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Welcome
On behalf of the Asian–Pacific Association of Theoretical and Computational Chemists and the Organizing Comitee, we are pleased to welcome you to Rotorua, New Zealand and to the Fifth Asian–
Pacific Conference of Theoretical and Computational Chemistry (APCTCC 5). It is a great pleasure
and honour to have you here participating at, and contributing to, APCTCC 5.
The Asian–Pacific Conference of Theoretical and Computational Chemistry is a biennial international symposium dedicated to promoting advances in all aspects of quantum molecular science, from
pure theory and method development to applied research of immediate technological and industrial
relevance; ranging from the Eastern Asian mainlands to Southeast Asia, Australia and New Zealand,
and up to the western shores of North and South America. Building on the previous successful meetings in Okazaki, Bangkok, Beijing, and Port Dickson, we took every effort to provide an intense
five-day programme of excellence. Our programme covers the full spectrum of theoretical and computational chemistry, encompassing academic research into most basic and fundamental questions,
the latest frontiers of method development, and cutting-edge applications in organic and inorganic
chemistry, life sciences and drug discovery, and nano- and material science.
We are proud and happy to welcome you to beautiful New Zealand. The Rotorua district in the
Bay of Plenty region is an amazing location to explore – even by New Zealand standards – and is a
favorite destination for both domestic and international travellers. We are confident you will enjoy
stimulating intellectual exchange and a fantastic time in a very relaxed and informal atmosphere at
the Novotel Royal Lakeside Rotorua near Te Ruapeka Bay of Lake Rotorua.
We are happy to have you here and are very much looking forward to your particular contribution
to APCTCC 5.

Tahuti mai!
Peter Schwerdtfeger
Elke Pahl
Anastasia Borschevsky
Mustafa Hasanbulli
Jonas Wiebke
Michael Wormit
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APCTCC at Rotorua
Theoretical and computational chemistry is considered one of the youngest branches of the molecular
sciences. That does not mean we do not have tradition. In fact, our earliest efforts go back some 110
years. And yet this science, as we know it today, would not fully emerge until a few decades ago,
having been limited – and still it is – by electronic computing resources . . .
New Zealand is a great place to celebrate theoretical and computational chemistry: it is Earth’s
youngest land. It did not exist until some 40 million years ago, when it was completely separated
from Australia. The first human settlement dates back only 750 years, and it was not before 1642 that
the first European travellers arrived on New Zealand shores. That is not a long time. And yet there
is so much age-old stuff around. (40 million years do not compare well to a human life span, but
750 years of human settlement do. We simply have not been around for long enough; to some extent,
large parts of New Zealand remain virtually unaltered.)
You can think of all of this being distilled into “Sulphur City” Rotorua – “Te Rotorua-nui-aKahumatamomoe”, named after “The second great lake of Kahumatamomoe”. The massive 1886
eruption of 1,111 m Mount Tarawera, 24 km southeast of here, is indicative of this place’s young and
dramatic natural history. You can smell and feel it, too: its geological activity goes along with emissions of hydrogen sulphides, and there are plenty of geysers, bubbling mud-pools, and hot thermal
springs around. You might want to find some spare time to explore Rotorua’s beautiful Government
Gardens with its Polynesian Spa. Soak your feet in volcanic hot pools at Kuirau Park, visit the Buried
Village Te Waiora. And there is heaps of tradition as well: get to know indigenous Southwest-Pacific
culture at the world-famous Tamaki Maori Village, or check out the Te Puia New Zealand Maori &
Crafts Institute. Also located at Government Gardens, the Museum of Art and History housed in the
old Bath House building is a fantastic piece of early new Zealand architecture in its own.
To make your stay in Rotorua as nice as possible, we have collected some information you might
find useful below. However, feel free to ask the conference organisers for help, recommendations, or
anything of interest for you.
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Phone Numbers and Places of Interest
The country code of New Zealand is +64. This has to be included, if making calls from a non-New
Zealand mobile phone. The area code of Rotorua is 07. Generally, numbers starting with 0800 are
toll-free (not from non-New Zealand mobile phones though).
Emergency Call 111 or 911 (no country or area code required)
Police 07-348 0099, 07-349 9400
Rotorua Hospital 07-348 1199,
corner Arawa Street and Pukeroa Road.
Access to the Emergency Department is via Pukeroa Road!
Taxi 07-348 1111 (EFTPOS and credit card accepted)
Super Shuttle to airport toll-free 0800-748885, from mobile: 09-522 5100
Novotel Rotorua toll-free 0800-444422 or 07-346 3888,
Lake End Tutanekai Street, PO Box 348, Rotorua, 3010
Tourism Rotorua Visitor Information Centre 07-348 5179,
1167 Fenton Street, Rotorua, 3010

Maori Culture
Magic of the Maori Taharangi Marae Tarewa Rd. Nightly Magic of the Maori concert. Personalised tours, marae meals and marae stays. Phone 0800-000 445.
Mitai Maori Village Authentic interactive Maori cultural experience. Entertaining and educational. Open 7 days. Can be a combo option with Rainbow Springs ”Beauty by Night” tour.
Phone 07-343 9137.
Rotoiti Tours World of Maori - a memorable, traditional, entertaining experience at Rakeiao Marae
on the edge of Lake Rotoiti. Phone 07-348 8969.
Tamaki Maori Village An award winning cultural experience. Voyage back in time to discover a
culture and people untouched by a modern world. Phone 07-346 2823.
Te Puia Incorporating Whakarewarewa Geothermal Valley with the famous Pohutu Geyser, NZ
Maori Arts and Crafts Institute and Te Pou, essence of the Maori, a cultural experience.
Phone 07-348 9047.
Whakarewarewa Thermal Village Tours Tryon St Whakarewarewa. Guides transport you on a
journey through time. Maori cultural performances and hangi meal combos available 11:15am–
2pm daily. Open 7 days. Phone 07-349 3463.

Rotorua Attractions
Adventure Kayaking The only way to see our lakes. Options from part day to multi day trips. 7
days. Phone 027-499 7402.
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Agrojet The Agrodome Ngongotaha. 450hp jet sprint boat reaches speeds up to 100kph in 4.5s.
Operates daily. Phone 0800-949 888.
HeliPro Helicopter flight-seeing, based at Te Puia. Mt Tarawera and White Island landings a
speciality. Phone 07-357 2512.
Kaituna Cascades Raft and kayak expeditions. Phone 0800-524 8862.
Lakeside Aviation Rotorua Airport. Volcanic wonderland sightseeing adventures.
Phone 07-345 4242.
Mt Tarawera 4WD Tours 4wd shuttle, half day tours available 7 days, 8am and 1pm from Tourism
Rotorua. Phone 07-349 3714.
Planet Bike Mountain bike hire and guided tours in Whaka Forest. All ages catered for, hire gear
available. Bookings essential. Phone 07-346 1717.
Rotorua Bungy The Agrodome, Ngongotaha. The spirit of adventure, fun and excitement! Get
your adrenalin pumping! Phone 07-357 4747.
Swoop The Agrodome, Ngongotaha. Bungy swing with up to three people in hang gliding harness.
Operates 7 days. Phone 07-357 4747.
Volcanic Air Safaris Lakefront Rotorua. Select your tour from floatplanes (including a 10 seater
Otter) helicopters or fixed wing aircraft. Mokoia Island and White Island landings.
Phone 07-348 9984.
Find more to do at http://www.azdirect.co.nz/rotorua/attractions.asp . . .
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Finding your way around ...
This simplified map is kindly supplied by the Novotel Royal Lakeside Rotorua.
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Programme
Friday, 9 December 2011
15:00 – 18:00

Registration
BATTEN 1
18:00 – 18:30 Welcome
Plenary Lecture

Chair: P. Schwerdtfeger
18:30 – 19:30 R. J. Bartlett
19:30 – 21:00 Mixer
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Saturday, 10 December 2011
Keynote Lectures
BATTEN 1, Chair: K. Raghavachari
08:45 – 10:30

K. S. Kim, Fukui Medalist 2010
S. Hendy
F. Calvo
10:30 – 11:00 Morning Tea
Electron Correlation
BATTEN 1, Chair: R. J. Bartlett
11:00 – 12:40

P. Piecuch
C. Hättig
S. Li
J. Lane
12:40 – 14:20 Lunch Break

(page 20)
(page 21)
(page 22)
(page 23)

Method Development I
BATTEN 1, Chair: M. Ehara
14:20 – 16:00

S. Iwata
A. M. Mak
Y. Jung
B. Chan
16:00 – 16:30 Afternoon Tea

E. Kraka
C. Zhu
D. Crittenden
17:45 – 20:00 Dinner Break

(page 17)
(page 18)

Materials I
BATTEN 2, Chair: Z. Shuai
Y. S. Lee
A. Bilic
A. W. Hauser
S. Lee

(page 25)
(page 26)
(page 27)
(page 28)

Dynamics and Modeling
BATTEN 2, Chair: F. Calvo
(page 30)
(page 31)
(page 32)
(page 33)

Spectroscopy I
BATTEN 1, Chair: P. Jensen
16:30 – 17:45

(page 16)

H. Kitamura
G. E. Moyano
R. S. Ray
D. Schebarchov

(page 35)
(page 36)
(page 37)
(page 38)

External Fields
BATTEN 2, Chair: H. B. Schlegel
(page 40)
(page 41)
(page 42)

H. Nakatsuji
D. Wilson
T. Sato

(page 44)
(page 45)
(page 46)

20:00 – 21:30 Poster Session
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Sunday, 11 December 2011
Keynote Lectures
BATTEN 1, Chair: P. M. W. Gill
08:45 – 10:30

C.-P. Hsu, Pople Medalist 2010
K. Raghavachari
R. L. Johnston
10:30 – 11:00 Morning Tea
Method Development II
BATTEN 1, Chair: C. Hättig
11:00 – 12:40

W. Liu
M. Ehara
H. Ma
M. Wormit
12:40 – 14:20 Lunch Break

B. Yates
S.-J. Lee
J.-S. K. Yu
A. Nielson
16:00 – 16:30 Afternoon Tea

(page 52)
(page 53)
(page 54)
(page 55)

(page 62)
(page 63)
(page 64)
(page 65)

Cluster
BATTEN 1, Chair: E. Pahl
16:30 – 17:45
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S. R. Gadre
N. Gaston
M. Addicoat

(page 49)
(page 50)

Biochemistry
BATTEN 2, Chair: C.-P. Hsu

Organic and Inorganic Chemistry I
BATTEN 1, Chair: G. Frenking
14:20 – 16:00

(page 48)

L. Radom
A. Karton
J. Reynisson
Z. Dawei

(page 57)
(page 58)
(page 59)
(page 60)

Relativity
BATTEN 2, Chair: N. Gaston
B. P. Das
K. Ichikawa
S. Biering
A. Borschevsky

(page 67)
(page 68)
(page 69)
(page 70)

Spectroscopy II
BATTEN 2, Chair: D. Crittenden
(page 72)
(page 73)
(page 74)

D. Cremer
P. R. Bunker
J. Li

(page 76)
(page 77)
(page 78)
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Monday, 12 December 2011
Keynote Lectures
BATTEN 1, Chair: W. de Jong
08:45 – 10:30

H. Nakai, Pople Medalist 2011
H. B. Schlegel
G. Frenking
10:30 – 11:00 Morning Tea
Density Functional Theory
BATTEN 1, Chair: W. Liu
11:00 – 12:40

K. Hirao
X. Xu
L. Goerigck
J.-W. Song
12:40 – 14:20 Lunch Break

P. M. W. Gill
J. W. Hollett
B. Pavlov
C.-C. S. Yan
16:00 – 16:30 Afternoon Tea

(page 81)
(page 82)

Materials II
BATTEN 2, Chair: R. Johnston
(page 84)
(page 85)
(page 86)
(page 87)

Theory
BATTEN 1, Chair: P. Piecuch
14:20 – 16:00

(page 80)

Z. Shuai
M. B. Sullivan
B. Fernández
K.-C. Lau

(page 89)
(page 90)
(page 91)
(page 92)

Organic and Inorganic Chemistry II
BATTEN 2, Chair: B. Yates
(page 94)
(page 95)
(page 96)
(page 97)

Y. Gao
V. Parasuk
V. Sychrovsky
P. Lazar

(page 99)
(page 100)
(page 101)
(page 102)

Student Talks
BATTEN 1, Chair: S. Hendy
16:30 – 17:45

L. K. McKemmish
B. J. Y. Tan
C. C. R. Sutton
P.-C. Chu
R. J. O’Reilly
Y. Ikabata
M. Hasanbulli
19:00 – 21:30 Conference Dinner

(page 104)
(page 105)
(page 106)
(page 107)
(page 108)
(page 109)
(page 110)
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Tuesday, 13 December 2011
Keynote Lectures
BATTEN 1, Chair: K. Hirao
08:45 – 10:30

P. Schwerdtfeger, Fukui Medalist 2011
W. A. de Jong
P. Jensen
10:30 – 11:00 Morning Tea

(page 112)
(page 113)
(page 114)

Kato Memorial Session
BATTEN 1, Chair: H. Nakatsuji
11:00 – 13:25

W. H. Miller
K. Morokuma
K. Kitaura
S. Hayashi
T. Yamamoto
13:25 – 13:35 Closing
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(page 116)
(page 117)
(page 118)
(page 119)
(page 120)
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Abstracts
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Session 1

S ESSION 1: P LENARY L ECTURE

Plenary Lecture

Fri, Dec 9, 18:30 – 19:30
Batten 1

13

S ESSION 1: P LENARY L ECTURE – TALK 1

APCTCC-5

Looking at the World from a Coupled-Cluster Perspective
Rodney J. Bartlett, Ajith Perera, Prakash Verma, Victor Lotrich,
Matthew Strassberg, Monika Musial, Dmitry Lyakh, Tom Watson
Quantum Theory Project
Universiy of Florida
Our presentation will address some recent work we have been pursuing, ranging
from multi-reference coupled-cluster theory based upon our multi-ionization/multiattachment approach, to adding triple excitation effects into the equation-of-motion
coupled-cluster methods. But equally important, CC theory and its MBPT
approximations offers a handle on the development of idem-potent density matrix
functional theory (IDMFT) and ab initio dft as the seamless connection between
traditional density functional theory and wave-function theory. The hope is to develop a
series of approximations for the correlation problem that start with ab initio dft,
generalize to an IDMFT, and continue on to full blown CC theory in its single-reference
and multi-reference forms. All methods are being put into the massively parallel ACES
III program system which scale on >50,000 cores to enable very large calculations to be
done.
[1] R.J. Bartlett, “Ab initio DFT and its role in electronic structure theory,” Mol. Phys.
108 (21-23), 3299-3311 (2010).
[2] R.J. Bartlett, “The coupled-cluster revolution,” Mol. Phys. 108 (21-23), 2905-2920
(2010).
[3] M. Musial, A. Perera, and R.J. Bartlett, “Multireference coupled-cluster theory: The
easy way,” J. Chem. Phys. 134, 114108/1-10 (2011).
[4] M. Musial, S.A. Kucharski, R. J. Bartlett, Multireference Double Electron Attached
Coupled Cluster Method with Full Inclusion of the Connected Triple Excitations:
MR-DA-CCSDT, J. Com. Theor. Chem. 7, 3088 (2011).
[5] The super instruction architecture: A framework for high-productivity parallel
implementation of coupled-cluster methods on petascale computers, E. Deumens,
V. F. Lotrich, A. S. Perera, R. J. Bartlett, N. Jindal, B. A. Sanders, Ann. Rep. in
Comp. Chem., Vol. 7, ISBN 978-0-444-53835-2, (2011)
[6] P. Verma and R. J. Bartlett, “Increasing the applicability of density functional
theory: Is there a consistent DFT method?”, submitted.
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Keynote Lectures

Sat, Dec 10, 8:45 – 10:30
Batten 1
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Molecular Sensing, Nano-Electronics/Photonics, and Ultrafast DNA
Sequencing
Kwang S. Kim
Department of Chemistry, Pohang University of Science and Technology, Pohang 790-784,
Korea. (E-mail: kim@postech.ac.kr)
Based on a comprehensive understanding of the nature of intermolecular interactions [1]
and the inherent molecular properties of the system under consideration, we elaborate on how
to design functional nanomaterials and nanodevices. These functional systems include
intriguing organic, inorganic, and metallic nanostructures [2], ionophores/receptors [3],
hydrogen storage materials, carbon-based nanostructures including ultralong and ultrathin
carbon nanotubes and large-scale graphene [4,5], and molecular electronic/spintronic devices
[6-8]. Novel assembling phenomena of diverse nanostructures and utilization of the unusual
functional characteristics as devices are discussed. Novel nano-optics/photonics phenomena
are discussed based on self-assembled nano-scale lenses which show near-field focusing and
magnification beyond the diffraction limit [9]. The enhancement of micro-Raman signals for
the graphene layers through nanolenses is also addressed. The modulation of the properties of
various materials is addressed in terms of three, two, one, and zero dimensions. Electron/spin
transport phenomena in molecular electronic/spintronic devices and graphene nanoribbon
spin valves are discussed based on non-equilibrium Green function theory [7]. As a highly
efficient futuristic informatics device, we address graphene nanoribbon spin-valve devices
which show the super magnetoresistance behavior [8]. The device can be used as a spin filter
which selectively transmits almost 100% spin-polarized current. Given that graphene
nanoribbon electrodes show pristine molecular characteristics much better than Au or Ru
electrodes, we find that measuring two-dimensional conductance spectra of a graphene
nanoribbon placed across a fluidic nanochannel leads to a powerful ultrafast DNA sequencing
method [10].
[1] Kim, K. S. et al.
[2] Hong, B. H. et al.
[3] Yoon, J. et al.
[4] Kim, K. S. et al.
[5] S. Bae et al.
[6] Kim, W. Y. et al.
[7] Kim, W. Y et al.
[8] Kim, W. Y. et al.
[9] Lee, J. Y. et al.
[10] Min, S. K. et al.
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Chem. Rev.
Science
Chem. Soc. Rev.
Nature
Nature Nanotech.
Chem. Soc. Rev.
Acc. Chem. Res.
Nature Nanotech.
Nature
Nature Nanotech.

100, 4145 (2000).
294, 348 (2001).
35, 355 (2006).
457, 706 (2009).
5, 574 (2010).
38, 2319 (2009).
42, 0000 (2009).
3, 408 (2008).
460, 498 (2009).
6, 162 (2011).

APCTCC-5

S ESSION 2: K EYNOTE L ECTURES – TALK 2

Some applications of mathematics to chemistry
S. C. Hendy1,2, A. J. Parker2, N. J. Lund2, X. Y. Zhang1, and N. Gaston1,2
1

Industrial Research Ltd, Lower Hutt 5010, New Zealand
MacDiarmid Institute for Advanced Materials and Nanotechnology,
School of Chemical and Physical Sciences, Victoria University of Wellington,
Wellington 6140, New Zealand
2

Chemistry continues to be a rich source of interesting problems for applied
mathematics. In this talk I will consider two problems in chemistry that we have solved
using methods from applied mathematics. In the first problem we apply a mathematical
homogenisation approach to derive simple expressions for the effective reactivity of a
nanostructured catalyst under diffusion limited conditions. These expressions relate the
intrinsic rate constants of the surface facets presented by the catalyst to an effective rate
constant. When highly active catalytic sites, such as step edges or other defects are
present, we show that distinct limiting cases emerge depending on the degree of overlap
of the reactant depletion zone about each site. In gases, the size of this depletion zone is
approximately the mean free path of the gas molecules, so that the effective reactivity
will depend on the structure of the catalyst on that scale.
In the second problem, we derive an effective free energy for iron chromium alloys
based on first principles calculations and use it to investigate the passivity of stainless
steels. The free energy is written as a functional of the local chromium concentration
and can be used to derive a non-linear diffusion equation for the chromium in the alloy.
We show that this diffusion equation exhibits an instability at 16% chromium content,
which can lead to enrichment of chromium at the alloy surface. We test the predictions
using kinetic Monte Carlo simulations, finding that the instability leads to the formation
of the passive chromium-rich oxide film that is observed experimentally on the surface
of stainless steels.
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How well do vibrational absorption spectra mimic laser-induced
fragmentation spectra? Insights from multiscale modeling
F. Calvo
CNRS and Université Lyon 1, Lyon, France

Spectroscopic methods in the gas phase are increasingly powerful and able to assign the
structures of large molecular compounds, including molecules of biological or astrophysical
interest as well as atomic and molecular clusters. Action spectroscopies, in which a depletion
ratio is monitored as a function of the laser frequency, are particularly attractive because they
can probe wide ranges of interactions from the far-infrared to the optical or UV domains.
However, assignment relies on the successful comparison with calculated spectra which, in
the case of vibrational spectroscopy, is limited to a linear absorption spectrum usually obtained by quantum chemical methods in the harmonic approximation. In this work we have
modeled the laser-induced fragmentation spectrum of a realistic gas-phase system, namely
the rocksalt (NaCl)32 cluster in bare and argon-tagged forms, over time scales that are relevant in mass spectrometry. The cluster evolution under the influence of the laser field is
explicitly simulated by molecular dynamics in the cases of single or multiple pulses taking
place over a typical nanosecond, and a statistical approach is employed to cover the long time
scales up to microseconds or more.
We generally find a satisfactory agreement between absorption and action spectra in the
far-infrared range, especially in the case of the messenger tagging predissociation technique.
However, residual redshifts are found in the action spectrum, with a magnitude comparable to
the discrepancy usually caused by anharmonic effects alone. These deviations are interpreted
as due to the finite bandwidth of the excitation, and, more importantly, to the dynamical
heating effect of the laser. Our results thus indicate that anharmonicities are amplified in
vibrational action spectroscopies.

