S/ S/i 2L
BEMEBLOT /T MEC LY . RIS =% A \>X§»\£\w“

X —BEN R E A, oo /_S—l ‘Si\‘H' ———— I3L
RAFETIE, ZNHOFERORBRIINZ T, W< OhO m&% _______________ IA
SRBIE R T ETH S, Bl LT 2Tl Si(100)#if N\

DET IV SigH)p 12 CO BRAET DBEOMAFEH =R VT —%, - ,
- _ e oA g . Fig. 1. Geometry of asymmetric
ERE@NC LY AV A MIoEI L7256 ORRZ T 7(FR 1), adsorption of CO onto a SigH, cluster.

Table 1. EDA/RVS results for CO/SigH1, system (in kcal/mol).

ESX PL CT Sum Full

S A S—A A—S variational

Adsorbate (A) O 2.2 -0.2 6.8 1.2 1.7 7.3 7.0
C 37.8 -24.7 -15.5 -22.7 30.0 4.9 13.8

Surface (S) 1L 41.1 6.4 9.7 -1.6 -51.4 -15.2 -17.6
2L -5.1 1.2 -1.3 7.7 -5.6 3.2 -11.9

3L 2.1 0.5 0.0 1.2 -0.7 -1.1 0.9

4L -0.3 0.0 -0.2 0.3 -0.1 -0.3 -0.8

Total 69.3 -16.8 -20.0 -14.0 -26.2 -7.7 -8.5

[1] H. Nakai, Chem. Phys. Lett., 363, 73-79 (2002).

[2] H. Nakai, K. Sodeyama, Chem. Phys. Lett., 365, 203-210 (2002).

[3]1Y. Kawamura, H. Nakai, Chem. Phys. Lett., 368, 673-679 (2003).

[4] H. Nakai, K. Sodeyama, J. Mol. Struct. (THEOCHEM), 637, 27-35 (2003).
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An extended hybrid density functional with accurate electronic and
thermodynamic properties of molecular systems and improved
intermolecular interactions in van der Waals complexes

Xin Xu ** and William A. Goddard 111°
 State Key Laboratory for Physical Chemistry of Solid Surfaces; Center for
Theoretical Chemistry; Department of Chemistry, Xiamen University, Xiamen 361005,
China.
® Materials and Process Simulation Center, Beckman Institute (139-74), California
Institute of Technology, Pasadena, California 91125

The development of accurate functionals has made Density Functional Theory
(DFT) the method of choice for first principles predictions of fundamental processes
in materials ranging from metal alloys to semiconductors, to ceramics, to new
catalysts. Despite this progress, there remain serious limitations in DFT theory. Thus
the B3LYP method achieves a high accuracy (0.13 eV) for thermochemistry (heats of
formation of the 148 molecules in the G2 reference set), but it predicts that the noble
gas dimers are unstable. The PW1PW hybrid method leads to less accuracy (0.23 eV
for G2) and far too strong bonding in noble gas dimers (~7 times the correct answer
for He,), and indeed leads to very strong bonding even when the functional for
electron correlation (which is responsible for London dispersion forces) is omitted.
Similar results are obtained for other functionals of this class (mPW, PBE),
suggesting that these exchange functionals include some correlation effects, making it
difficult to combine them with true correlation functionals.

The particular application motivating us to reexamine the functionals in DFT is
the possibility of genome-wide structure-based drug design. The genomics revolution
is providing an opportunity for computation and theory to help develop new
generations of drugs (agonists and antagonists) that are both very active and very
specific (binding maybe to just one protein out of all the proteins of life so as to
minimize toxic side effects). However, for theory and computation to play this role,
it is essential that the non-covalent interactions of ligands to proteins be accurately
predicted. Thus it is essential to accurately describe: London dispersion forces (van
der Waals attraction) along with electrostatic and hydrogen bond interactions. The
current generations of DFT methods do not provide this accuracy.

We derive the form for an exact exchange energy density for a density decaying
with Gaussian-like behavior at long range. Based on this, we develop the X3LYP
extended functional for density functional theory to significantly improve the
accuracy for hydrogen-bonded and van der Waals complexes while also improving
the accuracy in heats of formation, ionization potentials, electron affinities, and total
atomic energies (over the most popular and accurate method, B3LYP). X3LYP also
leads to a good description of dipole moments, polarizabilities, and accurate s to d
excitation energies for transition metal atoms and ions. We suggest that X3LYP will
be useful for predicting ligand binding in proteins and DNA.
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Molecular Structures and Excited States of CpM(CO), (Cp
=n°-CsHs; M = Rh, Ir) and [CI,Rh(CO),]: SAC-CI Study*

Zhenming Hu

(Department of Chemistry, Dalhousie University, Canada)

Abstract

Since the discovery that the d® transition-metal dicarbonyls such as CpM(CO),
and Cp*M(CO); (Cp = n°-CsHs, Cp* = 11°-C5(CHs)s, M = Rh, Ir) have the unique
ability to activate the normally unreactive C-H bonds of alkanes upon light excitation,
numerous experimental efforts have been made to understand their structures, spectra,
and the details of the photoreaction mechanisms. Although considerable progress has
been made over the past decade, the identity of the primitive photoproducts and their
reactivities toward C-H/Si-H bond activations and ligand substitution are still actively
debated.

In this work, we studied the molecular structures and excited states of CpM(CO),
(Cp = n°>-CsHs, M = Rh, Ir) and [CI,Rh(CO),]" complexes by using the B3LYP and
the symmetry-adapted cluster (SAC)/SAC-configuration interaction (SAC-CI)
theoretical methods. The results show that all the dicarbonyl complexes have singlet
ground electronic states with large singlet-triplet separations. Thermal dissociations of
CO from the parent dicarbonyls are energetically unfavorable. CO thermal
dissociation is an activation process for [CI,Rh(CO),] while it is a repulsive potential
for CpM(CO),. The natures of the main excited states of CpM(CO), and
[CI,RNh(CO),]" are found to be quite different. For [CI,Rh(CO),], all the strong
transitions are identified to be metal to ligand CO charge transfer (MLCT) excitations.
A significant feature of the excited states of CpM(CO); is that both MLCT excitation
and a ligand Cp to metal and CO charge transfer excitation are strongly mixed in the
higher energy states with the latter having the largest oscillator strength.

Current results are significant in that they present the theoretical evidence for a
competitive charge transfer mechanism for CpRh(CO), and Cplr(CO),. The
wavelength dependence of the quantum efficiencies for the photoreactions of
CpM(CO), reported in the literatures can be explained by the existence of two
different types of excited states. The origin of the low quantum efficiencies for the C-
H/Si-H bond activations of CpM(CO), can be attributed to the smaller proportion of
the MLCT excitation in the higher energy states.

*Celebrating Prof. Hiroshi Nakatsuji’s 60" birthday
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