Intensity

Dissociation
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Absorption
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150
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Session 3

APCTCC-5

Electron Correlation

Sat, Dec 10, 11:00 – 12:40
Batten 1
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Recent Advances in Renormalized and Active-Space Coupled-Cluster
Methods
P. Piecuch1, J. Shen1, and W. Li1,2
1

Department of Chemistry, Michigan State University, East Lansing, Michigan 48824,
USA
2
School of Chemistry and Chemical Engineering, Nanjing University, Nanjing, Jiangsu
210093, China
The widely used coupled-cluster (CC) and equation-of-motion (EOM) CC methods,
such as CCSD(T) and EOMCCSD, have difficulties with capturing stronger nondynamic electron correlations characterizing chemical reaction pathways and excited
states dominated by two-electron transitions that can often be addressed by exploiting
the completely renormalized (CR) and active-space CC and EOMCC approaches. This
talk will discuss recent advances in the development and applications of the CR and
active-space CC/EOMCC methods. Among these advances are the extension of the CRCC approaches to larger reactive molecular systems via the local correlation cluster-inmolecule ansatz and its multi-level extensions, and the promising new possibility of
merging the CR and active-space methodologies into a single mathematical formalism
that leads to further, in some cases substantial, improvements in the results for potential
energy surfaces along bond breaking coordinates and chemical reaction pathways
involving multi-configurational transition states. The latter idea requires the
generalization of the moment energy expansions that are behind the CR-CC and CREOMCC methods to non-traditional truncations of the cluster operator and related
excitation manifolds.
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Accurate and efficient approximations to explicitly correlated
coupled-cluster singles and doubles, CCSD-F12
C. Hättig1 , D. Tew1 , and A. Köhn2
1

Department of Theoretical Chemistry, Ruhr-University Bochum, D-44780 Bochum,
Germany
2
School of Chemistry, University of Bristol, Bristol BS8 1TS, United Kingdom
3
Institut für Physikalische Chemie, Universität Mainz, D-55099 Mainz, Germany

We present an approximate explicitly correlated coupled-cluster singles and doubles method[1], CCSD(F12*), which retains the full accuracy of CCSD-F12 while the computational
costs are only 20–30% larger than for a conventional CCSD calculation. Due to the fast
basis set convergence of the method already medium-sized basis sets give results close to
the basis set limit. For routine applications double-zeta-quality basis optimized for explicitly
correlated calcualtions (cc-pVDZ-F12 basis sets) are often sufficient which leads to dramatic
reduction of the computational costs for accurate CCSD and CCSD(T) calculations.
-284
CCSD(T)

∆E in kcal mol

-1

-285

CCSD(F12*)(T)

-286
-287
-288
-289
-290
-291
-292

CH4 + 4 H2O2 → CO2 + 6 H2O
DZ

TZ

QZ

5Z

6Z

The method has been implemented in the recently developed coupled-cluster singles-anddoubles (CCSD) code of the TURBOMOLE package. The code uses a hybrid strategy for
the computation of two-electron integrals, evaluating some integral classes in an AO direct
scheme while other integrals are evaluated directly in the MO basis using the resolution-ofthe-identity (density fitting) approximation. This allows to keep memory, disc storage and I/O
demands low compared to other implementation without sacrificing the efficiency or accuracy of the methods. An OpenMP parallelization has been implemented to take advantage of
the multi-CPU and multi-core architectures of modern hardware. The efficiency of the implementation and the fast basis set convergence achieved with the explicitly-correlated variants
will be demonstrated at some examplary systems.
[1] C. Hättig, D. P. Tew, A. Köhn, J. Chem. Phys., 132 (2010), 231102
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New coupled cluster methods for potential energy surfaces
Shuhua Li
School of Chemistry and Chemical Engineering, Institute of Theoretical and
Computational Chemistry, Nanjing University, Nanjing, 210093
In this talk, I will present our recent development on coupled cluster methods for
computing global potential energy surfaces. The method we developed is called as the
coupled cluster singles and doubles, with a hybrid treatment of triple excitations
[denoted as CCSD(T)-h] [1]. For both RHF and UHF references, active (or
pseudo-active) orbitals, which are directly related to bond-breaking processes, can be
constructed automatically. With the concept of active and inactive orbitals, triple
excitations can be divided into two subsets: “active” and “inactive”. The amplitudes of
these two classes of triple excitations can be obtained via two different approaches.
Illustrative applications show that the overall performance of CCSD(T)-h in computing
potential energy surfaces is very competitive with that of CCSDT, and much better
than that of the widely used CCSD(T) [2-4]. Recently, we proposed another strategy to
construct active and inactive virtual orbitals, in which a smaller basis set is employed
as an auxiliary basis set to split the virtual orbitals with a large basis set into active and
inactive subsets. CCSD(T)-h based on the split virtual orbitals (SVO-CCSD(T)-h in
short) has been applied to study the bond breaking potential energy surfaces in several
diatomic molecules, and the equilibrium properties in a number of open-shell diatomic
molecules [5]. For all systems under study, the SVO-CCSD(T)-h method is an
excellent approximation to the corresponding CCSDT, providing considerable
improvement on CCSD(T).
[1] J. Shen, E. Xu, Z. Kou, S. Li J. Chem. Phys. 132, 114115 (2010).
[2] J. Shen, Z. Kou, E. Xu, S. Li J. Chem. Phys. 133, 234106 (2010).
[3] J. Shen, Z. Kou, E. Xu, S. Li J. Chem. Phys. 134, 044134 (2011).
[4] J. Shen, E. Xu, Z. Kou, S. Li Phys. Chem. Chem. Phys. 13, 8795 (2011)
[5] J. Shen, Z. Kou, E. Xu, S. Li J. Chem. Phys. submitted (2011).
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Explicit correlation and basis set superposition error
J. R. Lane1
1

Department of Chemistry, University of Waikato, Hamilton, New Zealand

Molecular complexes are recognized as intermediates between strictly gas-phase and
condensed-phase species that are important for describing the chemistry of Earth’s atmosphere. The inherent weak nature of intermolecular interactions makes theoretical investigation of molecular complexes difficult and necessitates the use of computationally demanding
methods such as CCSD(T) with large basis sets. We have calculated interaction energies and
intermolecular distances for a series of small hydrogen bonded and electron donor-acceptor
complexes using the recently developed explicitly correlated CCSD(T)-F12 methods and
compare to results obtained with conventional CCSD(T) theory. For a given cardinal number,
we find that results obtained with the CCSD(T)-F12 methods are much closer to the CCSD(T)
complete basis set limit than conventional CCSD(T) results. We decompose the CCSD(T)F12 interaction energies in terms of the Hartree-Fock, CCSD-F12 and (T) contributions to
explore the magnitude of basis set superposition error (BSSE) at each level of theory. We
find that inclusion of explicit electron-electron correlation with the CCSD(T)-F12 methods,
significantly reduces the magnitude of BSSE, alleviating the need to apply the cumbersome
counterpoise correction.
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CO2 adsorption and conversion reactions on BN-BNNT
Yoon Sup Lee1, Heechol Choi,1 Young Choon Park,1 and Yong-Hyun Kim2
1

2

Department of Chemistry, KAIST, Daejeon (305-701), Republic of Korea
Graduate School of Nanoscience and Technology (WCU), KAIST, Daejeon (305-701),
Republic of Korea

Carbon nanotube (CNT) and even boron nitride nanotube (BNNT) cannot detect CO2
due to low adsorption energies, but SiC nanotubes show stronger binding energies
depending on the diameter. In this study, potentials of B-doped (BN) zigzag BNNTs as a
CO2-capture material are investigated by the ONIOM method based upon the density
functional theory (DFT) method with the wB97X-D functional as the high level part
and AM1 for the low level part, as well as the band calculations using the projected
augmented wave (PAW) method with the PBE functional. The binding energies of
single CO2 adsorbed on various zigzag BN-BNNTs are about two times larger than those
on the SiC nanotubes and the interaction between CO2 and the BN-BNNT sidewall is not
significantly affected by the tube diameter. The structural stability of CO2-adsorbed
intermediates and products is explained by the natural population analysis (NPA)
calculation, suggesting that BN-BNNT could be a material for efficiently capturing the
CO2 molecule and even be a catalyst for CO2 conversion reactions.[1]
The storage of hydrogen as formic acid (HCOOH) has the advantage of a low
reaction enthalpy (ΔH298K = 14.7 kJmol–1)[2] for the hydrogenation/ dehydrogenation of
CO2. We have investigated the potential of utilizing the CO2-adhesive BN defect as a
catalyst for the CO2 conversion to HCOOH. In this work, we suggest the mechanism of
CO2 conversion to HCOOH by applying the ONIOM(wB97X-D/6-31G**:AM1) level
of theory.

[1]

Choi, H.; Park, Y. C.; Kim, Y.-H.; Lee, Y. S. J. Am. Chem. Soc. 2011, 133, 2084.

[2]

National Institute of Standards and Technology, Database 101, 2006, rel. 14.
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From fused aromatics to graphene-like nanoribbons: the effects of
multiple terminal groups, length, side edges and symmetric pathways on
charge transport
A. Bilić1 ,
1

CSIRO Mathematics, Informatics and Statistics, Private Bag 33, Clayton South 3169 VIC,
Australia

A family of molecular ribbons with almost ideal charge transmission, little dependence
on the anchoring structure or electrode crystalline orientation, and easy to synthesize, has
been identified. Three sets of aromatic nanoribbons, based around a three ring phenalenyl
motif, with single, dual, and single-dual terminal thiolate groups have been considered as
potential molecular wires in a junction formed by gold leads. Charge transport through the
two terminal device has been modeled by using density functional theory (with and without
self interaction correction) and the non-equilibrium Green’s function method. The effects
of wire length, multiple terminal thiolate groups, symmetric pathways across the junction,
and side edges on charge transport have been investigated. Only for nanoribbons from the
oligopyrene series, with conventional single thiolate terminal groups, does the increase in
the wire length causes a marginal drop in the conductance. The lack of length effect on the
other sets of nanoribbons indicates that the contacts are the principal source of the resistance.
The conventional single thiolate groups are found to be the impediment to the efficient use of
multiple transport pathways across the wire backbone. In contrast, the oligoperylene series
of nanoribbons, with dual thiolate groups at both terminals and a lower contact resistance,
have the potential to fully utilize the multiple pathways across the entire junction. In addition, this design opens up the antisymmetric molecular frontier orbitals with π symmetry
for charge flow, thus providing extra conducting channels. The transmission spectra of the
oligoperylenes exhibit a continuum of highly conducting channels and the resulting conductance is nearly independent of the bias or wire length. The predictions are robust against
artefacts from the exchange-correlation potential, as evidenced from the self-interaction corrected calculations. Therefore, oligoperylene nanoribbons have the potential to be the almost
ideal wires for molecular circuitry.
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Nanoporous graphene – a two-dimensional membrane for efficient
3
He/4 He separation
A. W. Hauser1 and P. Schwerdtfeger1
Centre for Theoretical Chemistry and Physics (CTCP), The New Zealand Institute for
Advanced Study (NZIAS), Massey University (Auckland Campus), Private Bag 102904,
North Shore City, 0745 Auckland, New Zealand

1

Graphene nanopores of suitable size allow for a separation of fermionic helium-3 from
its bosonic counterpart helium-4 due to quantum tunneling. The transmission probabilities
are crucially depending on the diameter of the pore. A necessary fine-tuning of the pore
diameter is realized by a partial dotation of C-H bonds on the pore rim by nitrogen atoms.
Potential barriers for several different types of pores are calculated with density-functional
theory applying a long-range corrected density functional to account for weak van der Waals
interactions. The results are used as input for the numerical calculation of the transmission
probabilities for 3 He and 4 He. We show that slight deviations in the tunneling probability for
the two isotopes can lead to a high selectivity at an industrially acceptable gas flux.
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Propagator for Diffusive Dynamics of an Interacting Molecular Pair
Sangyoub Lee,1 Chang Yun Son,1 Jaeyoung Sung,2 and Song-Ho Chong1
1

Department of Chemistry, Seoul National University, Seoul 151-747, South Korea
2
Department of Chemistry, Chung-Ang University, Seoul 156-756, South Korea

We introduce a new method of solution for the Fredholm integral equations of the
second kind. The method would be useful when the direct iterative approach leads to a
divergent perturbation series solution. By using the method, we obtain an accurate
expression of the propagator for diffusive dynamics of a pair of particles interacting via
an arbitrary central potential and hydrodynamic interaction. We test the accuracy of the
propagator expression by calculating the diffusion-controlled geminate and bimolecular
reaction rates. It is shown that our propagator expression provides very accurate results
for the whole time region.
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Application of the perturbation theory based on locally projected
molecular orbital to water clusters and weak electron-donor complexes
Approximate BSSE-free Hartree-Fock with the dispersion correction
S. Iwata
Toyota Physical and Chemical Research Institute
Last few years I have been developing the perturbation theory based on the locally projected molecular orbital (LP MO) for evaluating the molecular interaction energy. The third
order single excitation perturbation theory (3SPT) approximates the counterpoise (CP) corrected Hartree-Fock (HF) theory in evaluating the hydrogen bond energy [1]. For example,
when the aug-cc-pVDZ basis set is used, the averaged deviation from the CP corrected HF
binding energies is 0.31kJ mol−1 for (H2 O)n , n = 2 ∼ 8 and 0.40kJ mol−1 for (HF)n ,
n = 2 ∼ 8. It may be claimed that the LP MO 3SPT is free of basis set superposition error
(BSSE). Because the computation resource required for 3SPT is less than that for a single
step of HF calculation, the method can be applied for the clusters consisting of many closed
shell molecules. The isomers of (H2 O)20 and (H2 O)25 are studied, and the relative energies
are compared with those of the effective fragment potential (EFP1). The BSSE in the HF theory is caused by the orbital basis inconsistency (OBI) for the interacting and non-interacting
systems .To evaluate the dispersion energy, the multi-configuration description is required in
the MO theory. Here, we have to take care of the configuration basis inconsistency (CBI). To
remove or to avoid the BSSE in the correlated level of MO theories, the counterpoise procedure is extensively used by assuming that it can remove the error caused by CBI as good as
it removes the error of the OBI in the HF theory. However, it is empirically known that the
convergency on the cardinal number of Dunning’s correlated consistent basis sets is much
slower for the correlated level of theories than for the HF theory. We have to be aware of
the difficulty in removing the CBI. In the LP MO based perturbation theory, both of the occupied and excited (external) MOs are locally expanded for each of molecular component in
the cluster, and therefore, the dispersion type excitations are clearly defined [1]. The second
order perturbation only with the dispersion type excitations using the LP MO does not cause
the CBI. Several test calculations are performed for the rare gas dimers, halogen bonded
dimers and atomic ion - π conjugated complexes [1]. The applicability is further tested for
for (H2 O)n , and (HF)n , n = 2 ∼ 8 with aug-cc-pVDZ, and for the weak electron-donor
molecular complexes.

[1] S. Iwata, J. Phys. Chem. A, 114 (2010) 8697; S. Iwata, J. Chem. Phys., in press.
[DOI:10.1063/1.3629777]
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Approximate Spin-Projected Broken Symmetry Energies from
Optimized Orbitals that are Unrestricted in Active Pairs
A. M. Mak1,2 , K. V. Lawler2,3 , and M. Head-Gordon2,3
1

Institute of High Performance Computing, 1 Fusionopolis Way, #16-16 Connexis,
Singapore 138632, Singapore.
2
Department of Chemistry, University of California, Berkeley, Berkeley, CA 94720.
3
Chemical Sciences Division, Lawrence Berkeley National Laboratory, One Cyclotron
Road, Berkeley, CA, 94720.

Spin contamination is a common effect in UHF descriptions of open-shell singlets, such
as biradicals and some classes of polyradicals. To correct for this, Yamaguchi et al [1]
developed the Approximate Spin-Projected Broken Symmetry (APBS) method, which uses
a model Heisenberg spin Hamiltonian, ĤHeis applied to the low-spin broken symmetry wave
LS
function ψBS
and corresponding high spin wave function ψ HS , to yield the APBS energy
HS
E AP BS = αE LS − βE HS , where α and β are functions of hŜiLS
and hŜiLS
BS , hŜi
exact . We
present here, a modification of the APBS method in which the orbitals are optimized to obtain
a stationary value for the energy function E AP BS . The reference wave function for the APBS
energy is that for the high spin case ψ HS , using restricted open-shell orbitals, which are then
LS
using the Unrestriction in Active Pairs (UAP) procedure. The
spin polarized to obtain ψBS
APBS-UAP method is applied to H2 and N2 as an illustration, to obtain corresponding spinprojected energy in the splitting a single bond, and a triple bond, respectively.
[1] Y. Kitagawa, T. Saito, M. Ito, M. Shoji, K. Koizumi, S. Yamanaka, T. Kawakami, M.
Okumura, K. Yamaguchi, Chem. Phys. Lett, 442 (2007), 445.
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An accelerated density matrix purification scheme using generalized
non-purifying functions
Yousung Jung1
1

Graduate School of EEWS, Korea Advanced Institute of Science and Technology
(KAIST), Korea

The density matrix purification is an efficient way to avoid the expensive cubic
scaling computational cost of diagonalization in self-consistent field calculations.
However, the initial guess of density matrix usually contains large errors which take
many iterations to remove using standard recursive schemes such as McWeeny or Holas.
In this talk, I will present a new way to obtain converged density matrix much more
rapidly by removing the usual stability conditions that are traditionally imposed. We
reduce the purification cost approximately by a factor of 1.5-3 compared to the canonical
and grand canonical purification algorithms for the linear alkane, diamondoid, and model
conducting polymer structures.
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G4(MP2)-6X: PAY FOR G4(MP2) AND GET G4 PERFORMANCE
Bun Chan1, Jia Deng2, Leo Radom1
1

ARC Centre of Excellence for Free Radical Chemistry and Biotechnology and School
of Chemistry, University of Sydney, Sydney, NSW 2006, AUSTRALIA

2

Research School of Chemistry, Australian National University, Canberra, ACT 0200,
AUSTRALIA

Accuracy

Computational chemists have constantly been making decisions on the compromise
between accuracy and computational expense. The Gn series of composite procedures
has been offering an excellent solution to this dilemma. The latest in the series, G4 [1],
offers chemical accuracy for a diverse set of energies. Its less expensive cousin,
G4(MP2) [2], also shows good performance but has not yet reached the same level of
accuracy. Our new procedure, G4(MP2)-6X [3], is an alternative to G4(MP2) of similar
cost but with a performance approaching that for G4. It achieves chemical accuracy for
a diverse set of thermochemical properties including reaction energies, barriers and
weak interactions, thus it is broadly applicable in chemistry.

Cost
[1] L. A. Curtiss, P. C. Redfern and K. Raghavachari, J. Chem. Phys. 126 (2007) , 084108.
[2] L. A. Curtiss, P. C. Redfern and K. Raghavachari, J. Chem. Phys. 127 (2007) , 124105.
[3] B. Chan, J. Deng and L. Radom, J. Chem. Theory Comput. 7 (2011), 112.
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Quantum-chemical approach to the phase transitions in expanded
fluid metals
Hikaru Kitamura
Department of Physics, Kyoto University, Sakyo-ku, Kyoto 606-8502, Japan
Expanded fluid metals with temperatures of about 103-4 K and densities of about
1020-24 cm3 exhibit gas-liquid and metal-nonmetal transitions; the nature of the
chemical bond changes drastically from metallic to covalent or van der Waals type
through the supercritical region [1]. Due to a difficulty in the coherent treatment of
complicated interatomic interactions, structural disorder, and a delicate free-energy
balance between different phases, accurate assessments of the gas-liquid critical points
of most monatomic metals still remain unavailable.
In this talk, I present an equation of state for expanded fluid metals that combines
quantum-chemical analysis of the interatomic many-body forces and the statistical
theory of atomic coordination-number distributions in the hard-sphere system [2]. The
theory is applied to mercury, an important chemical element whose atomic, cluster, and
bulk properties deserve systematic investigations [3]. It is shown that the experimental
gas-liquid coexistence curve can be reproduced well by taking into account strong
attractive many-body forces, which stem from the 6s-6p configuration mixing in the
local transient cluster formed through density fluctuations. The magnitude of the
attractive force increases significantly when the mean coordination number exceeds
about 5, which is relevant to the metal-nonmetal transition observed at about 9 g/cm3.
Qualitative difference in the shape of the gas-liquid coexistence curves for alkali and
divalent metals will be mentioned.
[1] F. Hensel and W.W. Warren, Fluid Metals (Princeton, 1999)
[2] H. Kitamura, J. Chem. Phys., 126 (2007), 134509
[3] E. Pahl and P. Schwerdtfeger, in Handbook of Nanophysics: Clusters and Fullerenes,
Edited by K.D. Sattler (CRC Press, 2011)
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Parallel Tempering Monte Carlo Simulations of the Melting of Doped
Atomic Clusters
G. E. Moyano1 and N. Quesada2
1

Instituto de Química, Universidad de Antioquia, Medellín, Colombia
Instituto de Física, Universidad de Antioquia, Medellín, Colombia

2

The effect of doping on the melting behavior of atomic clusters is investigated using Parallel Tempering Monte Carlo (PTMC) simulations in the canonical ensemble. Several cluster
sizes and types of impurities are modelled using empirical potentials such as the LennardJones and Gupta potentials. We focus on aspects like the occurrence of low temperature
range solid-solid transitions, the depletion of the melting range and its dependence on the
size of the cluster, as well as on the relative atomic sizes of the impurity and the main component of the clusters.
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Relativistic all-electron molecular dynamics simulations of heavy elements
Rupashree Shyama Ray,1 Jens Thar,2 Barbara Kirchner2
	
  
1

2

Ravenshaw University, Cuttack-3, Odisha, India
Wilhelm-Ostwald Institut für Physikalische und Theoretische Chemie,
Universität Leipzig, Linnestr. 2, D-04103 Leipzig, Germany

Up to now simulations on systems containing heavy atoms where the electronic structure
is calculated on the fly are limited mainly to relativistic pseudopotentials for the description
of relativistic phenomena. This description depends on relativistic all-electron calculations as
reference and could yield inaccurate results for molecular properties being probed at the
'relativistic' nuclei. One way to replace the pseudopotential by a cost efficient orbital
representation is the Gaussian and augmented plane wave method (GAPW).[1,2] The
GAPW method is already implemented in the program package CP2K.[3,4] The scalarrelativistic Douglas-Kroll-Hess (DKH) method [5,6] is well suited to introduce a consistent
relativistic description into simulations. It is computational efficient in its lowest orders
where molecular properties are sufficiently converged and it is systematically improvable.[7]
The DKH transformation up to fourth order was implemented in the cp2k code.[8]
The validation of the implementation was done on hydrogen-halide dimers and the wellknown trend of decreasing hydrogen bond strength with highest atomic number of halide
was established with DKH3 method. [8] Further application of DKH3 method is centered on
the simulation of uranyl, U(VI) complexes in aqueous solution. In order to achieve
physically relevant time scales, existing approximations like pseudopotentials is tested, and
new approximations like the restriction of the relativistic description to the heavy nuclei, is
be introduced and evaluated. Solvation effect was investigated systematically from micro
salvation with explicit five water ligands to macro solvation in a cubic cell containing 64
water molecules for a long time scale (32 ps). The focus was investigation of the structure,
coordination environment and water-exchange mechanism using constraint dynamics within
the solvent shell using pseudopotentials. Further application to study spectroscopic
properties will be considered using DKH3 method.
[1] G. Lippert, J. Hutter and M. Parrinello, Theor. Chim. Acta, 103 (1999), 124.
[2] M. Krack and M. Parrinello, Phys. Chem. Chem. Phys., 2 (2000), 2105.
[3] The CP2K developers group, http://cp2k.berlios.de/, 2008.
[4] B. A. Hess, Phys. Rev. A, 33 (1986), 3742.
[5] M. Douglas and N. M. Kroll, Ann. Phys. (N. Y.), 82 (1974), 89.
[6] M. Reiher and A.Wolf, J. Chem. Phys., 121 (2004), 2037.
[7] J. E. Peralta, J. Uddin and G. E. Scuseria, J. Chem. Phys., 122 (2005), 084108.
[8] J. Thar and B. Kirchner, J. Chem. Phys., 130 (2009), 124103.
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Throwing jellium at gallium – A systematic superatom analysis of
metalloid gallium clusters
D.Schebarchov1 and N. Gaston2
1

MacDiarmid Institute for Advanced Materials and Nanotechnology, Industrial
Research Ltd., Lower Hutt 5040, New Zealand

Though elemental gallium is a “poor metal”, its structural modifications give rise to
a rather rich phase diagram. From the seven bulk phases that are known, only three
(high-pressure ones) resemble “true”-metal-like close-packing, whilst all others
manifest more elaborate crystal structures with varying degrees of covalent / molecular
bonding.[1] This polymorphic nature is even more overwhelming in metalloid Ga nLm
clusters (1<2m<n<27), many of which have only recently been synthesised and isolated
using various protective ligands L.[2] The emerging possibility of studying and,
perhaps, exploiting the “flexibility” of Ga atoms in performing different connectivities
is indeed exciting. However, interpreting this “flexibility” requires a good
understanding of the ligand interactions and the underlying electronic structure.
Here we present density-functional-theory-based calculations, carried out using
Vienna Ab-initio Simulation Package, of the electronic structure in a variety of Ga nLm
clusters. We then compare the calculated charge densities with that of bulk Ga and
analyse them in the context of the jellium “superatom” model.[3] In some cases we find
that charge density inside the respective Gan cores exhibits well-defined global spherical
shells and wide HOMO-LUMO gaps – indicating enhanced chemical stability. This
stability is attributed to both the presence of covalent Ga-L bonds and a closed jellium
shell (i.e. electron “magic” number). Our systematic analysis verifies that jellium
superatom shells can indeed play an important role in the thermodynamics of ligandprotected metal clusters, and also demonstrate the significant stabilising effect of metalligand interactions – something that is poorly accounted for in the current superatom
model.

[1] M. Bernasconi et al., Phys. Rev. B 52 (1995), 9988-98; E. Voloshina et al.,
ibid 79 (2009), 045113.
[2] H. Schnöckel, Dalton Trans. (2008), 4344-62
[3] H. Häkkinen, Chem. Soc. Rev. 37 (2008), 1847-57
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How Can the Strength of a Chemical Bond Be Determined?
Compliance Constants, Force Constants, and Bond Dissociation
Energies
E. Kraka1, W. Zou1, and D. Cremer1
1

CATCO Research Group (http://smu.edu/catco/)
Department of Chemistry, Southern Methodist University
3215 Daniel Ave, Dallas, Texas 75275-0314, USA
The chemical bond is a fundamental concepy in chemistry. Nevertheless, bond
properties such as the bond strenght are elusive properties, which is a direct
consequence of the fact that the chemical bond cannot be observed. Therefore all bond
properties can only be determined within a given model. Bond dissociation energy,
bond length, bond density, bond order, etc. are model quantities that may reflect the
bond strength in a qualitative way but otherwise are insufficient to provide a reliable
description of the bond strength. - There have been many attempts to describe the bond
strength via the force constants of vibrational spectroscopy. However, the force
constants of the vibrational normal modes depend on the coordinates chosen to describe
the molecule in question and, in addition, contain coupling effects between different
normal modes. This has led to the use of compliance constants (“displacement constants
when applying a unit force”), which are coordinate independent and not contaminated
by coupling effects. Since the pioneering work of Decius, Cyvin, and others on
compliance constants more than 50 years ago, the latter have been frequently used to
describe the strength of chemical bonding. Disturbing in this connection is that i)
compliance constants are not measurable, ii) difficult to calculate, iii) do not relate to
vibrational modes or vibrational frequencies, and iv) indicate increasing bond strength
by increasing smallness. Point iv) implies that weak non-covalent interactions lead to
huge compliance constants with extreme sensitivity to numerical errors. – It is shown
that compliance constants become superfluous when the force constants of strictly
localized vibrational modes are applied. The local vibrational modes are accessible via
spectroscopic measurements or quantum chemical calculations [1,2]. For the first time,
mathematical proof is given that compliance constants are identical to the inverse force
constants of local vibrational modes. In addition, the coupling frequencies are
determined that combine local mode frequencies with normal mode frequencies. The
force constants and frequencies of localized bond stretching modes provide reliable and
attractive measures for the strength of the chemical bond. This is demonstrated for both
noncovalent and covalent bonding.
[1] D. Cremer and E. Kraka, C
 urr. Org. Chem., 14, (1524), 2010.
[2] E. Kraka, J.A. Larsson and D. Cremer, in Vibrational Modes in Computational IR
Spectroscopy, J. Grunenberg, Ed.; Wiley, New York, 2010, p.105.
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Analytical formula of anharmonic Franck-Condon factors and its
application to molecular electronic spectroscopy
Chaoyuan Zhu and Sheng Hsien Lin
Department of Applied Chemistry, Institute of Molecular Science,and Center for
Interdisciplinary Molecular Science, National Chiao-Tung University, Hsinchu 30010,
Taiwan

Analytical formula of anharmonic Franck-Condon factors were derived based on the
first-order perturbation correction to displaced harmonic oscillators and it is immediate
consequence that mirror image between absorption and fluorescence spectra is broken
down. There are two explicit effects: one is that the Huang-Rhys factor corrections are
different for absorption and fluorescence emission and the other is dynamic shift of
excitation energy to 0-0 transitions. It was demonstrated that anharmonic corrections
could improve spectrum positions and band shapes simultaneously for absorption and
fluorescence spectra. Anharmonic Franck-Condon simulation of absorption and
fluorescence spectra for the certain azabenzene molecules were demonstrated and its
results agree well with experimental observations.
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Accounting for anharmonicity
D. L. Crittenden1
1

Department of Chemistry, University of Canterbury, Christchurch, New Zealand

Reproducing gas phase infrared spectroscopy measurements provides a stringent test
for the accuracy of quantum chemical methods. Assuming that the Born-Oppenheimer
approximation is valid, one must:
a) solve the electronic Schrodinger equation, and map out a complete potential
energy surface (PES) for the system
b) solve the nuclear vibrational Schrodinger equation for nuclei moving on the
Born-Oppenheimer PES.
It is well known that the treatment of electron correlation and size of the basis set
expansion determine the accuracy of electronic structure methods. However, as these
effects are largely constant across the PES, particularly for small displacements about
equilibrium, it is the computational expense associated with mapping out the relevant
conformation space that is the limiting factor in determining complete and accurate
potential energy surfaces.
The usual approach is to approximate the potential energy surface as a product of
parabolic functions along orthogonal coordinates (the harmonic normal-mode
approximation). This assumption also simplifies the nuclear vibrational Schrodinger
equation to an analytically solvable problem, so is appealing on many levels. However,
this approach overestimates vibrational frequencies by up to 7% for correlated methods
like MP2 & QCISD with double zeta basis sets.[1]
In this talk, we argue that a simple transformation from Cartesian coordinates to
inverse bond length coordinates can provide reasonable estimates of higher order
Cartesian derivates at negligible computational cost. Anharmonicity effects on the
nuclear vibrational wavefunction may then be captured using any standard postharmonic method e.g. VPT, VCI, VSCF.
[1] A. P. Scott and L. Radom, J. Phys. Chem., 100 (1996), 16502
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Quantum chemistry in Schrödinger and Dirac accuracy: Atoms and molecules in
strong magnetic field
H. Nakashima and H. Nakatsuji
Quantum Chemistry Research Institute and JST, CREST,
Kyodai Katsura Venture Plaza, North building 106, 1-36 Goryo-Oohara, Nishikyo-ku,
Kyoto, 615-8245, Japan
In universe, very strong magnetic field that can never be realized on earth exists.
For astronomy, signals from the universe and theoretical results on earth are the only
means to reveal our nature. The free complement (FC) method for solving the
Schrödinger and Dirac equations has been applied to the hydrogen atom in extremely
strong magnetic fields. For very strong fields such as those observed on the surfaces of
white dwarf, neutron stars, and even magnetar that has the strongest magnetic field
(  1015 G) ever observed in the universe, we obtained highly accurate non-relativistic
and relativistic energies and wave functions of the hydrogen atom. Certain excited
states show perfect diamagnetism in extremely strong fields with infinite number of
degeneracies at the energies that are the same as those of the free hydrogen atom.
Similar studies were also done for simple atoms and molecules. In the case of difficult
integral evaluation, the LSE (local Schrödinger equation) method was useful. Our
methodology of solving the Schrödinger and Dirac equations provides an accurate
theoretical tool for studying the phenomena that occur under strong magnetic fields.
These are the firstly reported accurate quantum mechanical calculations ever done for
the atoms and molecules in very strong magnetic fields.
1. H. Nakashima, H. Nakatsuji, Astrophys. J., 725, 528 (2010).
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David J. Wilson1, Tryge Helgaker2, and Antonio Rizzo3
1

La Trobe Institute for Molecular Science, La Trobe University, Melbourne, Australia
Centre for Theoretical and Computational Chemistry, University of Oslo, Norway.
3
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2

We report benchmark studies of DFT and CCSD(T) calculated magnetizabilities for a
series of 22 fluorine-containing molecules, systems for which the calculation of
magnetic properties is particularly challenging. All calculations make use of London
atomic orbitals (the GIAO approach), while basis sets up to aug-cc-pV6Z have been
employed. Statistical analysis of results provides insight into the performance of various
density functionals in the calculation of magnetic properties.
Several applications will be presented, with results compared to available experimental
data. This includes the set of fluorine containing molecules, for which the link with
aromaticity will be explored. An investigation of PF3 indicates unusually slow basis set
performance (up to aug-cc-pV6Z), and the need to explicit core basis functions (up to
aug-cc-pCV5Z). Results for ferrocene will also be presented. These coupled cluster
results represent the largest and likely most accurate calculations ever reported for
molecular properties of this fascinating molecule.
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Multi-electron dynamics in strong laser field:
Simple multiconfiguration time-dependent approaches
T. Sato1 and K. L. Ishikawa1
1

Photon Science Center, School of Engineering, The University of Tokyo, Tokyo, Japan

The purpose of this work is the elucidation of the roles played by multi-electron dynamics and the electron correlation in the high-field phenomena in atoms and molecules
such as above-threshold ionization (ATI) and high-order harmonic generation (HHG). The
time-dependent Schrödinger equation (TDSE) exactly describes the dynamics of atoms and
molecules in strong laser fields. However, TDSE simulations of multi-electron atoms and
molecules are quite difficult. Various approximate schemes, therefore, have been suggested
such as single-active electron (SAE) approximation and strong field approximation (SFA).
Although these models are physically sound and computationally feasible, they do not take
into account the multi-electron dynamics or the electron correlation. Moreover, effective
one-electron potentials, used in SAE simulations, cannot easily be generated for general
polyatomic molecules. Approximate yet multi-electron time-dependent theories are required,
bridging the gap between the exact TDSE and the simplified models.
In the present contributions, we focus on the tunneling ionization and HHG processes. As
well known, most of the ground-states of closed shell molecules are described qualitatively
well by the restricted Hartree-Fock (RHF) method. However, the time-dependent HartreeFock (TDHF) method, a straightforward time-dependent generalization of RHF, gives qualitatively wrong descriptions for ionization processes. One of the reasons of this failure is that
the RHF wavefunction enforces the closed-shell structure at each time step during a simulation. In a two-electron system, e.g., TDHF cannot describe the spatially different motions
of the ejected electron and that left in the ionic core. A frequently used absorbing potential makes the problem even severer. The proper sturucture of the wavefunction is required
adapting the spatial and spin symmetries in the time-dependent field.
In this work, we propose simple multiconfiguration time-denendent approachess based on
the concepts of the generalized valence bond theory (TD-GVB). We present the structure of
the wavefunction, the equation of motion, and the relation to other promissing approaches
such as multiconfiguration time-dependent Hartree-Fock (MCTDHF) and time-dependent
configuration interaction singles (TD-CIS). We will also provide some numerical results for
exactly solvable problems such as one-dimensional He model.
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The electronic coupling for electron transfer and excitation energy
transfer
Chao-Ping Hsu
Institute of Chemistry, Academia Sinica,
128 Section 2 Academia Road, Nankang, Taipei 115, Taiwan
To study the electron transfer (ET) and excitation energy transfer (EET) processes, it is
necessary to employ the diabatic states in the system description, since near the transition
state where the reactant and product states cross, the Born-Oppenheimer approximation is
no longer valid, and therefore, the eigen states obtained from fixed nuclear positions can
no longer properly describe the system. The electronic coupling between the two diabatic
reactant and product states is one important parameter for ET and EET reaction rates. Computational characterization schemes for the electronic coupling has been developed [1], and
they have been useful in offering new physical insights in applications.
In this presentation, I will first review the development in the electronic coupling characterization method. Examples on how these new methodologies help us gain insights for the
ET and EET systems will also be introduced. In particular, I plan to demonstrate how the new
methodologies helped us understand (1) the short-range component and role of the linking
bridge in the singlet EET [2, 3]. (2) the development of triplet EET and its application in
the phytosynthetic light-harvesting complexes [4], and (3) the charge transport properties in
tris(8-hydroxyquinolinato)aluminum(III), a widely used electron transporting material, from
its structural perspectives.
[1] C.-P. Hsu, Acc. Chem. Res., 42, (2009), 509
[2] C.-P. Hsu, Z.-Q. You, H.-C. Chen, J. Phys. Chem. C, 112, (2008), 1204
[3] H.-C. Chen, Z.-Q. You, C.-P. Hsu, J. Chem. Phys., 129, (2008), 084708
[4] Z.-Q. You, C.-P. Hsu, J. Phys. Chem. A, 152, (2011), 4092
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Towards Accurate Electronic Structure Methods for Large Molecules
Krishnan Raghavachari
Department of Chemistry, Indiana University, Bloomington, Indiana, USA

The development of accurate and broadly applicable models for large molecules
continues to be a major challenge in quantum chemistry. Hybrid models such as
QM/MM or QM/QM (where the central region and the surrounding region are
partitioned and treated with two different levels of theory) offer a promising avenue for
modeling large systems. We are presently developing a hierarchy of ONIOM-based
embedded cluster methods, where the treatment ranges from simple point charge
electrostatic embedding to including the effects of charge transfer across regional
boundaries to more complex treatments involving multiple fragments and interactions.
We will also describe our current development status and present results from initial
applications to large molecules.
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Global optimisation of nanoalloys using Density Functional Theory
R. L. Johnston1, A. J. Logsdail1, S. Heiles and R. Schäfer2
1

2

School of Chemistry, University of Birmingham, Birmingham B15 2TT, UK
Eduard-Zintl-Institut für Anorganische und Physicalische Chemie, Technische
Universität Darmstadt, 64287 Darmstadt, Germany

It has been shown that for many bimetallic nanoparticles (or “nanoalloys” [1]) a two
stage approach, namely performing global optimisation using an empirical many-body
potential, followed by local minimisation of a variety of candidate structures at a higher
level of theory – usually Density Functional Theory (DFT) – can lead to reliable cluster
geometries and chemical ordering [2]. However, there are limitations to the use of
empirical potentials – for example, they do not reproduce the planar structures of small
Au-containing clusters [3] and there are some systems (e.g. Sn. Pb and Bi) for which no
realistic empirical potentials exist.
In this presentation, after a brief introduction to the field of nanoalloys, I will
introduce a novel genetic algorithm based program for the direct global optimisation of
small bimetallic nanoalloys directly at the DFT level (with DFT calculations performed
using the PWscf code within QuantumEspresso) [4]. Example applications will
include: the investigation of the 2D-3D transition in small Au-Ag nanoalloys as a
function of size and composition (see Figure 1); and the study of the effect of Bi doping
on the structures of small Sn clusters.

Figure 1. 2D-3D interconversion in 8-atom Au-Ag clusters induced by Ag doping
[1] R. Ferrando, J. Jellinek and R. L. Johnston, Chem. Rev., 108 (2008), 845
[2] R. Ferrando, A. Fortunelli and R. L. Johnston, Phys. Chem. Chem. Phys., 10 (2008),
640
[3] M. Neumaier, F. Wiegend, O. Hampe and M. M. Kappes, Faraday Discuss., 138
(2008), 393 (and references therein)
[4] S. Heiles, A. J. Logsdail, R. Schäfer and R. L. Johnston, Nanoscale,
DOI:10.1039/C1NR11053E
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Recent Advances in TD-DFT
Wenjian Liu
Institute of Theoretical and Computational Chemistry, College of Chemistry and
Molecular Engineering, Peking University, Beijing 100871, P. R. China

In this lecture I shall present the formulations and applications of relativistic,
open-shell, and linear-scaling versions of time-dependent density functional linear
response theory (TD-DFT) for electronically excited states of molecular systems.
Specifically, the R-TD-DFT[1-3] furnishes a unified framework for four-, two-, and
one-component relativistic as well as non-relativistic TD-DFT in conjunction with the
non-collinear form[4] of the exchange-correlation kernel and arbitrary point group
symmetries[5]. The open-shell TD-DFT[6-8] based on the idea of tensor coupling is
as simple and accurate as the closed-shell counterpart. The linear-scaling TD-DFT[9]
based on the idea of "from fragments to molecule" is "perfectly linear" with respect to
the system size, in the sense that it has a very small prefactor and hence no crossover
point. All these will be illustrated with showcase studies.
Reference:
1. J. Gao, W. Liu, B. Song, and C. Liu, J. Chem. Phys., 121 (2004) 6658.
2. J. Gao, W. Zou, W. Liu, Y. Xiao, D. Peng, B. Song, and C. Liu, J. Chem. Phys.,
123 (2005), 054102.
3. D. Peng, W. Zou, and W. Liu, J. Chem. Phys., 123 (2005), 144101.
4. F. Wang and W. Liu, J. Chin. Chem. Soc. (Taipei), 50 (2003), 597.
5. D. Peng, J. Ma, and W. Liu, Int. J. Quantum Chem., 109 (2009), 2149.
6. Z. Li and W. Liu, J. Chem. Phys., 133 (2010), 064106.
7. Z. Li, W. Liu, Y. Zhang, and S. Suo, J. Chem. Phys., 134 (2011), 134101.
8. Z. Liu and W. Liu, J. Chem. Phys. (submitted).
9. F. Wu, W. Liu, Y. Zhang, and Z. Liu, J. Chem. Theor. Comput. (2011, in press).
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Recent progress and applications of SAC-CI
Masahiro Ehara
Institute for Molecular Science, Nishigo-Naka 38, Okazaki 444-8585, Japan
The symmetry-adapted cluster-configuration interaction (SAC-CI) theory [1] has
been applied to wide varieties of molecular spectroscopy and photochemistry [2].
Recently, we develop the methods to investigate the solvent effect in the excited states
[3] and to calculate the resonance states [4]. In this presentation, we would like to
introduce our recent progress of the SAC-CI method calculating the resonance states
with the complex absorbing potential [4]. We also introduce some of the SAC-CI
applications such as photophysical properties of organic light emitting diodes [5,6] and
organic dyes for dye-sensitized solar cells [7].
[1] H. Nakatsuji, Chem. Phys. Lett. 59, 362 (1978); ibid. 67, 329, 334 (1979).
[2] M. Ehara, J. Hasegawa, H. Nakatsuji, in Theory and Applications of Computational
Chemistry: The First 40 Years, pp. 1099-1141, edited by C.E. Dykstra, G. Frenking, K.S. Kim,
G.E. Scuseria, (Elsevier, Oxford, 2005).
[3] R. Cammi, R. Fukuda, M. Ehara, H. Nakatsuji, J. Chem. Phys. 133, 024104 (2010);
R. Fukuda, M. Ehara, H. Nakatsuji, R. Cammi, J. Chem. Phys. 134, 104109 (2011).
[4] CAP/SAC-CI; joint work with T. Sommerfeld.
[5] P. Poolmee, M. Ehara, H. Nakatsuji, Theor. Chem. Acc. (Prof. Nagase Festschrift) in press.
[6] S. Suramitr, S. Phalinyot, P. Wolschann, R. Fukuda, M. Ehara, S. Hannongbua, submittted.
[7] S. Namuangruk et al, in preparation.

53

S ESSION 10: M ETHOD D EVELOPMENT II – TALK 3

APCTCC-5

New Quantum Chemical Methods for Calculating Electronic Excited
States of Large Systems
Haibo Ma
School of Chemistry and Chemical Engineering, Institute of Theoretical and Computational
Chemistry, Key Laboratory of Mesoscopic Chemistry of MOE, Nanjing University, Nanjing
210093, China
We present a new low-scaling fragment-based quantum chemical method for calculating
excited states of large systems with the implementation of the renormalized excitonic method
(REM) [1] at ab initio level. Based on the assumption that the low-lying excited states of the
whole system may be described as a linear combination of different local excitations, the
REM is anticipated to be able to well describe both the localized and the delocalized excited
states of large systems, which are difficult for traditional quantum chemical calculations with
economic computational costs. Test calculations for hydrogen molecule chains and more realistic systems (such as polyenes and polysilenes) with orthogonal localized MOs (OLMOs)
[2] and block canonical molecular orbitals (BCMOs) [3] demonstrate that satisfactory results
for a band of lowest excited states can be obtained for both weakly correlated systems and
strongly correlated systems if the near degeneracies between the model space and the outer
space are avoided and if medium sized blocks are used or interactions between the nextnearest neighbor blocks are considered. This provides a new possibility to accurately and
economically describe the low-lying localized or delocalized excited states of large systems,
even inhomogeneous ones.
[1] M. A. Hajj, J. -P. Malrieu and N. Guihéry, Phys Rev B, 72 (2005), 224412.
[2] H. Zhang, J. -P. Malrieu, H. Ma and J. Ma, J. Comp. Chem., in press, (2011).
[3] Y. Ma, Y. Liu and H. Ma, J. Chem. Phys., submitted.
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An Efficient Parallel Tensor Algebra Library for Easy Development
of Electronic Structure Methods like CC or ADC
M. Wormit1 , E. Epifanovski2 , A. Krylov2 , and A. Dreuw3
Centre for Theoretical Chemistry and Physics, Massey University, Auckland, New
Zealand
2
University of Southern California, Los Angeles, United States
3
Interdisciplinary Centre for Scientific Computing, University of Heidelberg, Germany
1

The implementation of an electronic structure method which aims at being efficient,
parallel, and applicable to large systems requires sound knowledge of numerics, computer
architecture, and library interfaces. The acquisition of this knowledge is time consuming
and keeps scientists who are experts in electronic structure theory from developing new
methods and approximations. To target this problem we have developed a new tensor
algebra library. The library is a C++ template library with an easy-to-use interface that
facilitates straightforward implementation of equations as they occur in quantum chemical
methods. At the same time it provides efficient data management of large tensors that
do not fit into memory, the distribution of computations over multiple cores, and the
optimization of operations using, e.g., intrinsic symmetry of tensors. Its modular design
with well-documented programming interfaces makes it extendible at various levels. As
example for usage and performance, we outline the implementation of the excited state
method ADC(2) [1, 2] on top of the tensor library.
[1] J. Schirmer, Phys. Rev. A, 26 (1982), 2395
[2] J. H. Starcke, M. Wormit, and A. Dreuw, J. Chem. Phys., 120 (2009), 024104
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The Contrathermodynamic Abstraction of Hydrogen By Chlorine
Atom From Amino Acids
R.J. O’Reilly1, B. Chan1, S. Ivanic1, M.S. Taylor1, G.B. Bacskay1, C.J. Easton2,
and L. Radom1
1

ARC Centre of Excellence for Free Radical Chemistry and Biotechnology and School
of Chemistry, University of Sydney, Sydney, NSW 2006, AUSTRALIA
2
Research School of Chemistry, Australian National University, Canberra, ACT 0200,
AUSTRALIA

In a recent experimental study of the radical chlorination of a range of aliphatic
amino acids and their N-acetylated derivatives, a striking result was that no reaction was
observed at the α-position of any of these compounds [1]. In fact, the reactivity towards
hydrogen-atom abstraction was seen to increase along the side chain, away from the
α-carbon:

As α-carbon-centered radicals of N-acylated amino acids are known to be
significantly stabilized (by captodative interactions), the experimental finding of
relatively slow abstraction rates to produce them represents a substantial
contrathermodynamic effect. The apparent lack of reactivity towards hydrogen- atom
abstraction from the backbone and adjacent side-chain positions led Watts and Easton to
suggest this as one reason why nature may have selected α-amino acids as the structural
motifs in peptides and proteins [1]. Otherwise these biopolymers would rapidly degrade
in an environment where they are constantly surrounded by and processing radicals. We
have carried out quantum chemistry calculations to try to understand the experimental
observations [2]. Highlights will be reported in this presentation.
[1] Z. I. Watts and C. J. Easton, J. Am. Chem. Soc., 131 (2009), 11323.
[2] R. J. O’Reilly et al, J. Am. Chem. Soc., 133 (2011), in press.
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Model for the Exceptional Reactivity of Peroxiredoxins 2 and 3 with
Hydrogen Peroxide: a Kinetic and Computational Study
A. Karton1, P. Nagy2, A. Betz2, A. V. Peskin2, P. Pace2, R. J. O'Reilly1, M. B.
Hampton2, L. Radom1, and C. C. Winterbourn2
1

School of Chemistry and ARC Centre of Excellence for Free Radical Chemistry and
Biotechnology, University of Sydney, Sydney,
Australia
2
Department of Pathology and National Research Centre for Growth and
Development, University of Otago, Christchurch, New Zealand

Peroxiredoxins (Prxs) are an important family of enzymes involved in antioxidant
defense and redox signalling. Their main function is to catalyze the decomposition of
hydrogen peroxide in vivo. Prxs have one of the highest turnover numbers of all known
enzymes (kcat ~ 107 M–1s–1). The present collaboration between theory and experiment
attempts to elucidate the mechanism of the high reactivity and specificity of Prxs with
H2O2. We find that two highly conserved arginine residues in the active site (ArgI and
ArgII) play a cooperative role in the exceptional reactivity with H2O2. In particular,
simultaneous partial protonation by both arginine residues at each end of the hydrogen
peroxide substantially reduces the barrier for an SN2 reaction with the sulfhydryl group
of the cysteine residue in the active site.
[1] P. Nagy, A. Karton, A. Betz, A. V. Peskin, P. Pace, R. J. O’Reilly, M. B. Hampton,
L. Radom, and C. C. Winterbourn, J. Biol. Chem., 286 (2011), 18048
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Theoretical Investigations on the Formation of NitrobenzanthroneDNA Adducts
Johannes Reynisson1, David H. Phillips2, and Volker M. Arlt2
1

2

School of Chemical Sciences, The University of Auckland, New Zealand
Sectionof Molecular Carcinogenesis, Institute of Cancer Research, Sutton, Surrey, UK

3-Nitrobenzanthrone (3-NBA) is a potent mutagen and suspected human carcinogen
identified in diesel exhaust [1]. The thermochemical formation cascades were calculated
for six 3-NBA-derived DNA adducts employing its arylnitrenium ion as precursor using
density functional theory (DFT). Clear exothermic pathways were found for four
adducts, i.e., 2-(2’-deoxyadenosin-N6-yl)-3-aminobenzanthrone, 2-(2’-deoxyguanosinN2-yl)-3-aminobenzanthrone, N-(2’-deoxyguanosin-8-yl)-3-aminobenzanthrone and 2(2’-deoxyguanosin-8-yl)-3-aminobenzanthrone. All four have been observed to be
formed in cell-free experimental systems. The formation of N-(2’-deoxyadenosin-8-yl)3-aminobenzanthrone is predicted to be not thermochemically viable explaining its
absence in either in vitro or in vivo model systems. However, 2-(2’-deoxyadenosin-8yl)-3-aminobenzanthrone, can be formed, albeit not as a major product, and is a viable
candidate for an unknown adenine adduct observed experimentally. 2-nitrobenzanthrone
(2-NBA), an isomer of 3-NBA, was also included in the calculations; it has a higher
abundance in ambient air than 3-NBA, but a much lower genotoxic potency [2]. Similar
thermochemical profiles were obtained for the calculated 2-NBA-derived DNA adducts.
This leads to the conclusion that enzymatic activation as well as the stability of its
arylnitrenium ion are important determinants of 2-NBA genotoxicity [3].
[1] V. M. Arlt, Mutagenesis, 20 (2005), 399
[2] V. M. Arlt et al, Tox. Sci., 98 (2007) 445
[3] V. M. Arlt, D. H. Phillips and J. Reynisson, Org Biomol. Chem. (2011), in print
DOI: 10.1039/c1ob05570d
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Molecular dynamics simulation based on polarized protein-specific
charge
Zhang Dawei1
1

Division of Chemistry and Biological Chemistry, School of Physical and Mathematical
Sciences, Nanyang Technological University, Singapore 637371, Singapore

Molecular dynamics studies of protein structure and protein folding based on polarized
protein-specific charge (PPC) are presented. Since the PPC is derived by charge fitting to
electrostatic potential (ESP) from the quantum mechanical calculation of the protein in
continuous solvent using molecular fractionation with conjugate caps (MFCC) approach and
Poisson-Boltzmann solvation model, it contains the proper polarization effect and should
provide more reliable description of the highly inhomogeneous environment inside the protein.
For comparison, the same molecular dynamics simulations but under existing AMBER charges
are performed. These studies demonstrate the importance of electrostatic polarization in protein
dynamics.
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DFT studies on the carboxylation of the C-H bond of heteroarenes by
copper(I) complexes
B. F. Yates1, A. Ariafard1,2, F. Zarkoob,2 H. Batebi,2 and R. Stranger3
1

School of Chemistry, University of Tasmania, Hobart, Australia
Department of Chemistry, Islamic Azad University, Tehran, Iran
3
Research School of Chemistry, Australian National University, Canberra, Australia
2

In this study we have used density functional theory (DFT) to identify a new mechanism for
the formation of carboxylate compounds from heteroarenes such as benzoxazole in the presence
of copper catalysts. This new mechanism involves the formation of a carbene intermediate
which is indirectly stabilized by the electron releasing copper. This intermediate carbene can
isomerise to the experimentally observed resting state of the catalytic cycle, but it is the
intermediate carbene itself which has the greater reactivity towards CO2 and which leads to the
final carboxylate product via a lower energy pathway. Our findings demonstrate the importance
of considering metal-stabilised carbenes in such reactions. Our findings also suggest that this
carbene intermediate can act as a nucleophile in other organometallic reactions. [1]
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[1] A. Ariafard, F. Zarkoob, H. Batebi, R. Stranger, and B. F. Yates, Organometallics,
30 (2011), submitted
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Ab initio Characterizations of Photo-induced Electron Transfer
Reaction Rates in the Heptacyclo-tetradecane spaced molecules
Sheng-Jui Lee1,2, Hsing-Hui Lin2, Chao-Ping Hsu1, and I-Chia Chen2
1

2

Institute of Chemistry, Academia Sinica, Nankang, Taipei, Taiwan
Department of Chemistry, National Tsing Hua University, Hsinchu, Taiwan
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The electronic coupling values for photo-induced electron transfer (ET) in a series of
heptacyclo[6.6.0.02,6.03,13.014,11.05,9.010,14]-tetradecane (HCTD) spaced molecules
(Figure 1) were calculated by the Fragment Charge Difference [1] methods. The lowest
two local excited states of each molecule are very different in their ET rates. In some
cases, we also used a three-state model [2] and the image charge approximation [3-4] to
improve the results. The semi-classical Marcus equation [5-6] is used for predicting the
ET rate and comparing with the experiment results (Figure 2).
The calculated ET rates are in a marginal agreement with the experimental rates with
an improved fluorescence up-conversion system [7-8]. From this comparison, it is
possible to check for the validity of proposed photoinduced ET process. For the case of
2a, there is a chance that the actual ET is from the vibronic effects of a forbidden, lower
excited state.

Figure 1: Molecules studied in the present
work

10

14

10

13

10

12

10

11

10

10

1c
1a

2a

	
  c a lc ula te d
	
  m e a s ure d
	
  m e a s ure d	
  [8]

1b
2c

2b

3a

3c

10

9

10

8

10

7

10

6

3b

-‐1.6

-‐1.4

-‐1.2

-‐1.0

-‐0.8

-‐0.6

-‐0.4

-‐0.2

0.0

ΔG 	
  (e V )

Figure 2: The experimental and calculated ET
rates

[1] A.A. Voityuk and N. Rösch, J. Chem. Phys., 117, 5607, (2002).
[2] M. Rust, J. Lappe, and R.J. Cave, J. Phys. Chem. A, 106, 3930 (2002).
[3] H.L. Friedman, Mol. Phys., 29, 1533 (1975).
[4] H.-C. Chen and C.-P. Hsu, J. Phys. Chem. A., 109, 11989 (2005).
[5] R.A. Marcus and N. Sutin, Biochim. Biophys. Acta, 811, 265 (1985).
[6] R.A. Marcus, J. Chem. Phys., 43, 679 (1965).
[7] S.-J. Lee, H.-C. Chen, Z.-Q. You, K.-L. Liu, T.J. Chow, I-C. Chen, and C.-P. Hsu,
Mol. Phys., 108, 2775-2789 (2010).
[8] T.J. Chow, N.-R. Chiu, H.-C. Chen, C.-Y. Chen, W.-S. Yu, Y.-M. Cheng, C.-C.
Cheng, C.-P. Chang and P.-T. Chou, Tetrahedron, 59, 5719 (2003).
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Reduction reactions involving multiple spin states that forms singlybonded low-valent Mn-Mn complexes: A theoretical study
J. –S. K. Yu1, and Y. –C. Tsai2
1

Department of Biological Science and Technology, National Chiao Tung University,
Hsinchu City, Taiwan
2
Department of Chemistry, National Tsing Hua University, Hsinchu City, Taiwan

Based on ab initio and density functional theories (DFT) we previously proposed a
two-step reduction of the reaction mechanism [1] that satisfactorily explained the
geometrical transformation in dinuclear zinc complexes from a hexagonal core structure
(1) to a bi-cyclobutanol core structure (2) in Scheme 1. The potential energy surface
(PES) in reference [1] suggested that the energy difference between intermediates Ia
and Ib is only 0.3 kcal/mol by MP2 theory.
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Scheme 1. The two-step reduction of
dinuclear zinc complexes.

Scheme 2. Analogous reduction path in
the di-manganese system.

In this study we report the study of recently characterized singly-bonded Mn–Mn
complexes [2] of which geometrical motifs (5- in Scheme 2) exactly match the
theoretically predicted intermediate (Ia in Scheme 1). The reduction mechanisms and
antiferromagnetism in the Mn–Mn bonding system are investigated by brokensymmetry DFT approach.
[1] Y.-C. Tsai, D.-Y. Lu, Y.-M. Lin, J.-K. Hwang, J.-S. K. Yu, Chem. Commun. (2007),
4125.
[2] D.-Y. Lu, J.-S. K. Yu, T.-S. Kuo, G.-H. Lee, Y. Wang, Y.-C. Tsai, Angew. Chem.
Int. Edit. 50, (2011) 7611.
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Inorganic and Organometallic Syntheses by Computation
Alastair J. Nielson1 and John A. Harrison1
1

Chemistry, Institute of Natural Sciences, Massey University at Albany, Private Bag 102
904, North Shore Mail Centre, Auckland, New Zealand.

The advent of high-powered computing facilities and high level calculations now allows
fully optimised structures to be obtained for inorganic and organometallic complexes which
have very good physical parameter comparisons to X-ray structures. Now that simplified
models of these complexes no longer need to be used, the possibility of forming energyminimised structures of compounds which have not been actually prepared is a reality. This
ideology removes the need for bench syntheses which may be complicated or produce
compounds which may be difficult to handle. The computational approach gives a complete
understanding of bonding characteristics through bonding analysis techniques and the
spectroscopic data can also be obtained if needed. Computations in the inorganic and
organometallic chemistry fields need not be the preserve of the theoretician as programs are
available which allow ease of use with only a basic understanding of the fundamentals
involved. We have used this ‘synthesis by computation’ approach to prepare complexes that
have inter- or intramolecular Si-H····M and C-H····M close approaches, firstly by
computing the structure of complexes for which an X-ray structure is known and then have
moved on to other metals to ascertain the structure involved. The computed structure of
[{Zr(CpSiMe2H)Cl3}2] shows very good comparison to the X-ray structure.
[{Hf(CpSiMe2H)Cl3}2] is similar to the Zr complex, in [{Ti(CpSiMe2H)Cl3}2] the Si-H····M
interaction no longer exists and in [{Mo(CpSiMe2H)Cl3}2] the interaction strengthens [1].
The computed structure of [{CH(ArO)3}Ti(NEt2)] shows very good comparison to the X-ray
structure and in the computed structures [{CH(ArO)3}M(NEt2)] (M = Fe, Mo) the C-H····M
interaction persists. An energy minimised structure for [{CH(ArO)3}Ni(NEt2)] was not
obtained but replacing the NEt2 ligand with OPh allows optimisation as the phenoxo ligand
is a weaker π-donor.

[{Ti(CpSiMe2H)Cl3}2]

[{CH(ArO)3}Ti(OPh)]

[1] M. Lein, J. A. Harrison, A. J. Nielson, Dalton Trans., 2011, in press.
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The Role of Relativistic Many-Body Theory in the Determination of
the Electric Dipole Moment of the Electron
B. P. Das1
1

Theoretical Physics and Astrophysics Group, Indian Institute of Astrophysics,
Bangalore 560034, India

The electric dipole moment (EDM) of a non-degenerate physical system arises from
parity and time-reversal violating interactions. It is now well established that atomic and
molecular EDMs in addition to providing unique insights into the origin of timereversal symmetry/CP violation can also serve as probes of the Standard Model of
particle physics.
The possible existence of the EDM of an electron could give rise to the EDM of an
atom. Such an EDM is genuinely relativistic in character and vanishes completely in the
non relativistic limit. By combining the EDM enhancement factor of an atom (ratio of
the EDM of the atom to the EDM of the electron) and the measured value of the EDM
of the same atom, it is possible to extract a limit for the EDM of the electron.
The EDM enhancement factor can be calculated using relativistic many-body theory.
In my talk, our relativistic coupled cluster calculations of this quantity for paramagnetic
atoms of experimental interest will be presented. The important role of electron
correlation, particularly in the case of thallium will be discussed. A new limit of the
electron EDM using the result our thallium EDM enhancement factor will be presented.
Preliminary results for the EDM of YbF will be reported.
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Simulating time evolution in Rigged QED
Kazuhide Ichikawa1 , Masahiro Fukuda1 , and Akitomo Tachibana1
1

Department of Micro Engineering, Kyoto University, Kyoto 606-8501, Japan

Simulations of time evolution of the quantum system involving light and matter are so
far performed using the time-dependent Schrödinger or Dirac equation with classical electromagnetic fields (i.e. semi-classical treatment) or using a quantized photon field with the very
much simplified matter part (so that the interaction between the photon and matter is introduced somewhat in an ad hoc manner). It is true that these approximations are appropriate for
a wide range of systems. We consider, however, it is of great importance to develop a simulation method based on QED (Quantum Electrodynamics) in the form of quantum field theory,
and without recourse to the perturbative approach. We believe such a theoretical technique
opens up a way to study and predict new phenomena.
The Rigged QED is a theory which has been proposed to treat dynamics of electrons,
photons and atomic nuclei in atomic and molecular systems in a quantum field theoretic way
[1]. We first discuss how we formulate time evolution of physical quantities in the framework of the Rigged QED [2]. To solve the dynamics in the Rigged QED, we need different
techniques from those developed for the conventional QED. As a first step toward this issue,
we propose a procedure to expand the Dirac field operator, which represents electrons, by
the electron annihilation/creation operators and solutions of the Dirac equation for electrons
in nuclear potential. Similarly, the Schrödinger field operators, which represent atomic nuclei, are expanded by nucleus annihilation/creation operators. Then we derive time evolution
equations for these annihilation and creation operators and discuss how time evolution of the
operators for physical quantities can be calculated.
We then argue how we may approximate the evolution equations of the operators with
the evolution equations for the density matrices of electrons and atomic nuclei. Under this
approximation, we carry out numerical simulation of the time evolution of charge density and
spintorque density. We also discuss how these quantities respond to external radiation field
and possible connection with molecular chirality.
[1] A. Tachibana, J. Chem. Phys. 115, 3497 (2001); in Fundamental World of Quantum
Chemistry, A Tribute to the Memory of Per-Olov Löwdin, ed. by E. J. Brändas and
E. S. Kryachko, (Kluwer Academic, Dordrecht, 2003), Vol. 2, p. 211; J. Mol. Struct.
(THEOCHEM), 943, 138 (2010).
[2] K. Ichikawa, M. Fukuda and A. Tachibana, submitted.
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Relativistic effects in the solid state: The origin of the unique
properties of HgX (X= S, Se, and Te)
S. Biering1, and P. Schwerdtfeger1
1

Centre for Theoretical Chemistry and Physics, New Zealand Institute for Advanced
Study, Massey University Auckland, Private Bag 102904, North Shore City,
0745 Auckland , New Zealand

The mercury chalcogenides in their solid state have exceptional crystallographic as
well as electronic properties [1]. More specifically, they are significantly altered com
pared to their lighter zinc and cadmium congeners.
It is well known that mercury, as one
of the heavier elements in the periodic
table, requires a relativistic treatment,
and it has been established that relativis
tic effects play an important role for the
molecular properties of compounds con
taining mercury [2]. Still, their influence
has not yet been investigated in detail for
the solid state [3].
Therefore, we present a comprehen
sive density functional study of the group
Fig.: The cinnabar structure (red: sulphur, cyan: mer
12 chalcogenides to understand the im
cury). Mercury oxide and sulphide in their solid state
pact of relativistic effects on the solid
crystallize in rather unusual chainlike structures,
state and electronic structure of the mer
namely montroydite and cinnabar. As low pressure
cury chalcogenides in order to explain
phases, both arrangements are unique to the mercury
their unique behavior compared to the
chalcogenides.
lighter group 12 congeners. The cohesive
energies and other groundstate properties (at the zerotemperature limit) are obtained to
identify the lowpressure phases and to discuss relativistic effects.
We show that relativity crucially influences the crystallographic structure in HgS, an
effect less pronounced in the heavier chalcogenides HgSe and HgTe. However, for
HgSe and HgTe we find that relativistic effects have a major impact on the electronic
structure, where the change upon neglect of relativity goes as far as to the restoration of
semiconducting properties.

[1] D. Grdenić, Quart. Rev. Chem. Soc., 19 (303), 1965
[2] P. Pyykkö, P. Chem. Rev., 88 (563), 1988
[3] S. Biering, A. Hermann and P. Schwerdtfeger, J. Phys. Chem. A, 113 (12427), 2009
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Benchmark Calculations of Atomic Properties of the 7p and 8s
Elements
A. Borschevsky1,2, V. Pershina, E. Eliav3, and U. Kaldor3
1

Centre for Theoretical Chemistry and Physics, The New Zealand Institute for
Advanced Study, Massey University, Auckland, New Zealand
2
GSI Helmholtzzentrum für Schwerionenforschung, Planckstr. 1, Darmstadt D-64291,
Germany
3
School of Chemistry, Tel Aviv University, 69978 Tel Aviv, Israel
Chemical studies on superheavy elements are among the most fundamental fields of
research [1]. They seek to probe the lower part of the periodic table, where nuclei
become unstable and the relativistic effects on the electronic shells are extremely strong.
Due to the short lifetimes and the low production rates of the superheavy atoms,
chemical experiments are extremely challenging, and strongly rely on theoretical
predictions both in designing the experiment and in the interpretation of its results. In
order to be reliable, atomic calculations performed on the superheavy elements must
treat relativity and electron correlations explicitly.
We have performed benchmark calculations of ionization potentials, electron
affinities, and static polarizabilities of the 7p and 8s elements (Z=112 to Z=120) [2].
These properties were calculated within the framework of the fully relativistic 4component Dirac-Coulomb-Breit Hamiltonian, with the electron correlation treated
using the Fock space coupled cluster approach (FSCC) [3], augmented by the
intermediate Hamiltonian method [4]. This combination of methods makes an extremely
powerful computational tool, allowing us to achieve meV precision. In order to assess
the accuracy of our results, similar calculations were carried out for the lighter
homologues, elements Tl to Ra, giving excellent agreement with experimental values
where available, and high quality predictions of the properties for which no
experimental data exist (i.e., the ionization potential of At, and polarizabilities of most
of the 6p elements). We expect the same high accuracy for our predictions for the
superheavy elements.
Here, we present the results of our calculations and discuss the trends in the
groups, demonstrating the dramatic influence of relativistic effects on atomic properties
of the superheavy elements..
[1] The Chemistry of Superheavy Elements, M. Schädel, Ed; Kluwer: Dordrecht,
The Netherlands (2003)
[2] V. Pershina, A. Borschevsky, E. Eliav, and U. Kaldor, in J. Chem. Phys 128,
024707 (2008); J. Chem. Phys 129, 144106 (2008); J. Phys. Chem. 112, 13712 (2008);
Chem. Phys. Lett. 132, 49 (2009)
[3] E. Eliav, U. Kaldor, and Y. Ishikawa, Phys. Rev. A 49, 1724 (1994)
[4] A. Landau, E. Eliav, and U. Kaldor: Chem. Phys. Lett. 313, 399 (1999); J. Chem.
Phys 115, 2389 (2001); J. Chem. Phys 122, 224113 (2005)
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Exploring Large Molecular Assemblies: The Art of Nearly Impossible
S. R. Gadre, S. D. Yeole and A.P. Rahalkar
Department of Chemistry, IIT Kanpur,
Kanpur – 208016, INDIA
E-mail: gadre@iitk.ac.in
An algorithm based on electrostatic guidelines [1-2] for systematically building energetically
favourable structures of weakly bound molecular clusters will be presented. This will be
followed up by illustrative examples of its applications to a variety of molecular clusters.
Further, the structures, energetics and vibrational spectra of the large molecular aggregates
treated at high-level ab initio theory (MP2 and CCSD(T)) using molecular tailoring approach [3,
4] will be discussed.
A new algorithm for mapping the topography of molecular electron density (MED) and
molecular electrostatic potential (MESP) of large molecules will be outlined. Applications of the
algorithm to some molecular clusters for economically locating the critical points of MED and
MESP will be presented [5].

[1] S. R. Gadre and R. N. Shirsat, Electrostatics of Atoms and Molecules, Universities Press,
Hyderabad (2000)
[2] S. D. Yeole and S. R. Gadre, J. Chem. Phys. 134, (2011) 084111
[3] A. P. Rahalkar, S. D. Yeole and S. R. Gadre, Theor. Chem. Accts. (2011) In press
[4] V. Ganesh, R. K. Dongare, P. Balanarayan, and S. R. Gadre, J. Chem. Phys. 125, (2006)
104109
[5] S. D. Yeole and S. R. Gadre, J. Phys. Chem. A (2011) 10.1021/jp2038976
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The electronic and geometric structures of metal clusters
.
N. Gaston1
1

MacDiarmid Institute for Advanced Materials and Nanotechnology, Industrial Research
Ltd, New Zealand

The complicated relationship between electronic and geometric structure in small metal
clusters has been experimentally demonstrated in recent years [1, 2]. This talk will present
recent calculations on gallium, zinc, and bimetallic clusters that illustrate the sensitivity of
this relationship for properties ranging from the size-dependent melting temperature, to the
ability of such clusters to function in gas sensing devices.
One of the fundamental problems in understanding the evolution of structure and electronic properties with cluster size is the limited range of applicability of theoretical methods.
Typically, for metallic clusters, accurate correlated wavefunction methods can be used for a
few atoms; density functional theory extends the use of electronic structure methods up to a
few hundred atoms at best; and for larger nanoparticles an empirical approach in necessary.
On the other hand, the use of density functional theory for detailed investigations of metallic lattice structures is also problematic. As there is no systematic way to improve density
functional theory, difficult cases can produce widely varying results depending on the functional used, with little justification of the ‘best’ functional other than comparison with experiment. Recent work applying an incremental method for metals to zinc, cadmium, and
mercury, which uses a suitable embedding scheme to construct local orbitals in which the
correlation energy can be calculated, has successfully circumvented this problem [3]. Here
we discuss the application of an incremental method for metals to zinc clusters.
[1] Schmidt, R. Kusche, B. von Issendorff, and H. Haberland, Irregular variations in the
melting point of size selected atomic clusters, Nature 393 (1998), 238
[2] A. Breaux, R. C. Benirschke, T. Sugai, B. S. Kinnear, and M. F. Jarrold, Hot and Solid
Gallium Clusters: Too Small to Melt, Phys. Rev. Lett. 91 (2003), 215508
[3] N. Gaston, D. Andrae, B. Paulus, U. Wedig and M. Jansen, Understanding the hcp
anisotropy in Cd and Zn: the role of electron correlation in determining the potential
energy surface, Phys. Chem. Chem. Phys., 12 (2010), 681-687; N. Gaston, B. Paulus, U.
Wedig and M. Jansen, Multiple minima on the energy landscape of elemental zinc: A
wavefunction based ab initio study, Phys. Rev. Lett. 100 (2008), 226404
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CrazyLego: Building ionic liquid clusters block by block
M. A. Addicoat1 and S. Irle1
1

Department of Chemistry, Nagoya University, Nagoya, Japan

We have developed CrazyLego, a fully conformer-aware version of the stochastic structure generator, Kick [1]. We use this new program to generate small gas-phase clusters [AB]n
of the ionic liquids; [dmim+][NO3 − ], [emim+ ][NO3 − ], and [bmim+ ][NO33 − ]. Each candidate structure is optimised using 3rd order Density Functional Tight Binding (DFTB-3rd),
which includes dispersion contributions. For [AB]2 Figure 1 demonstrates qualitative agreement with energies calculated using the LC-BOP+LRD density functional. DFTB-3rd therefore promises to perform well for the study of the gas phase to liquid phase transition of these
binary compounds which are difficult to treat using conventional quantum chemical methods.

Figure 1: Relative energies of [dmim+ ][NO3 − ] dimer geometries calculated using LCBOP+LRD vs. DFTB.

[1] M. A. Addicoat and G. F. Metha, J. Comput. Chem., 30 (2009), 57
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A New Way of Describing Bond Pseudorotation in Jahn-Teller Systems
D. Cremer1
1

CATCO Research Group (http://smu.edu/catco/)
Department of Chemistry, Southern Methodist University
3215 Daniel Ave, Dallas, Texas 75275-0314, USA	
  
The standard quantum chemical approach of describing cyclic Jahn-Teller systems
is to calculate the stationary points of the associated potential energy surface (“JahnTeller surface”) and to assess from their relative energies the dynamics of the JahnTeller system in question. In only a few cases, the complete Jahn-Teller surface has
been calculated utilizing, for example, the normal coordinates of a ring. However, the
latter approach becomes tedious and unreliable for larger rings. The problem is solved
by introducing a set of generally defined ring deformation coordinates that span any
space in which a Jahn-Teller deformation can take place. Ring deformation coordinates
are perfectly suited to describe a) bond pseudorotation in Jahn-Teller systems, b)
determine the degree of ring deformation for any ring independent of size and
symmetry, and c) analyze substituent effects on ring structure in a quantitative way. In
addition, the ring deformation coordinates complement the ring puckering coordinates
previously invented by Cremer and Pople so that any ring can be described, its
geometry optimized, and its vibrational modes calculated in terms of puckering and
deformation without any reference to ring bonds and ring bond angles. The usefulness
of the ring deformation coordinates is demonstrated by calculating the Jahn-Teller
surfaces for different ring systems ranging from 3- to 6-membered rings and employing
MR-AQCC, EOMIP-CCSD, and CCSD(T).
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Vibration-rotation-tunneling states of the benzene dimer: an ab initio
study
Ad van der Avoird1,4, P. R. Bunker1,5 , Melanie Schnell1 , Gert von Helden1 , Gerard Meijer1 ,
Rafał Podeszwa2 , Krzysztof Szalewicz2 , Claude Leforestier3 , and Rob van Harrevelt4
1

Fritz-Haber-Institut der Max-Planck-Gesellschaft, Faradayweg 4-6, D-14195 Berlin,
Germany
2
Department of Physics and Astronomy, University of Delaware, Newark, DE 19716
3
Institut Charles Gerhardt Montpellier, Université Montpellier 2, 34095 Montpellier, Cedex
05, France
4
Theoretical Chemistry, Institute for Molecules and Materials, Radboud University
Nijmegen, 6525 AJ Nijmegen, The Netherlands
5
The Steacie Institute for Molecular Sciences, National Research Council of Canada,
Ottawa, Ontario K1A 0R6, Canada

An improved intermolecular potential surface for the benzene dimer has been constructed
from interaction energies computed by symmetry-adapted perturbation theory with the inclusion of third-order contributions. The potential was used in calculations of vibration-rotationtunneling levels of the dimer by a method appropriate for large amplitude intermolecular motions and tunneling between multiple equivalent minima in the potential. The resulting levels
were analyzed using the permutation-inversion full cluster tunneling group G576 and a chain
of subgroups that starts from the molecular symmetry group Cs (M) of the rigid dimer at its
equilibrium Cs geometry and leads to G576 if all possible intermolecular tunneling mechanisms are feasible.
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Exploring Excited States and Fluorescence Properties of Actinide
Complexes
Jun Li*, Jing Su and Fan Wei
Department of Chemistry, Tsinghua University, Beijing 100084, China
Fax: +86-10-6279 7472; *E-mail: junli@mail.tsinghua.edu.cn
Actinide chemistry is at the core of nuclear and radiochemistry. Theoretical studies
are necessary for fundamental understanding of the ground-state and excited-state
properties of actinide compounds. However, computational modeling of excited states of
actinide compounds is challenging due to complicated electron correlation and
relativistic effects. In this talk we will present computational investigations of the
structures, stabilities, excitation energies, and fluorescence spectroscopic properties of
actinide complexes using relativistic quantum chemistry methods. We have investigated
the optimal structures and excitation energies of UO22+, NUO+, UN2, UF6, UO2Cl2,
NpO2Cl42- and hydrated uranyl-glycine complexes using relativistic wavefunction theory
(WFT) and density functional theory (DFT). The calculated excitation energies and
simulated fluorescence spectra using a time-dependent theory of electronic spectroscopy
are in excellent agreement with experiments. This work represents the first example of
interpretation and prediction of vibrationally resolved fluorescence properties of actinide
compounds by using computational chemistry.
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Challenges Toward Practical Quantum Chemical Method
H. Nakai1,2,3
1

2

Department of Chemistry and Biochemistry, Waseda University, Shinjuku, Japan
Research Institute for Science and Engineering,Waseda University, Shinjuku, Japan
3
JST-CREST, Japan Science and Technology Agency, Chiyoda, Japan

In the last few decades, many research groups have urged the theoretical and
methodological developments for the practical quantum chemical method. The author’s
group has also studied in this line as follows:
1.
2.
3.
4.
5.
6.
7.

Linear-scaling divide-and-conquer (DC) electronic structure theory[1,2]
Density functional theory for weak interactions and core excitations[3,4]
Non-adiabatic nuclear orbital plus molecular orbital (NOMO) theory[5]
Acceleration of ab initio molecular dynamics (AIMD)[6]
Real-time time-dependent electronic structure theory[7]
Energy density analysis (EDA) [8]
Chemical principles[9,10]

The author will give the brief review of the above topics and explain the recent
development in more details.
[1] Alternative linear-scaling methodology for the second-order Møller-Plesset perturbation
calculation based on the divide-and-conquer method, J. Chem. Phys., 127, 074103 (2007).
[2] Implementation of divide-and-conquer (DC) electronic structure code to GAMESS program
package, J. Comput. Chem. Jpn., 8, 1 (2009).
[3] Time-dependent density functional theory calculations for core excited states: Assessment of
standard exchange-correlation functionals and development of a novel hybrid functional, J. Chem.
Phys., 124, 094105 (2006).
[4] Density functional method including weak interactions: dispersion coefficients based on the local
response approximation, J. Chem. Phys., 131, 224104 (2009).
[5] Nuclear orbital plus molecular orbital (NOMO) theory: Simultaneous determination of nuclear
and electronic wave functions without Born-Oppenheimer approximation, Int. J. Quant. Chem.,
107, 2849 (2007).
[6] Molecular orbital propagation to accelerate self-consistent-field convergence in an ab initio
molecular dynamics simulation, J. Chem. Phys., 128, 094101 (2008).
[7] Short-time Fourier transform analysis of real-time time-dependent Hartree-Fock and timedependent density functional theory calculations with Gaussian basis functions, J. Chem. Phys.,
132, 054104 (2010).
[8] Energy density analysis with Kohn-Sham orbitals, Chem. Phys. Lett., 363, 73 (2002).
[9] Discovery of hexacoordinate hypervalent carbon compounds: Density functional study, Chem.
Phys. Lett., 460, 37 (2008).
[10] Rules for excited states of degenerate systems: Interpretation by frozen orbital analysis, pp. 363–
395 in Progress in Theoretical Chemistry and Physics, (Springer, 2009).
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Exploring the Dynamics of Molecules in Strong Laser Fields
H. Bernhard Schlegel
Dept. of Chemistry, Wayne State U., Detroit, MI 48202 USA
The treatment of molecules in strong fields can be challenging for standard
electronic structure methods. Several examples will be presented of nuclear and
electronic dynamics of molecules in intense laser pulses. Classical trajectory
calculations have been used to study the dissociation of small monocations and
diactions in laser fields of 760 nm and 10 mm and intensities of ca 1014 W cm-2. Timedependent configuration interaction (TD-CI) has been used to simulate the dynamics of
the electrons in polyenes interacting with short laser pulses at 760 nm and intensities up
to 1014 W cm-2. CIS and RPA energies yield TD-CI simulations that are similar those
obtained with EOM-CC energies. Excited states calculated by TD-DFT perform poorly
in TD-CI simulations unless long-range corrected funtionals are used. TD-CI methods
with a heuristic ionization model has been used to examine the ionization rates of
polyenes as a function of the molecular length and the laser intensity..
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Donor-Acceptor Complexes of Main-Group Elements With Unusual
Bonds
Gernot Frenking
Fachbereich Chemie, Philipps-Universität, Hans-Meerwein-Strasse, D-35043 Marburg,
Germany
The lecture will focus on three classes of donor-acceptor complexes of main-group
elements which possess unusual bonds. One topic are divalent E(0) compounds EL2 of
group-14 elements E = C – Pb where L is a σ-donor ligand. The topic includes an
extension to complexes (EH)L2 of group-13 atoms B – Tl and group-15 complexes
(ER)L2 where E = N – Bi. The second topic concerns complexes of diatomic species
E2(NHC)2 where E = Si – Pb, P – Bi and NHC = N-heterocyclic carbene. Finally, the
third topic focuses on complexes with the formula D-C6F4-BF3 where D is a donor
species Xe, N2, CO.
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Recent Advances in LC-DFT
Kimihiko Hirao
Advanced Institute for Computational Science, RIKEN, Kobe, Japan
DFT has emerged as a powerful computational tool for the chemical systems. It is
simple and conceptual. KS-DFT calculation takes about the same amount of time as a
HF calculation, yet unlike HF, we get a correlated result from KS-DFT. Many of the
problems of KS-DFT have mostly been a consequence of not having accurate
functionals and potentials. Recently there has been considerable interest in the
long-range correction (LC) DFT [1,2]. In the LC scheme the exchange functional is
partitioned with respect to the inter-electronic separation into long-range and
short-range parts using a standard error function. The LC solves many of the problems
of the conventional KS-DFT.
Recently it was demonstrated that the LC satisfies Koopmans’theorem [3], which
implies that the eigenvalues and eigenvectors connected to the Kohn-Sham equation
have a strict physical meaning. Different from Hartree-Fock (HF) Koopmans ionization
energy, DFT Koopmans ionization energy to some extent takes into account the
relaxation and correlation effects.
We have also developed a new hybrid functional [Gaussian-Perdue-Burke-Ernzerhof
(Gau-PBE)] that is suitable for the calculation of solid state bandgaps using a periodic
boundary condition [4]. The characteristic of this functional is the use of a Gaussian
attenuation scheme (Gau) to include a short-range HF exchange. The new functional
performs well for both barrier heights and band gaps and is computationally more
efficient than the HISS functional, which was previously shown to also work well for
such properties.
[1] H. Iikura, T. Tsuneda, T. Yanai, and K. Hirao, J.Chem.Phys., 115 (2001), 3540
[2] Y.Tawada, T.Tsuneda, S.Yanagisawa, T.Yanai, and K.Hirao, J.Chem.Phys., 120
(2004), 8425
[3] T. Tsuneda, J-W. Song, S. Suzuki, and K. Hirao, J.Chem.Phys., 133 (2010), 174101
[4] J-W. Song, K. Yamashita, and K. Hirao, J.Chem.Phys., 135 (2011), 071103
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Development of New Density Functionals for Accurate Descriptions
of Nonbond Interactions, Thermochemistry, and Thermochemical
Kinetics
Igor Ying Zhang, and Xin Xu
Department of Chemistry, Fudan University, China
(xxchem@fudan.edu.cn)
Density functional theory (DFT) has become the method of choice for first
principles quantum chemical calculations of the electronic structure and properties of
many chemical systems. Based on the number of occurrences of functional names in
the journal titles and abstracts analyzed from the ISI Web of Science (2007), B3LYP
is by far the most popular density functional in chemistry, representing 80% of the
total of occurrences of density functionals in the literature, in the period 1990-2006.
Is B3LYP good for everything? There is growing evidence, showing that B3LYP
(1) degrades as the system becomes larger, (2) underestimates reaction barrier heights,
(3) yields too low bond dissociation enthalpies, (4) gives improper isomer energy
differences, (5) fails to bind van der Waals systems, etc.
How can we go beyond B3LYP? Recently, we developed a doubly hybrid
functional, XYG3, based on the adiabatic connection formalism and the Görling-Levy
coupling-constant perturbation expansion to the second order (PT2). The new
functional was shown to surmount the known difficulties of B3LYP, leading to a
general functional with more predictive power for molecular systems of main group
elements.
[1] Y. Zhang, X. Xu, W. A. Goddard, III, Proc. Nat. Acad. Sci, USA, 106 (2009),
4963.
[2] I. Y. Zhang, J. M. Wu, X. Xu, Chem. Comm. (Feature Article), 46 (2010), 3057.
[3] I. Y. Zhang, J. M. Wu, Y. Luo, X. Xu, J. Chem. Theory Comput., 6 (2010), 1462.
[4] I. Y. Zhang, Y. Luo, X. Xu, J. Chem. Phys., 132 (2010), 194105.
[5] I. Y. Zhang, Y. Luo, X. Xu, J. Chem. Phys., 133 (2010), 104105.
[6] I. Y. Zhang, X. Xu, Int. Rev. Phys. Chem., 30 (2011), 115.
[7] I. Y. Zhang, J. M. Wu, Y. Luo, X. Xu, J. Comput. Chem., 32 (2011), 1824 .
[8] I. Y. Zhang, X. Xu, Y. S. Jung, W. A. Goddard III, Proc. Nat. Acad. Sci, USA,
2011, in revision.
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Which Density Functionals can be reliably applied to Main Group
Thermochemistry?
L. Goerigk1,2, and S. Grimme2
1

School of Chemistry, University of Sydney, Sydney, New South Wales 2006, Australia
2
Theoretical Organic Chemistry, University of Münster, 48149 Münster, Germany

Which functional should I use? Many users of DFT are regularly faced with this
problem. We present the results of a recent study, in which we tried to answer this
question and tried to shed some light on the plethora of developed DFT methods [1].
Our aim was to thoroughly investigate which functionals are generally well applicable
and robust to describe the energetics of molecules.
Our study was based on the new GMTKN30 database for general main group
thermochemistry, kinetics and noncovalent interactions [2,3]. In total, 47 functionals
were investigated: two LDAs, 14 GGAs, three meta-GGAs, 23 hybrids and five doublehybrids. Besides the double-hybrids, also other modern approaches, i.e., the M05 and
M06 classes of functionals and range-separated hybrids, were tested.
Perdew’s metaphoric picture of Jacob's
Ladder for the classification of density
functionals’ performance could unbiasedly be
confirmed with GMTKN30. For each rung on
Jacob's Ladder we recommend the
functionals, which we regard as the most
robust ones in terms of accuracy, reliability
and robustness.
The recommended methods are the B97D3 and revPBE GGAs, the oTPSS metaGAA [2], Truhlar's PW6B95 hybrid and the
PWPB95 [3] and DSD-BLYP double-hybrids. The usage of an atom-pairwise Londondispersion correction (DFT-D3) is shown to be crucial for accuracy [4]. We discourage
from regularly applying the B3LYP method, because better alternatives are available.

[1] L. Goerigk, S. Grimme, Phys. Chem. Chem. Phys., 13 (2011), 6670.
[2] L. Goerigk, S. Grimme, J. Chem. Theory Comput., 6 (2010), 107.
[3] L. Goerigk, S. Grimme, J. Chem. Theory Comput., 7, (2011), 291.
[4] S. Grimme, J. Antony, S. Ehrlich, H. Krieg J. Chem. Phys., 132, (2010), 15410.
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A new hybrid DFT functional using a Gaussian attenuating exchange
for band gap calculations
J.-W. Song1, K. Yamashita2, and K. Hirao1
1

2

AICS RIKEN, Kobe, Japan
The University of Tokyo, Tokyo, Japan

We have developed a new hybrid functional (Gau-PBE)[1] that is suitable for the
calculation of solid state band gaps using a periodic boundary condition and reaction
barrier heights. This new functional uses a Gaussian attenuating HF exchange to include
a short-range Hartree–Fock (HF) exchange. Gau-PBE functional can perform barrier
height calculations with an accuracy comparable to the middle-range hybrid functional
(HISS)[2], and band gap calculations with an accuracy comparable to the Heyd–
Scuseria–Ernzerhof (HSE)[3] functional. However, it is notable that the cost of band
gap calculations using PBC code is decreased using a Gaussian HF exchange compared
to the HSE which uses an error function-used HF exchange integrations, let alone the
HISS which uses twice HF exchange. In presentation, we will show recent applicaltions
of this new functional and will try to rationalize the physical reason of performance
improvement on band gap calculations.

[1] J.-W. Song, K. Yamashita, and K. Hirao, J. Chem. Phys., 135 (2011), 071103
[2] T. M. Henderson et al, J. Chem. Phys., 127 (2007), 221103
[3] J. Heyd, G. E. Scuseria and M. Ernzerhof, J. Chem. Phys., 118 (2003), 8207
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Quantum chemistry for predicting the opto-electronic properties of
organic functional materials
Zhigang Shuai
Department of Chemistry, Tsinghua University, 100084 Beijing
zgshuai@tsinghua.edu.cn
Theoretical descriptions of opto-electronic properties of organic and polymeric
materials fall in the interface of electronic structure and dynamics for complex system.
We proposed statistical rate formalism for the organic light-emitting efficiency and
emission spectrum [1], random walk simulation for charge mobility [2], and kinetic
Monte Carlo approach for the power conversion efficiency for photovoltaic cells [3].
In this presentation, we focus on the nature of charge carrier, being localized or
extended state, as well as aggregation effects on the light emission. Some recent
development on absorption and emission spectra with and without spin-orbital
coupling will be discusses.
[1] Qian Peng, Yuanping Yi, Zhigang Shuai, Jiushu Shao, J. Am. Chem. Soc., 129
(2007), 9333; Yingli Niu, Qian Peng, Chunmei Deng, Xing Gao, Zhigang Shuai, J
Phys Chem A 114 (2010), 7817.
[2] Xiaodi Yang, Linjun Wang, Caili Wang, Wei Long, Zhigang Shuai, Chem. Mater.,
20 (2008), 3205; L J Wang et al., Chem Soc. Rev., 39 (2010), 423; Zhigang Shuai,
Lijun Wang, Qikai Li, Adv Mater., 23 (2011), 1145.
[3] Lingyi Meng et al., J. Phys. Chem. B, 114 (2010), 36; J. Chem. Phys., 134 (2011),
124102; Y Shang et al., Theo Chem Acc., 129 (2011), 291.
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Molecular Design of Polymer Semiconductors
Michael B. Sullivan1, Adrian M. Mak1, Eric Assen B. Kantchev2, and Tyler. B. Norsten2
1

2

Institute of High Performance Computing, Singapore
Institute of Materials Research and Engineering, Singapore.

The design of organic electronics may provide a realization of low-cost printed
electronics. However, there are many challenges to be overcome before these will be
commercially viable. By understanding the molecular properties, we may be able to
tune the electronic properties as well as the stability to create materials that can be
printed. These polymers have applications in sensors, organic thin film transistors
(OTFT) and organic photovoltaics (OPV).
We have recently worked to design semi-conducting polymers that may be effective
in dye-sensitized solar cells (DSSCs). Electronic structures of two organic dye
sensitizers, the first having the benzothiadiazole (BTDA) and the second having the
benzo(bis)imidazole (BBI) chromophore group within its molecular structure were
studied using density functional theory (DFT). Their electronic absorption spectra were
then investigated using several different functionals within the time-dependent DFT
(TD-DFT) framework. The long-range corrected BLYP functional (LC-BLYP) with an
damping parameter µ = 0.20 shows the best performance in predicting the absorption
peaks of the two dyes studied. The electronic absorption spectra of a number of
potential dye candidates were then studied using TD-LC-BLYP, to identify suitable
candidates for use as dye sensitizers in dye-sensitized solar cells. Our results suggest
that a combination of guanidinium-based donor groups and the BBI chromophore
provides better performance than the experimentally studied chromophore possessing a
Ph2N- donor group and a BTDA chromophore.
In related work, we have used hybrid DFT to study the important properties of
imido- and thiophene-based polymers. By working closely with experimentalists, we
have been able to identify derivatives of the “Pechmann dye”, which was first
characterized in the 1950s and span a wide color range, that provide better chargetransport characteristics coupled with adequate chemical stability and high solubility in
a variety of common solvents to enable inexpensive low-temperature processing.
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Towards Accurate Evaluation of Interaction Properties in large van
der Waals and H-bonded complexes
B. Fernández
Department of Physical Chemistry and Center for Research in Biological Chemistry
and Molecular Materials (CIQUS). University of Santiago de Compostela. 15782
Santiago de Compostela. Spain.

Interaction properties play a main role in many physical and chemical phenomena and
are the subject of a considerable number of experimental and theoretical studies. From
the theoretical point of view, the accurate evaluation of interaction properties is
challenging and difficult, as it requires not only large basis sets, but also high level
correlation methods to compete with the experiments.
We implemented a methodology for accurate calculation of interaction properties in
van der Waals and H-bonded complexes, using the CCSD and the CCSD(T) models. In
this way, on the one hand, we extended the CCSD(T) code in order to be able to apply it
to the study of larger systems, programming it using the Cholesky decomposition [1].
On the other hand, we developed new Lpol basis sets [2], that are able to reach the
accuracy of the augmented correlation consistent polarized valence basis sets of
Dunning et al., but with a smaller number of functions. In all cases we extended the
bases with sets of midbond functions.
For van der Waals complexes, we obtained intermolecular potential energy surfaces
and calculated the bound van der Waals states. We compared the results with those of
previous theoretical studies and the experimental data available, improving considerably
the former, getting a very good agreement with the latter, and in some cases being able
to correct and complete the assignments. With the CCSD response theory, we evaluated
interaction induced (hyper)- polarizabilities and the corresponding virial coefficients.
Results for the CO-Ar and CO-Ne complexes will be shown. For the HCHO-(HF)n
(n=1,9) and the (HCN)n (n= 2-4) H-bonded complexes, we evaluated interactioninduced electric properties and cooperative effects. Applications to the CO, N2-(HF)n
(n= 1,9) complexes are in progress.

[1] J. López Cacheiro, T. B. Pedersen, B. Fernández, A. Sánchez de Merás, H. Koch,
Int. J. Quantum Chem., 111(2) (2011), 349 .
[2] A. Baranowska, S. Bouzón Capelo, B. Fernández, Phys. Chem. Chem. Phys., 12
(2010), 13586.
[3] J. López Cacheiro, B. Fernández, A. Rizzo, B. Jansík, T. B. Pedersen, Mol. Phys.,
106 (2008), 881. A. Baranowska, B. Fernández, A. J. Sadlej, Theor. Chem. Acc. 128
(2011), 555.
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Reliable Predictions for Thermochemical and Spectroscopic
Properties by ab initio Theory: From Main Group Compounds to
Transition Metal Complexes
Kai-Chung Lau1
1

Department of Biology and Chemistry, City University of Hong Kong
Tat Chee Avenue, Kowloon, Hong Kong

Using the state-of-the-art CCSD(T)/CBS method, reliable theoretical predictions on
ionization energy (IE), bond dissociation energy (D0) and heats of formation (ΔHf) for
first-row hydrides, hydrocarbon radicals, organosulfur compounds, heterocyclic
molecules, halogenated species and 3d transition metal complexes are presented. The
ab initio CCSD(T)/CBS approach involves the approximation to the complete basis set
(CBS) limit at the coupled cluster level with single and double excitations plus quasiperturbative triple excitation [CCSD(T)]. Zero-point vibrational energy correction,
core-valence electronic correction, and relativistic effect correction are included in the
predictions. For molecules that are feasible for higher-order CCSDT and CCSDTQ
treatments, the ultimate level of theory of our predictions could be effectively at the
CCSDTQ(full)/CBS level, where “full” represents that the electronic correlation of
inner shell core or semi-core electrons are included. The predicted IE, D0 and ΔHf
values have been critically benchmarked with experimental data obtained from highresolution spectroscopic measurements. This benchmarking effort allows us to
conclude that (i) the single-reference CCSD(T)/CBS is capable of predicting
thermochemical properties with an uncertainty of ±30 meV (3 kJ/mol); (ii) the higherorder coupled cluster triple and quadruple excitations are important for electronic
correlation of molecules with significant multi-reference characters and (iii) the full
triple and quadruple excitations and relativistic effects are critical for accurate
thermochemical predictions of 3d transition metal complexes.
[1] P.-K. Lo and K.-C. Lau, J. Phys. Chem. A, 115 (2011), 932.
[2] K.-C. Lau et al, J. Chem. Phys., 133 (2010), 114304.
[3] K.-C. Lau et al, J. Phys. Chem. A, 113 (2009), 14321.
[4] K.-C. Lau et al, J. Chem. Phys., 127 (2007), 154302.
[5] K.-C. Lau and C. Y .Ng, Acc. Chem. Res., 39 (2006), 823.
[6] K.-C. Lau and C. Y .Ng, J. Chem. Phys., 124 (2006), 044323.
[7] K.-C. Lau and C. Y .Ng, J. Chem. Phys., 122 (2005), 224310.
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Electrons on a ring
Peter M. W. Gill and Pierre-François Loos
Research School of Chemistry, Australian National University, Canberra, Australia
Although it has a number of well-publicised deficiencies, DFT has been the most popular
approach to quantum chemical calculations for almost two decades. Many of the popular
DFT functionals were constructed using detailed knowledge about the homogeneous electron
gas, or jellium, a fictional model consisting of an infinite number of electrons, occupying an
infinite volume, and with a uniform electron density ρ.
The good news is that the kinetic, exchange and correlation energies of this model are
known accurately (or exactly) from numerous theoretical and computational investigations [1,
2, 3, 4, 5, 6]. The bad news is that the behaviour of electrons in molecules is often different
from their behaviour in jellium and this creates many of the errors in modern DFT functionals.
We have recently proposed that a new family of homogeneous electrons gases may offer a
more accurate starting point for modelling molecular electron densities [7]. This new family
consists of finite numbers of electrons on a D-dimensional sphere and, in certain cases, the
associated Schrödinger equations can be solved exactly [8, 9].
In this lecture, I will discuss the quantum mechanics of finite numbers of electrons on a
one-dimensional sphere (i.e. a ring) and show that remarkably accurate wavefunctions can be
obtained by using explicitly correlated wavefunctions.
[1] L. H. Thomas, Proc. Cam. Phil. Soc., 23 (1927), 542
[2] E. Fermi, Z. Phys., 36 (1926), 902
[3] P. A. M. Dirac, Proc. Cam. Phil. Soc., 26 (1930), 376
[4] D. M. Ceperley and B. J. Alder, Phys. Rev. Lett., 45 (1980), 566
[5] J. Sun et al, Phys. Rev. B, 81 (2010), 085123
[6] P.-F. Loos and P. M. W. Gill, Phys. Rev. B, 84 (2011), 033103
[7] P. M. W. Gill and P.-F. Loos, Theor. Chem. Acc., 131 (2012), in press
[8] P.-F. Loos and P. M. W. Gill, Phys. Rev. Lett., 103 (2009), 123008
[9] P.-F. Loos and P. M. W. Gill, Mol. Phys., 108 (2010), 2527
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The intricacies of dispersion
J. W. Hollett and P. M. W. Gill
Research School of Chemistry, Australian National University, Canberra, Australia
In recent years dispersion has become a popular topic among the quantum chemistry
community. The failure of Hartree-Fock theory to account for dispersion leads to the necessary use of correlated methods to accurately describe many systems of interest including
complexes of biological molecules, molecule-surface interactions, liquids etc. New density
functionals, both empirical[1] and derived from first principles[2], have been developed to
efficiently deal with dispersion, however none have yet proven universally satisfactory. In an
effort to elucidate the electronic nature of dispersion we have analysed the intracules[3], or
two-electron distribution functions, of the fundamental systems, H2 [4] and He2 . This analysis
reveals the relative behaviour of electrons due to dispersion.
[1] S. Grimme, J. Antony, S. Ehlrich and H. Kreig J. Chem. Phys., 132 (2010), 154104
[2] O. A. Vydrov and T. Van Voorhis J. Chem. Phys., 133 (2010), 244103
[3] P. M. W. Gill et al. Phys. Chem. Chem. Phys., 8 (2006), 15-25
[4] J. W. Hollett, L. K. McKemmish and P. M. W. Gill J. Chem. Phys., 134 (2011), 224103
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Dispersion in 2D periodic lattices via Dirichlet-to-Neumann maps
B. Pavlov1 and G. Martin1
1

NZ Institute of Adv. Study, Massey University, Auckland, New Zealand

The spectral properties of a one-dimensional Schrödinger operator on a 1D periodic lattice
are typically studied using explicit formulae for the trace of the corresponding transfer matrix
constructed from the standard solutions of the Cauchy problem on the period. This approach
fails in two (and higher) dimensions because the corresponding Cauchy problem is ill-posed.
Here we suggest an alternative approach to the 2D periodic spectral problem. The idea
is basically to use the Dirichlet-to-Neumann (DN) map in place of the transfer matrices.
We expect that this DN -based approach to the spectral problem for a 2D periodic lattice
reduces to a finite-dimensional quasi-periodic matching problem for linear combinations of
the resonance orbitals on the mutual boundary of neighboring periods. Therefore reasonable
boundary conditions permit us to construct reasonably precise and simple formulae for the
Bloch function of a single electron in the periodic lattice with energy close to the Fermi level
(that is for an electron from the valent band and from the conductivity band).
This new derivation of the dispersion relation for 2D periodic structures further allows us
to discuss the problem on superconductivity in artificial sandwich structures, defined by an
exterior electric field applied to an SiB sandwich, where high-temperature superconductivity
was recently observed. Our approach is based on the construction of a fitted zero-range
solvable model of the sandwich based on a selection of the electron orbitals of Boron forming
the spectral bands by covalent bonds, see [1], between the neighbouring periods.
[1] J. Callaway, Energy band theory, Acacemic Press, NY-London, 1964
[2] N. Bagraev, L. Klyachkin, A. Kudryavtsev, A.Malyarenko, V. Romanov, Superconductor
properties for silicon nanostructures, In: "Superconductivity Theory and application".
Ed. by A. Luiz, SCIVO, Chapt. 4 (2010) pp. 69-92.
[3] N. Bagraev, G. Martin, B. Pavlov, Landau-Zener Phenomenon on a double of weakly
interacting quasi-2d lattices, Progress in Computational Physics (PiCP) (2010) pp. 6164.
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Relaxation of perturbations for biochemical network: linear response
relation
Ching-Cher Sanders Yan1 , and Chao-Ping Hsu1
Institute of Chemistry, Academia Sinica,
128 Section 2 Academia Road, Nankang, Taipei 115, Taiwan
1

We present a dynamical expression on the perturbation-response relation for biochemical networks based on fluctuation-dissipation theorem, in which non-stationary systematic
response can be described as a linear combination of steady-state correlation functions. The
derivation is based on Markovian description, for which the network details, such as topology and regulatory mechanism are not necessary, and it can be regarded as a prescription
of Kubo’s linear response theory for biochemical networks. We also showed the equivalence
between the Markovian description and the chemical master equation for stochastic biochemical systems. Based on the equivalence, we further showed that besides tracing steady-state
spontaneous fluctuations, if detailed mechanism is know, correlations can also be obtained
by chemical master equation linear expansion to facilitate the response function composition.
This intrinsic steady-state response function can offer the linear dependence among different
species around the steady state. Numerical simulations show that the linear response prediction is mainly restricted by the linearity of regulatory mechanism, because it extrapolate
responses linearly outside of the sampling region, whether the regulation is linear or not.
Thus, linear response application range is usually confined to small perturbations. For the
same regulation function with more dispersed transcription factor and increased sampling region, the linear response region are still limited. However, transcription factor with shorter
life time comparing to its downstream can override the constraint of regulation non-linearity
and make linear response region wider. The wide linear response region is also found in the
case of repressilator [1] for large perturbation. We found that because repressilator fluctuates
with internal periodic rise and fall in the steady state, from Monte Carlo simulations, steadystate correlation function describes the temporal abundance changes caused by the feedback
effect accurately and increases linear response function range. On the other hand, correlations
obtained from chemical master equation linear expansion failed to make good prediction, because an approximation of the feedback effect is made through linear expansion and caused
deviation from the simulated response.
[1] M. B. Elowitz and S. Leibler, Nature, 403 (2000), 335.
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Effects of inorganic salts on liquid water structure, dynamics, and
solvation of proteins
Yi Qin Gao
College of Chemistry and Molecular Engineering, Peking University
In real cells, biological molecules function in an aqueous solution of a large number
of electrolytes and small molecules. However, the effects of cosolvents/cosolutes on the
structure and dynamics liquid water are far from fully understood. In this talk, we focus
on the effects of inorganic salts on the thermodynamics and dynamical, particularly
rotational relaxation, of liquid water. The experimental data on surface tension of
inorganic salt aqueous solutions and salt osmotic coefficient can be explained when ion
cooperativity between cations and anions is taken into account, and in
cosolvent/cosolute effects on protein structures, both direct and indirect mechanisms
can be important. We then discuss the molecular mechanisms through which cosolvents
and cosolutes affect protein structure formation and hydration. For example, the
addition of NaI to the aqueous solution caused denaturation and significantly weakened
hydrogen bonds of the polypeptide. Na2SO3, a “kosmotropes,” strengthened the
hydrophobic interactions and increased hydrogen bonding of the polypeptide. Preferred
binding of Na+ to the backbone carbonyl groups of BBA5 occurred in the NaI solution,
consistent with the weakened protein backbone hydrogen bonds, whereas Na+ ions are
excluded from the vicinity of protein backbone in the Na2SO3 solution. We suggest that
the chaotropic NaI affects protein structure mainly through a direct binding of Na+ to
the backbone and I- to the protein surface, whereas the main effect of Na2SO3 manifests
in strengthening the hydrophobic interaction and consequently the hydrogen bonding of
the protein.
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Mannich reaction catalyzed by (S)-4,4-dimethylthioproline: a DFT
study
W. Parasuk1, V. Parasuk2
1

Department of Chemistry, Faculty of Science, Kasetsart University, Bangkok,
Thailand
2
Department of Chemistry, Faculty of Science, Chulalongkorn University, Bangkok,
Thailand

The stereocontrol step of the Mannich reaction of cyclohexanone, formaldehyde,
and aniline, which was catalyzed by (S)-4,4-dimethylthioproline, were explored using
density functional theory, B3LYP, with 6-31++G(d,p) basis set. The (S)- and (R)intermediates 3 could be obtained from the reactions between enamine 1 and imine 2 via
the transition states TS4S and TS4R of the relative energies of 11 and 15 kcal/mol,
respectively. The profile is similar to that of the reaction catalyzed by (S)-proline.[1] An
interesting note is that the reactant complex of the enamine 1 and imine 2 leading to the
R intermediate is 5 kcal/mol more stable than the one leading to the S intermediate.

[1] W. Parasuk and V. Parasuk J. Org. Chem 73 (2008), 9388
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Metalophillic Attraction in the Consecutive T-HgII-T DNA base pairs
L. Benda1, M. Straka1, Y. Tanaka2, and V. Sychrovsky1
1

Institute of Organic Chemistry and Biochemistry ASCR, Fleminogovo n. 2, 166 10
Prague, Czech Republic
2
Graduate School of Pharmaceutical Science, Tohoku University, Aobayama, Aoba-ku
Miyagi 980-8578, Sendai, Japan	
  
The metal atoms like AuI, PtII, AgI or HgII with positive charge and closed-shell
electronic structure attract each other owing to the so called metalophilic attraction
originating from relativistic effect in the heavy elements [1]. The DNA segment
containing mismatched Thymine-Thymine DNA base pairs sepresents an ideal matrix
for HgII atoms allowing formation of the metal-mediated DNA base pairs T-HgII-T. In
such binding the mercury de facto substitutes structurally for the hydrogen bonding that
is the interaction in cannonical DNA base-pairs. The non-covalent interaction which
dominates between the steps of canonical DNA base-pairs is the base stacking. In the
case of consecutive T-HgII-T base-pairs is the non-covalent interaction enriched by the
metal-base and metal-metal interaction. The role of HgII…HgII metalophillic attraction
on overall stabilization of consecutive T-HgII-T base-pairs was calculated with the RI
MP2/def2-TZVP method by means of decomposition of total interaction energy into the
contributions of base-base, metal-base, ane metal-metal interactions [2].
[1] P. Pyykko, Chemical Reviewes, 97 (1997), 597-636
[2] L. Benda, M. Straka, Y. Tanaka, V. Sychrovsky, PCCP, 13 (2011), 100-103
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The Nature of Au, Ag, and Pd Binding to Benzene, Coronene, and
Graphene: From the Benchmark CCSD(T) Calculations to the PlaneWave DFT Calculations
Petr Lazar1, Jaroslav Granatier2, Michal Otyepka1, Pavel Hobza1,2,3
1

2

Regional Centre of Advanced Technologies and Materials, Department of Physical
Chemistry, Faculty of Science, Palacky University Olomouc, Czech Republic

Institute of Organic Chemistry and Biochemistry, Academy of Sciences of the Czech

Republic and Center for Biomolecules and Complex Molecular Systems, Prague, CR
3
Department of Chemistry, Pohang University of Science and Technology, San 31,
Hyojadong, Namgu, Pohang 790-784, Korea
We studied the adsorption of Ag, Au and Pd on benzene, coronene and graphene
using post Hartee-Fock wave-function theory (CCSD(T), MP2) and state-of-the-art
density functional theory (M06-2X, DFT-D3, GGA-DFT, DFT+vdW) methods. All
methods were tested against the benchmark CCSD(T) method utilizing benzene...M
(M=Pd, Au, Ag) as a test system. The calculations reveal different nature of binding of
the three metals; silver is bound predominantly by the dispersion energy, the binding of
palladium has a dominant covalent character, whereas the binding of gold composes of
subtle interplay of charge transfer, dispersion interaction, and relativistic effects. We
demonstrate that these effects can be treated within the plane-wave density functional
theory approach by including exact exchange (EE) and nonempirical van der Waals
(DFT+vdW) corrections. Applying the same computational scheme (DFT+EE+vdW),
we obtained the binding energies for the graphene...M (M=Pd, Au, Ag) complexes. The
results reveal that Pd absorbs on graphene the most efficiently, followed by Au and Ag.
We also show that standard DFT methods fail miserably, whereas the DFT+EE+vdW
calculation corrects overbinding of GGA-DFT, which occurs for Pd and Au benzene
complexes, making DFT+EE+vdW a good platform for chemically accurate, but
computationally still feasible, calculations in extended systems.
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Diagnostics for Orbital and Wavefunction Quality
Laura K McKemmish1 , Peter M. Gill1 , and Jia Deng1
1

Research School of Chemistry, Australian National University, Canberra, Australia

As computer power increases, more chemistry is done on computers, rather than in a laboratory, because it is safer, cheaper and faster. Yet black box approaches for computational
chemistry are limited by the lack of a universal method of quantifying a wavefunction’s accuracy. Here, we propose a paradigm for a diagnostic that quantifies how well an approximate
wavefunction satisfies its Schrodinger equation (SE) independent of any external input. This
diagnostic is the angle in Hilbert space, using some inner product metric, between HΨ and
Ψ; an angle of zero implies that the wavefunction satisfies its SE exactly, while higher angles
imply increasingly low quality wavefunctions. A threshold, say 0.05, can be selected for
desired accuracy based on the calculation’s purpose.
A useful functional intermediate step is to quantify how well an orbital satisfies its HartreeFock equation [1]. We investigate the effect of different inner product metrics (overlap,
Coulomb and Gaussian) and conclude that the Gaussian inner product metric is preferred
due to its relative insensitivity to electron-nuclear cusp inaccuracies (QUESTION!!!) and
the relative ease of the required molecular integrals. Despite the latter, some of the required
molecular integrals have not been found analytically due to the complicating presence of two
Coulomb operators; however, a one-dimensional numeric integral can be found through a
slight alteration of the method presented in [2].
In defining the wavefunction diagnostic, we make slight alterations to the most obvious definition to introduce size-intensivity to the diagnostic based on a toy model. We then
look at finding this wavefunction quality diagnostic for the most straightforward wavefunctions consisting of a sum of Slater determinants in a Gaussian basis function; this will allow
Hartree-Fock (HF) and CI-based wavefunctions to be analysed. We present results for a variety of small test cases and compare the orbital and wavefunction diagnostic for HF results.

[1] Deng, J.; Gilbert, A. T. B.; Gill, P. M. W. Can. J. Chem. 2010, 88, 754-758
[2] Komornicki, A.; King, H. F. J. Chem. Phys. 2011, 134, 244115
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A systematic study of Au-Pd and Au-Ag bimetallic clusters and comparisons with pure Au, Pd,
and Ag clusters
B. J. Y. Tan1, 2, and N. Gaston1, 2
MacDiarmid Institute for Advanced Materials and Nanotechnology, Industrial Research
Ltd., Lower Hutt, New Zealand
2 Victoria University of Wellington, School of Chemical and Physical Sciences, Wellington,
New Zealand
1

Although bulk gold is generally considered to be unsuitable as a catalyst, nano-crystalline Au
demonstrates a high activity for numerous re-dox reactions [1]. It has been reported that the alloying
of a Au catalyst with Pd atoms can dramatically improve its activity as compared to pure Au or Pd
catalysts [2]. Therefore, it makes sense to gain a better theoretical understanding of the role Au
plays in these systems. In this work, the optimized geometries, binding energies and vibrational
frequencies of monometallic trimers (M3 where M = Ag, Au, and Pd) were first calculated using
density functional theory at the M06 level. Subsequently, the properties of bimetallic clusters Au 3xNx where x = 1 and 2 and N = Pd and Ag were investigated, and compared to their monometallic
counterparts. Lastly, the absorption of gas molecules by these bimetallic clusters was considered.
[1] G. J. Jutchings, Chem. Commun., (2008), 1148
[2] J. K. Edwards et. al., Angew. Chem. Int. Ed., 47(2008), 9192
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Predicting the pKa of carboxylic acids
C. C. R. Sutton1, G. da Silva1, and G. V. Franks1
1

Department of Chemical and Biomolecular Engineering, The University of
Melbourne, Melbourne, Australia

Many processes involve organic acids. In order to understand these processes it is
desirable to have accurate models and much work has been done in this area. However,
forming such models is a non-trivial exercise and the literature has not settled on one
particular method as the most accurate and efficient. Challenges include accurately
calculating the gas basicities and solvation free energies and the choice of
thermodynamic cycle. There has been significant interest in how to best represent
systems that occur in aqueous solution, with both implicit continuums and explicit water
molecules being used in different cases. With the development of new solvent models
we are presented with new opportunities to increase the accuracy of the way we model
carboxylic acids.
The pKa values of many carboxylic acids are well established experimentally. This
makes the pKa a good property to calculate in order to test and compare the accuracy of
different models. The pKa values of eight small carboxylic acids were computed where
the calculations of both gas basicities and solvation free energies were made using a
range of thermodynamic cycles and ab initio model chemistries. We have performed
these calculations using Marenich, Cramer and Truhlar’s new solvent model, SMD [1],
implemented in Gaussian 09. A mean unsigned error below 0.5 pKa units is achieved
with a novel ‘modified direct’ thermodynamic cycle using G3SX gas-phase energies,
M052X/cc-pVTZ solvation free energies and including one explicit water molecule in
the solution phase. It has been seen that the accuracy is dramatically influenced by the
model chemistry, the thermodynamic cycle and the incorporation of explicit water
molecules.

[1] A. V. Marenich et al, J. Phys. Chem., 113 (2009), 6378
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Theoretical study on the acyl rearrangement in the precursor of the
transesterification of intein splicing process
P.-C. Chu1 , J.-S. K. Yu1,2,4 , S.-C. Sue3 , and S.-Y. Chiang1,4
1

Graduate Program for Science and Technology of Accelerator Light Source, National
Chiao Tung University, Hsinchu City 300, Taiwan
2
Department of Biological Science and Technology, National Chiao Tung University,
Hsinchu City 300, Taiwan
3
Institute of Bioinformatics and Structural Biology, National Tsing Hua University,
Hsinchu City 300, Taiwan
4
Science and Technology of Accelerator Light Source, National Chiao Tung University,
Hsinchu City 300, Taiwan
Intein is one of the key complexes of the protein splicing process that mediates both
of the cleavage and the ligation of protein sequences. Literature studies[1] showed that
the process begins with an acyl shift followed by a transesterification. The reacting
center of intein is composed of a cysteine at the N-terminal splicing junctions, an
asparagine at the C-termianl splicing sites and several accompanied residues. Based on
the experimental studies and the solution NMR structure (2KEQ)[2], we constructed a
neutral model with a thiol group and a cationic model with a sulfur atom to investigate
the mechanism of the acyl shift reaction. Both of the models contain Cys1, Leu2, Arg50,
Thr69, His72, Asp118, Asn137 and the N'-extein. Geometrical optimizations were done
at the levels of PM3MM as well as density functional theory (BLYP), and the transition
state of the acyl shift reaction was also located. The optimized geometries show that the
distance between the sulfur atom on Cys1 and the carbon atom on the N'-extein
decreases from 3.95 Å to 2.00 Å and forms a five-membered heterocyclic ring.
Evaluation of enthalpy of formation gives 0.54 kcal/mol.

[1] H. Paulus, Bioorg. Chem., 29 (2001), 119
[2] J. S. Oeemig et al, FEBS Lett., 583 (2009), 1451

107

S ESSION 21: S TUDENT TALKS – TALK 5

APCTCC-5

Production of Br• via the One-Electron Reduction of N–Br-Containing
Species
R. J. O’Reilly and L. Radom1
1

School of Chemistry and ARC Centre of Excellence for Free Radical Chemistry and
Biotechnology, University of Sydney, Sydney, NSW 2006

The production of N-brominated species is of importance from the perspective of
inflammatory related diseases. During the inflammatory response, HOBr (which is
produced endogenously) reacts with the nitrogen-containing functional groups of
biologically important molecules such as DNA/RNA, proteoglycans and
proteins/peptides. The resulting N–Br-containing species undergo facile fragmentation
in the presence of one-electron reducing agents (e.g., O2•–, Cu+, Fe2+). There exist two
possible modes of fragmentation, giving rise to either Br– or Br• [1]. Species that
fragment to give Br• are of particular interest, because Br• can damage biologically
important species such as proteins. This talk will focus on the effect of substituents on
the preferred modes of cleavage of N–Br-containing species, and consider the modes of
cleavage of N-brominated derivatives of biologically important molecules that may
afford Br• in vivo.
[1] Pattison, D. I.; O’Reilly, R. J.; Skaff, O.; Radom, L.; Anderson, R. F.; Davies, M. J.
Chem. Res. Toxicol. 2011, 24, 371–382.
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Extension of Local Response Dispersion Method to
Excited-State Calculation
Y. Ikabata1 and H. Nakai1,2,3
1
2

School of Advanced Science and Engineering, Waseda University, Japan
Research Institute for Science and Engineering, Waseda University, Japan
3
JST-CREST, Japan Science and Technology Agency, Japan

Interaction energy (kcal/mol)

Various types of dispersion correction methods have been developed to improve the
description of weak interactions within the DFT framework. One of them is the local
response dispersion (LRD) method [1,2], which computes dispersion energy directly
from the electron density without fairly excess cost. We confirmed that the LRD
method can provide accurate interaction energies and potential energy curves of weakly
bounded complexes.
While the dispersion correction methods have succeeded for the ground-state, few of
them have been applied to the excited-state. The application of an empirical correction
is not preferable because it is difficult to reflect the change of electronic distribution.
Since the LRD energy explicitly depends on the electron density, we expect wide
applicability of this method to excimers and exciplexes. In this study, we perform
numerical assessment of the LRD method in the TDDFT calculation.
As an initial example, we calculated
10.0
potential energy curves (PECs) of
TD-LC-BOP
benzene excimer as shown in Figure 1.
5.0
TD-LC-BOP+LRD
The LRD energy was calculated in the
0.0
same manner as the ground-state except
for using excited-state density. Although
-5.0
the interaction was stronger than that in
the
ground-state,
the
dispersion
-10.0
correction obviously increased the
potential depth. Dispersion-corrected
-15.0
binding energy (0.62 eV) and inter2.0
3.0
4.0
5.0
6.0
molecular equilibrium distance (3.04 Å)
R (Å)
were consistent with the MCQDPT/cc- Figure 1. PECs of the first singlet excited-state
of sandwich benzene dimer by TDDFT
pVTZ calculation[3] (0.64 eV, 3.03 Å) calculations. R is the intermolecular distance.
and the experimental value (>0.36 eV[4]， The 6-31++G(d,p) basis set was used.
3.0-3.6 Å [5]).
[1] T. Sato and H. Nakai, J. Chem. Phys., 131 (2009) 224104
[2] T. Sato and H. Nakai, J. Chem. Phys., 133 (2010) 194101
[3] S. Shirai, S. Iwata, T. Tani, and S. Inagaki, J. Phys. Chem. A, 115, 7687 (2011).
[4] F. Hirayama and S. Lipsky, J. Chem. Phys., 51, 1939 (1969).
[5] T. Forster, Ang. Chem. Int. Ed., 8, 333 (1969).
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A study of confined hydrogen atom with a new confining potential
M. Hasanbulli1 , P. Schwerdtfeger 1 and M. Wormit1
Center for Theoretical Chemistry and Physics,
Massey University Albany, Auckland, New Zealand
1

Micheals et al. [1] introduced confined hydrogen model in 1937 to study how the pressure
and polarizability evolve as a function of of the compression. The behaviour of a system (an
atom, or, a molecule, etc.) subject to pressure can be simulated by placing it in a box of impenetrable walls, where the infinite potential is induced by neighbouring particles of negative
charge. Spacial confinement causes some certain changes in the observable properties of the
system such as energy spectrum, transition frequencies and transition probabilities as well
as polarizability. The confinement model is useful to systemically study effects on an atom
or molecule trapped in a microscopic cavity or in fullerenes. Metal properties, astrophysical
spectroscopic data, phase transition, matter embedded in electric fields, and nuclear models
are some of the other applications of confined systems.
In this study, we are concerned with the confined hydrogen atom with a new confining
potential of the form
 β
r
,
(1)
Vp (r) =
r0
where r0 defines the radius of the confinement to the system and β is the stiffness to the
confinement. Higher values of β corresponds to stiffer confinements. It is easy to observe
that Vp (r) → Vc (r) as β → +∞ since

 β
r
0 if r < r0 ,
lim Vp (r) = lim
= Vc (r) =
(2)
+∞
if r > r0 ,
β→+∞
β→+∞
r0
where Vc (r) is the hard-wall studied by many authors in the literature. We approach the
problem numerically and confirm that as stiffness β increases the potential Vp (r) starts mimicking Vc (r). Results are compared to existing ones focusing on hydrogen atom confined with
a hard-wall. Introduction of this new type of potential makes problem interesting enough to
investigate multi-electron systems as well as molecules.
[1] A. Michels, J. de Boer and A. Bijl, Physica, 4(10) (1937), 994.
[2] N. Aquino, G. Campoy and H.E. Montgomery, Int. J. Quantum Chem., 107(7) (2007),
1548.
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Beyond the Standard Model - the Variation of Fundamental Constants in
Space-Time
Peter Schwerdtfeger, M. G. Kozlov, Kyle Beloy, A. Borschevsky, V. Flambaum
Centre for Theoretical Chemistry and Physics, The New Zealand Institute for Advanced
Study, Massey University Auckland, Auckland, New Zealand.
Fundamental constants like the speed of light c, the Planck constant h or the gravitational
constant G play defining roles in physics and chemistry. Modern theories attempting to unify
all four fundamental forces of nature suggest that all fundamental constants may vary in space
and time. The search for such small variations currently constitutes one of the most exciting
areas of modern physics as it goes beyond the standard model in particle physics. In fact, this
area of research is motivated by new theories unifying gravity with the other three
fundamental interactions, as well as by a number of cosmological models. From atomic clock
experiments we already know that the variation of the fine structure constant Da/a is less than
~10-17 per year, and the variation in the electron to proton mass ratio Dm/m (m=me/mp) is
similarly small with less than ~10-15 per year. Quasar and Big Bang nucleosynthesis data gave
hints for non-zero variations, which, however, have not been confirmed yet. For further
progress in this area it is important to find enhanced effects in atoms or molecules for the
variation of fundamental constants.
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NWChem: Enabling cutting-edge open-source science from the
teraflop to the exaflop
W. A. De Jong, K. Kowalski, E. J. Bylaska, N. Govind, H. J. J. Van Dam, M. Valiev,
K. A. Lopata, and T. P. Straatsma
EMSL, Pacific Northwest National Laboratory, Richland, USA
With the availability now of machines ranging from hundreds of teraflops to tens of
petaflops, computational chemistry is on the verge of entering a new era of modeling.
Large computing resources can enable researchers to tackle scientific problems that are
larger and more realistic than ever before, and to include more of the complex
dynamical behavior of nature. However, computational chemistry software needs to be
available to the researchers to actually make effective use of petascale platforms and
beyond. Major collaborative efforts are underway in the NWChem open-source
consortium [1] to develop next-generation software and science capabilities that can
take full advantage of computational advances. In this presentation we will discuss the
development of scalable and unique computational chemistry capabilities in NWChem,
and we will demonstrate its performance on large scale computing platforms. NWChem
[2] is DOE’s premier quantum chemistry software developed at the Environmental
Molecular Science Laboratory at Pacific Northwest National Laboratory, and is
available to the scientific community through the open-source Educational Community
License.
[1] http://www.nwchem-sw.org/
[2] M. Valiev et al, Comput. Phys. Commun., 181 (2010), 1477
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Theoretical Simulations of the Rovibronic Spectra for Small Molecules
Per Jensen1
1

Physical and Theoretical Chemistry, University of Wuppertal, D-42097 Wuppertal,
Germany

In order to assist in the investigation of remote environments such as interstellar space,
the outer layers of cool stars, and the higher layers of the terrestrial atmosphere by remote
sensing experiments (e.g., radio astronomy in the case of interstellar space), we simulate
the rovibronic spectra of small molecules that are present, or could be present, in space
and/or in the atmosphere. These simulations are carried out with methods that we have
developed or co-developed during the last 25 years. In particular, we use the program
systems MORBID (Morse Oscillator Rigid Bender Internal Dynamics) [1], RENNER [2],
DR (Double Renner) [3], XY3 [4], and TROVE (Theoretical ROtation-Vibration
Energies) [5]. The simulations are typically based on ab initio potential-energy und
dipole-moment surfaces that are computed by our collaboration partners.
The simulated spectra facilitate the assignments of spectra observed in the laboratory or
in remote environments, and the theoretical intensities help to determine concentrations
and column densities. For some molecules, however, our calculations have helped to
elucidate and analyze initially unexpected energy level patterns, so-called energy clusters
occurring at high rotational excitation [6]. The talk will give examples of different types
of calculations carried out and discuss the energy cluster phenomenon.
[1] P. Jensen, J. Mol. Spectrosc., 128 (1988), 478.
[2] G. Osmann, P. R. Bunker, P. Jensen, and W. P. Kraemer, Chem. Phys., 225 (1997),
33.
[3] V. V. Melnikov, T. E. Odaka, P. Jensen, and T. Hirano, J. Chem. Phys. 128 (2008),
114316 and references therein.
[4] S. N. Yurchenko, W. Thiel, M. Carvajal, H. Lin, and P. Jensen, Adv. Quant. Chem. 48
(2005), 209 and references therein.
[5] S. N. Yurchenko, W. Thiel, and P. Jensen, J. Mol. Spectrosc. 245 (2007), 126.
[6] P. Jensen, Mol. Phys. 98 (2000), 1253; S. N. Yurchenko, W. Thiel, S. Patchkovskii,
and P. Jensen, Phys. Chem. Chem. Phys. 7 (2005), 573.
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Semiclassical Theory of Electronically Non-Adiabatic Dynamics
William H. Miller
Department of Chemistry and K. S. Pitzer Center for Theoretical Chemistry
University of California
and Chemical Sciences Division, Lawrence Berkeley National Laboratory
Berkeley, California 94720-1460
The focus of my research over the last decade has been on developing semiclassical (SC)
theory into a practical way for adding quantum effects to classical molecular dynamics (MD)
simulations of large, complex molecular systems. A particularly interesting and important
aspect of this is the ability to describe electronically non-adiabatic processes in a fashion that
treats nuclear and electronic degrees of freedom (DOF) in an equivalent dynamical framework.
This is accomplished by using a model developed by Meyer and Miller (MM) [J. Chem. Phys.
70, 3214 (1979)] for replacing a finite set of electronic states of a molecular system (i.e., the
various potential energy surfaces and their couplings) by a classical Hamiltonian involving the
nuclear and (collective) electronic DOF. Much later Stock and Thoss (ST) [Phys. Rev. Lett. 78,
578 (1997)] showed that the MM model is actually not a ‘model’, but rather a ‘representation’ of
the nuclear-electronic system; i.e., were the MM nuclear-electronic Hamiltonian taken as a
Hamiltonian operator and used in the Schrödinger equation, the exact (quantum) nuclearelectronic dynamics would be obtained. In recent years various initial value representations
(IVRs) of SC theory have been used with the MM Hamiltonian to describe electronically nonadiabatic processes. Of special interest is the fact that although the classical trajectories
generated by the MM Hamiltonian (and which are the ‘input’ for an SC-IVR treatment) are
‘Ehrenfest trajectories’, when they are used within the SC-IVR framework the nuclear motion
emerges from regions of non-adiabaticity on one potential energy surface (PES) or another, and
not on an average PES as in the traditional Ehrenfest model. Very recently an even more
ambitious SC description of electronic DOF—one which replaces the fermionic creation and
annihilation operators in the general second-quantized many-electron Hamiltonian by functions
of classical action-angle variables—has been seen to provide an excellent description of
transmission of electrons through a molecular junction. This opens up the possibility of being
able to use classical MD simulations (of electronic and nuclear DOF) to model the many aspects
of current interest in ‘molecular electronics’.
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Nucleation, Growth and Healing Processes of Single-Walled Carbon
Nanotubes from Metal Clusters and SiO2 and SiC Surfaces: Density
Functional Tight-Binding Molecular Dynamics Simulation t
Stephan Irle,1 Alister J. Page,2 Biswajit Saha,2 Ying Wang,1 K. R. S. Chandrakumar,2
Yoshio Nishimoto,1 Hu-Jun Qian,1 and Keiji Morokuma2,3
1

Institute for Advanced Research and Department of Chemistry, Nagoya University,
Nagoya 464-8602, Japan
2
Fukui Institute for Fundamental Chemistry, Kyoto University, Kyoto 606-8103, Japan
3
Cherry L. Emerson Center for Scientific Computation and Department of Chemistry,
Emory University, Atlanta, GA 30322, U.S.A
We review our quantum chemical molecular dynamics (QM/MD)-based studies of
carbon nanostructure formation under nonequilibrium conditions that were conducted
over the past ten years. Fullerene, carbon nanotube, and graphene formation were
simulated on the nanosecond time scale, considering experimental conditions as closely
as possible. An approximate density functional method was employed to compute
energies and gradients on-the-fly in direct MD simulations, while the simulated systems
were continually pushed away from equilibrium via carbon concentration or
temperature gradients. We find that carbon nanostructure formation from feedstock
particles involves a phase transition of sp to sp2 carbon phases, which begins with the
formation of Y-junctions, followed by a nucleus consisting of pentagons, hexagons, and
heptagons. The dominance of hexagons in the synthesized products is explained via
annealing processes that occur during the cooling of the grown carbon structure,
accelerated by transition metal catalysts when present. The dimensional structures of
the final synthesis products (0D spheres – fullerenes, 1D tubes – nanotubes, 2D sheets –
graphenes) are induced by the shapes of the substrates/catalysts, and their interaction
strength with carbon. Our work prompts a paradigm shift away from traditional
anthropomorphic formation mechanisms solely based on thermodynamic stability.
Instead, we conclude that nascent carbon nanostructures at high temperatures are
dissipative structures described by nonequilibrium dynamics in the manner proposed by
Prigogine, Whitesides, and others. As such, the fledgling carbon nanostructures
consume energy while increasing the entropy of the environment, and only gradually
anneal to achieve their familiar, final structure, maximizing hexagon formation
wherever possible
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Protein-lignad binding free energy calculations
using the FMO/PCM method
K. Kitaura
Kyoto Univ., Kyoto, Japan

The fragment molecular orbital method (FMO) [1] has made feasible quantum
chemical calculations of large molecular systems such as whole protein-ligand
complexes. In order to incorporate solvent effect into the calculations, FMO has been
combined with the polarizable continuum model (FMO/PCM[2]). The method at the
level of FMO-MP2/PCM/6-31G* was applied to the calculations of binding free energy
between protein kinase 2 (CK2α) and its various ligands including charged, polar and
non-polar ones. The result showed good correlation between the calculated and
experimental binding free energies.
[1] D. G. Fedorov, K. Kitaura, J. Phys. Chem. A, 111 (2007), 6904
[2] D. G. Fedorov et al, J. Comp. Chem., 27 (2006), 976
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Chemical Reaction Dynamics in Solutions and Enzymes – A Tribute to
the Memory of Professor Shigeki Kato
Shigehiko Hayashi1
1

Graduate School of Science, Kyoto University, Kyoto, JAPAN

Professor Shigeki Kato, who passed away on March 31st, 2010, performed
pioneering theoretical studies on chemical reaction dynamics in solutions and enzymes
as well as gas phase reaction dynamics. In this talk, I will present a brief summary of
his achievements on the solution and enzymatic chemical reactions.
He is one of the pioneers to combine ab initio molecular orbital (MO) approach with
molecular simulations with molecular mechanics (MM) force fields for understanding
chemical reaction mechanisms in solution phase. His approach was first applied to an
excited state process of dimethylamino-benzonitrile, which undergoes twisted
intramolecular charge transfer (TICT) upon photoabsorption in polar solvents [1,2]. He
constructed a model Hamiltonian of excited electronic states based on ab initio MO
calculations and combined it with Monte Calro and molecular dynamics (MD)
simulations of polar solutions. The studies succeeded in elucidating electronic nature,
free energy reaction profile, and reaction molecular dynamics of the TICT state
formation in polar solvents underlying experimentally observed anomalous Stoks shift.
Such combinatory approaches were also applied to inter- and intra-molecular electron
transfer reactions in polar solvents [3-5], revealing in atomic and electronic details
crucial coupling between solvation and electronic states in the reaction processes.
He then developed RISM-SCF method [6,7] which combines ab initio MO methods
with a statistical molecular liquid theory, the reference interaction site model (RISM).
The method allows one to calculate electronic structure of molecule in solution very
efficiently and accurately. The conceptual basis of the RISM-SCF theory, i.e., the
variational optimization of free energy functional with respect to electronic
wavefunction and solvent distribution has been introduced to hybrid quantum
mechanics/molecular mechanics (QM/MM) free energy optimization methods [8-10]
where thermal fluctuation of MM environment of solvent or protein surrounding QM
molecules in the QM/MM approach can be taken into account.
[1] S. Kato and S. Amatatsu, J. Chem. Phys. 92 (1990), 7241. [2] S. Hayashi, K. Ando
and S. Kato, J. Phys. Chem. 99 (1995), 955. [3] K. Ando and S. Kato, J. Chem. Phys. 95
(1991), 5966. [4] S. Hayashi and S. Kato, J. Phys. Chem. A. 102 (1998), 2878. [5]	
   S.
Hayashi and S. Kato, J. Phys. Chem. A. 102 (1998),3333. [6]	
  S. Ten-no, F. Hirata and S.
Kato, J. Chem. Phys. 100 (1994),7443. [7] H. Sato, F. Hirata and S. Kato, J. Chem.
Phys. 105 (1996), 1546. [8] M. Higashi, S. Hayashi, and S. Kato, Chem. Phys. Lett., 437
(2007), 293. [9] M. Higashi, S. Hayashi, and S. Kato, J. Chem. Phys., 126 (2007),
144503. [10] T. Yamamoto, J. Chem. Phys. 129 (2008), 244104. [11] T. Kosugi and S.
Hayashi, submitted.
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Ab initio theoretical investigation of chemical reaction dynamics in gas
and condensed phases
Takeshi Yamamoto
Department of Chemistry, Graduate School of Science, Kyoto University,
Kyoto 606-8502, Japan
E-mail: yamamoto@kuchem.kyoto-u.ac.jp
I had an opportunity to work with Professor Shigeki Kato for several years as a research
assistant, so I will briefly talk about three topics among his recent strudies. He was very much
interested in modeling and understanding chemical reaction dynamics in gas and condensed
phases from ab initio/first-principles perspective.
• Quantum reaction dynamics of gas-phase reactions, including wave packet propagation
on ab initio potential energy surface for ground and excited states [1].
• Study of solution-phase chemistry using the RISM-SCF method. This method combines electronic structure theory with integral equation theory of solvent, thus including
molecular aspects of solvent into free energy calculation. It has been applied successfully to various problems, including solvent effects on conical intersections in solution.
The underlying idea has been recently extended to a QM/MM framework [2].
• Development of charge response kernel (CRK) for obtaining accurate polarizable MM
force fields in an ab initio manner. The CRK describes linear response of partial charges
with respect to applied ESP field. It has been used to develop accurate polarizable force
fields of water, proteins, ionic liquids, a reactive potential for enzyme, and also to study
interfacial properties of solution systems [3].

[1] T.Nakajima, S.Kato, JCP 105,5927 (1996); T.Yamamoto, S.Kato, JCP 112,8006 (2000).
[2] S. Ten-no, F. Hirata, S. Kato, JCP 100, 7443 (1994); H. Sato, F. Hirata, S. Kato, JCP
105, 1546 (1996); S. Yamazaki, S. Kato, JCP 123, 114510 (2005); JACS 129, 2901
(2007); T. Mori, K. Nakano, S. Kato, JCP 133, 064107 (2010); T. Yamamoto, JCP 129,
244104 (2008).
[3] A. Morita and S. Kato, JACS 119, 4021 (1997); JCP 108, 6809 (1998); S. Iuchi, A.
Morita, S. Kato, JPCB 106, 3466 (2002); M. Isegawa and S. Kato, JCTC 5, 2809 (2009);
H. Nakano, T. Yamamoto, S. Kato, JCP 132, 044106 (2010); M. Higashi, D.G.Truhlar,
JCTC 5, 2925 (2009); A. Morita, T. Ishiyama, PCCP 10, 5801 (2008).
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Computational study of relaxation pathways in electronically excited
states of dye molecules in the gas and solution phases.
Akira Nakayama1 and Tetsuya Taketsugu1
1

Division of Chemistry, Graduate School of Science, Hokkaido University
Sapporo 060-0810, JAPAN

We have investigated the radiative and nonradiative deactivation process of dye
molecules in the gas and solution phases using high-level ab initio and QM/MM
calculations. In the first part, the nonradiative deactivation pathways of diphenyl and
triphenyl methane dyes in the singlet excited states, S1 and S2, are investigated by the
CASPT2//CASSCF approach. The deactivation pathways connecting the FranckCondon region and conical intersection regions are identified. The initial population in
the S1 state is on a flat surface and the relaxation involves a rotation of phenyl rings,
which leads the molecule to reach the conical intersection between the S1 and S0 states,
where it efficiently decays back to the ground state. There exists a small barrier
connecting the Franck-Condon and conical intersection regions on the S1 potential
energy surface. The decay mechanism from the S2 state is also investigated in detail. In
contrast to the excitation to the S1 state, the initial population is on a downhill ramp
potential and the barrierless relaxation through the rotation of substituted phenyl rings is
expected. In relaxation from both S1 and S2, large distortion of phenyl rings is required
for the ultrafast nonradiative decay to the ground state. We will present results of
auramine and malachite green as representative examples of diphenyl and triphenyl
methane dyes, respectively.
In the second part, radiative and nonradiative relaxation of coumarine molecule
is examined by excited-state QM/MM-MD approach. The absorption and fluorescence
spectra are obtained in the polar solvents, acetonitril (CH3CN), methanol (CH3OH), and
water (H2O), as well as in nonpolar solvent of hexane. The relative stability and
involvement of intramolecular charge-transfer (ICT) and local excitation (LE) states are
discussed in the relaxation dynamics in both polar and nonpolar solvents.
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[1] A. Nakayama and T. Taketsugu, J. Phys. Chem. A, 115, 8808 (2011).
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Theoretical study of the effect of alkali-metal on s-p hybridization in
MAln– (M=Li, Na, K, Cs; n=8, 9) clusters
C. Ishibashi and H. Matsuzawa
Department of Life and Environmental Sciences, Graduate School of Engineering, Chiba
Institute of Technology,2-17-1 Tsudanuma, Narashino, Chiba 275-0016, Japan
The results of the photoelectron spectra (PES) for the Al–based clusters provide the
details of their electronic structure. From the observation of the anion PES for Aln–, it
was found that the Al 3s– and 3p–derived bands evolve and broaden with the cluster size
and begin to overlap at Al9–. The spectra of LiAln– and CsAln– (n≤8) show multiple peaks,
whereas those with n≥9 show a single broad feature [1, 2]. This behavior indicates that
the s–p hybridization is already completed at n=9. The geometric change from the
octahedral Al framework for n=8 to the wheel–like Al framework for n=9 was also found
in LiAln– and CsAln–. In our previous study, it was found that incomplete s-p
hybridization occurs in the wheel-like structure of the low-lying LiAl8– due to the addition
of a Li atom to Al8–. In this study, the effects of the alkali-metal on the s-p hybridization
in MAln– (M=Li, Na, K and Cs ; n=8 and 9) clusters are investigated. The geometries of
MAln– cluster were obtained by using B3LYP method. Basis sets used were 6-311+G*
for Al and Li-K atoms, and LanL2DZ for Cs atom. The MO coefficients, charge
distributions and some physical properties were examined in order to investigate the
effect of alkali-metal on the s-p hybridization. The octahedral structure of Al8– is changed
to the wheel-like due to the addition of an alkari-metal. From comparison with the Al9–
cluster, it is found that the s-p hybridization of MAl8– is larger than that of Al9–. The
effect of the Li atom on the s-p hybridization is larger than that of the other alkari-metal.
Figure 1 shows one of the molecular orbitals formed the s-p hybridization. The large 2s
orbital component of the Li atom is found in this figure. In the MAl9– cluster, the alkalimetal locates at out side of the wheel-like Al9– cluster. The energy gap of the s-p
hybrized orbitals for MAl9– becomes narrower with the increasing of atomic number of
alkali-metal. The lowest s-p hybrized orbital including 2s component of Li is more stable
than those of CsAl9– and KAl9– because of the shell character change from 1F to 1D shell
in LiAl9–.
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Fig. 1 One of the s-p hybrized molecular orbitals of MAl8–.
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[1]O. C. Thomas, et al., J. Chem. Phys., 114 (2001), 9895
[2] K. Koyasu, et al., Chem. Phys. Lett., 421 (2006), 534
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Theoretical Interpretation of the Photophysical Properties of
[n]Cycloparaphenylenes
C. Camacho, K. Itami, and S. Irle
Department of Chemistry, Graduate School of Science, Nagoya University, Nagoya
464-8601, Japan
The photophysical properties of cycloparaphenylenes are studied and analyzed by means
of time-dependent density functional theory (TD-DFT) as well as molecular dynamic simulations in conjunction with the time-dependent self-consistent charge density-functional tight
binding [1] (TD-SCC-DFTB) and TD-DFT methods. TD-DFT energetics employ the CAMB3LYP exchange-correlation functional [2] with the def-SV(P) basis set [3]. The features
observed in the absorption and emission spectra of [n]CPPs are studied and assigned. A doubly degenerate E state is responsible for the strong absorption observed in the UV-vis spectra;
while its distorted Jahn-Teller components are responsible for the strong emissions recorded
in the fluorescence spectra. It is also found that dynamic effects play an important role in the
proper description of the features observed in the emission spectra of [n]CPPs.
[1] T. A. Niehaus, S. Suhai, F. Della Sala, P. Lugli, M. Elstner, G. Seifert, and Th. Frauenheim, Phys. Rev. B, 63 (2001), 085108
[2] T. Yanai, D. P. Tew, and N. C. Handy, Chem. Phys. Lett., 393 (2004), 51
[3] A. Schaefer, H. Horn, and R. Ahlrichs, J. Chem. Phys., 97 (1992), 2571
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Effects of the donor-acceptor orientation on the triplet excited states in
the toluene-TCNB and xylene-TCNB complexes
H. Matsuzawa , C. Ishibashi , and H. Shiraishi
Department of Life and Environmental Sciences, Graduate School of Engineering,
Chiba Institute of Technology,2-17-1 Tsudanuma, Narashino, Chiba 275-0016, Japan
There are several experimental and theoretical reports for the excited states of methyl
substituted benzene (toluene, xylene, mesitylene, durene, pentamethylbenzene and
hexamethylbenzene)-1,2,4,5-tetracyanobenzene (TCNB) complexes. In the lowest
triplet excited states of these complexes, the local excitation of the TCNB molecule and
the Charge-Transfer (CT) excitation between the TCNB and the methyl substituted
benzene are found. The experimental results suggest that the local excitation of the
TCNB molecule are main component of the lowest triplet excitation in the tolueneTCNB and xylene-TCNB complexes. In this study, the effects of the orientation of the
donor and acceptor on the lowest triplet excited states of these complexes were
examined theoretically. The geometric and electronic structures of the TCNB
complexes were obtained with the B3LYP and TD-DFT calculations with the 6-31+G*
basis set. The contribution of the CT excitation for the excited state with the donoracceptor orientation was estimated on the basis of the CI coefficients. The contributions
of 27-42% or 38-98% of the CT state were estimated in toluene-TCNB or xyleneTCNB complex, respectively. In the toluene-TCNB complex, the CT excitation
becomes large when the methyl group is closed to the CN group. The contribution of
the CT excitation in o-xylene-TCNB is larger than those in m- and p-xylene-TCNB. In
the o-xylene-TCNB complex, two methyl groups are close to the CN group in all
orientations. Therefore, the orientation of the methyl and CN groups plays an important
role for the contribution of the CT excitation. 	
  

	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   Fig. 1 Contribution of the CT excitation in the toluene-TCNB complex
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Theoretical study on the reaction mechanism of formation of 3,5diacetyl-1,4-dihydro-2,6-dimethylpyridine
Hiroyuki Teramae1 and Yasuko Y. Maruo2
1

Department of Chemistry, Josai University, Japan
2
NTT Energy & Environmental Labs., Japan

The measurement of the concentration of formaldehyde is based on the acetyl
acetone method (Nash Reagent) in the aqueous solution as shown in Fig 1. The method
utilizes the reaction of two acetyl acetone molecules, an ammonium ion, and a
formaldehyde molecule yielding a lutidine derivative. Very recently, Maruo and coworkers [1] found that β diketones (pentane-2,4-dione (R1,R2 = CH3) 1-phenyl-1,3butanedione (R1=CH3, R2=Ph) or 1,3-diphenyl-1-3-propanedione (R1=Ph, R2 =Ph)), and
ammonium salts in porous glasses can be used for a measurement of formaldehyde in
the gas phase. As a first step of figuring out the behavior of the lutidine derivative in
porous glass, we perform ab initio molecular orbital calculations to figure out the
reaction path from pentane-2,4-dione to 3,5-diacetyl-1,4-dihydro-2,6- dimethylpyridine.
The HF/3-21G and MP2/6-31G** level molecular orbital calculations are performed
on the lutidine derivative (3,5-diacetyl-1,4-dihydrolutidine, IUPAC name 3,5-diacetyl1,4-dihydro-2,6- dimethylpyridine)
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Figure 1. The reaction formula of the formation of the lutidine derivatives.
The first step of the reaction, for example, would be a formation of 4-amino-3penten-2-one (FLUORAL-P) from 2,4-pentanedione and ammonia. The largest barrier
height was found to be about 57 kcal/mol at HF/3-21G level, which is the H2O
elimination yielding FLUORAL-P. The barrier height is reduced to about 52 kcal/mol at
the MP2/6-31G**. The energy is still high, however, the solvation with water molecules
will reduce the energy barrier. The effect of the phenyl substituents will be discussed.
[1] Maruo, Y. Y.; Nakamura, J.; Uchiyama, M., Talanta, 74 (2008) 1141–1147.
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Estimating the energy of protonation of guanine-cytosine radical anion
by water
Hsing-Yin Chen
Department of Medicinal and Applied Chemistry, Kaohsiung Medical University,
Kaohsiung, Taiwan

When the guanine-cytosine (GC) base pair is reduced, the excess electron, which is
localized on the cytosine moiety, will significantly increase the basicity of the cytosine,
which in turn, change the prototropic equilibrium in the base pair. Previous
experimental and theoretical studies on GC have shown that the proton transfer from
N1 of G to N3 of C, leading to the formation of distonic radical anion of
G(N1H)C(N3+H), is highly favorable. In this work, we further consider the
possibility that the surrounding water molecules participate in the prototropic
equilibrium of GC, that is, the protonation of GC by water. We used two approaches
to estimate the protonation energy of GC in aqueous solution. In the first approach, the
protonation energy is expressed as the sum of the gas-phase reaction energy of GC +
H2O  GCH + OH and the solvation energy difference between products and
reactants. The solvation energy for each species is partitioned into the contributions
from the explicit water molecules in the first hydration shell and the bulk hydration
represented by implicit solvation model. In the second approach, water clusters of
cytosine radical anion, C8H2O, and N1-deprotonated guanine anion,
G(N1H)16H2O, are constructed and used as models to simulate the protonation of
GC by water before and after the interbase proton transfer occurs, respectively. The
nonprotonated and protonated structures and the transition states connecting them were
optimized at B3LYP/6-31+G* level under the consideration of bulk hydration. The
results from both approaches consistently reveal that the protonation of GC by water is
a highly endergonic process ( 10 kcal mol1) and thus unlikely to occur. We conclude
that the prototropic equilibrium of GC radical anion is dominated by the interbase
proton-transferred structure, G(N1H)C(N3+H).
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Molecular behavior phosposrylation inhibition flavonoid analogues on the cyclin
dependent kinase 6/cyclin D complex
W. Khuntawee1, T. Rungrotmongkol1, and S. Hannongbua1, 2
1

Computational Chemistry Unit Cell, Department of Chemistry, Faculty of Science,
Chulalongkorn University, Bangkok 10330, Thailand
2
Center of Innovative Nanotechnology, Chulalongkorn University, 254 Phayathai
Road, Bangkok 10330, Thailand

Most traditional therapies of cancer aim to inhibit CDKs with specific target
drugs for decrease toxicity to normal cell and high efficiency therapy. Cyclin dependent
kinases (CDKs), each with associate partner cyclin, that are implicated in the regulation
of the cell cycle, are potentially interesting targets for cancer therapy. CDK6 complex
with cyclin D (CDK6/cycD) drives cellular proliferation by phosphorylation reaction
[1]. These molecular dynamics simulations were performed CDK6/cycD inhibited by
three inhibitors, fisetin (FST), apigenin (AGN) and chrysin (CHS), including the two
different binding conformations of CHS: FST-like (CHS_A) and deschloroflavopiridol-like (CHS_B). For all systems, the conserved strong H-bond between the 4keto group of the flavonoid and the backbone V101 nitrogen of CDK6 were found. The
3'- and 4'-OH groups on the flavonoid phenyl ring were found to significantly increase
the binding efficiency. The electrostatic interactions, especially through hydrogen bond
interactions, the van der Walls (vdW) interactions with the I19, V27, F98, H100 and
L152 residues of CDK6 are also important factors in the inhibitory efficiency. The order
of the predicted inhibitory affinities was FST > AGN > CHS, which is in good
agreement with the IC50 experimental data [2]. In addition, CHS preferentially binds to
the active CDK6 in similar to deschloro-flavopiridol (CHS_B). The obtained results are
fundamental information for the further anti-cancer drug design exclusively targeting
the CDK6.

[1] M.D. Garrett, Curr. Sci. India., 81 (2001), 515-522
[2] H. Lu et al, J. Med. Chem., 48 (2005), 737-743
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Structure of titanium-N-salicylyl-β
β-aminoalcohol complexes
W. Parasuk1, T. Choteimudom1, and V. Parasuk2
1

Department of Chemistry, Faculty of Science, Kasetsart University, Bangkok,
Thailand
2
Department of Chemistry, Faculty of Science, Chulalongkorn University, Bangkok,
Thailand

Titanium-N-salicylyl-β-aminoalcohol complexes have been used as
stereoselective catalysts for HCN addition reactions, i.e. Strecker reaction.[1,2]
However, the mechanism of this class of catalyst in Strecker reaction is still not
clarified. There are several proposed structures of the catalyst complexes as well as their
complexes with imine substrate, aiming to describe the stereoselectivity of the
catalysts.[3] We have investigated the structures of the Ti-catalyst with imine substrate
complexes by density functional theory using the B3LYP functional. The 6-31G(d, p)
basis was applied for C, H, N, O atoms and LanL2DZ basis with effective core potential
was used for Ti atom. The ligand N-salicylyl-β-aminoalcohol binds its two oxygen and
nitrogen atoms to Ti. The mer-isomers are more stable than the fac-isomers.

[1] V. Banphavichit, W. Mansawat, W. Bhanthumnavin, and T. Vilaivan Tetrahedron
60 (2004), 10559
[2] A. M.Seayad, B. Ramalingam, K. Yoshinaga, T. Nagata, and C. L. L. Chai, Org.
Lett. 12 (2010), 264
[3] S. Qin, C. Hu, H. Yang, Z. Su, and D. Tang, J. Org. Chem. 73 (2008), 4840

mer-isomer

fac-isomer
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Analysis of electron dynamics
described by real-time TDHF/TDDFT calculations
T. Akama1, A. Hiratsuka1, T. Yagasaki2, S. Saito2, and H. Nakai1,3,4
1

School of Advanced Science and Engineering, Waseda University, Tokyo, Japan
2
Institute for Molecular Science, Okazaki, Japan
3
Research Institute for Science and Engineering, Waseda University, Tokyo, Japan
4
CREST, Japan Science and Technology Agency, Tokyo, Japan

The time-dependent Hartree-Fock method and time-dependent density functional
theory (TDHF/TDDFT) have been mainly utilized as tools for evaluating frequencydomain properties such as excitation spectra and frequency-dependent polarizabilities.
Recently, TDHF/TDDFT calculations were applied to describing electron dynamics
with real-time propagation method. In these previous studies, electron dynamics
described by real-time (RT) TDHF/TDDFT calculations were analyzed by the Fourier
transform technique to obtain frequency-domain preperties and directly through time
evolutions of molecular properties. In this study, we proposed two analyzing methods
for electron dynamics, short-time Fourier transform (STFT) analysis and
multidimensional spectroscopy (MDS) for electronic excited states. STFT has been
utilized as a time-frequency analysis in the field of molecular dynamics simulation. We
applied the STFT analysis to a time series of induced polarization vectors obtained by
RT-TDHF/TDDFT calculation [1]. The STFT analysis revealed that the induced
polarization involving specific excited states propagated through intermolecular
interaction, which corresponds to a picture of exciton migration. MDS, such as twodimensional NMR, has been widely utilized for observing state-state coupling. Recently,
two-dimensional IR and Raman spectroscopy were proposed and succeeded to observe
molecular vibration coupling and its time evolution [2,3]. We extended MDS to
electronic excited states described by RT-TDHF calculation. By using two-dimensional
spectroscopy for excited states, we can obtain time evolution of electronic excited-state
coupling. STFT and MDS with RT-TDHF/TDDFT calculations would be effective
methods for observation of electron dynamics associated with the excited states.
[1] T. Akama and H. Nakai, J. Chem. Phys. 132, 054104 (2010).
[2] Y. Tanimura and S. Mukamel, J. Chem. Phys. 99, 9496 (1993).
[3] T. Yagasaki and S. Saito, J. Chem. Phys. 128, 154521 (2008).
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Guest-induced window size in ZIF-8 studied by molecular
dynamic simulations
T. Chokbunpiam1, O. Saengsawang2, R. Chanajaree2, S. Fritzsche3 and S. Hannongbua2
1

Petrochemical Science Program, Faculty of Science, Chulalongkorn University,
Bangkok 10330,Thailand
2
Computational Chemistry Unit Cell (CCUC), Department of Chemistry, Faculty of
Science, Chulalongkorn University, Bangkok 10330,Thailand
3
Institute of Theoretical Physics, Faculty of Physics and Geosciences, University of
Leipzig, Postfach 100920, Leipzig 04009, Germany

Zeolitic Imidazolate Framework-8, namely, ZIF-8 is the novel subfamily of the
metal organic frameworks (MOFs), consisting of the Zn metal linked by the
methylimidazolate organic linker. With high thermal and chemical stability as well as
surface area, it becomes the promising candidate in the application of gas separation and
storage. The MD simulations of four guest molecules, i.e., hydrogen, carbon dioxide,
methane and ethane encapsulated in ZIF-8 were conducted with lattice flexibility. The
guest-induced the window size was investigated. H2 is too small and can pass the
window without hindrance, therefore, there is only slightly effect to the window size.
Moreover, it prefers to adsorb at C=C of imidazolate linkers, whereas, the CH4, C2H6
and CO2 molecules, prefer to adsorb at the methyl group of imidazolate linkers. With
increasing CH4, C2H6 and CO2 loadings, the window size becomes significantly smaller
than the original window size of 3.405, because the guest molecules form the cluster
and induce the methyl group to reduce the window size.

Fig. 1 Window size of ZIF-8 framework.

[1]. K. S. Park et al, PNAS, 27 (2006), 10186
[2]. H. Wu et al, J. AM. CHEM. SOC., 17 (2007), 5314
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Density functional theory study for the complex of cisplatin and 9methylguanine:1-methylcytosine base pair and its electron adducts
Sodio C. N. Hsu and Hsing-Yin Chen
Department of Medicinal and Applied Chemistry, Kaohsiung Medical University,
Kaohsiung, Taiwan

The effect of low-energy electrons (LEEs) on DNA damage has attracted increasing
interests in the past decade. It has been demonstrated that LEEs can induce single- and
double-strand breaks,[1] glycosidic bond break,[2] and interbase proton transfer.[3] Recent
experimental results further pointed out that incorporation of anticancer drug cisplatin
can raise the yield of DNA strand breaks induced by LEEs;[4] however, the underlying
principle, especially the molecular level understanding, is extremely deficient and
unclear yet. As a first step toward the understanding on the cooperative effect of LEEs
and cisplatin, we adopted density functional theory calculations to investigate the
complex of cisplatin and 9-methylguanine:1-methylcytosine (mGmC) and its three
reductive states. The properties discussed in this work include 1) the proton transfer in
mGmC, 2) the structural changes induced by excess electrons, 3) the distributions of
excess electrons, 4) electron affinities, and 5) the binding between cisplatin and mGmC.
Briefly, the computational results indicate that electron attachment would cause
significant variations in prototropic equilibrium in mGmC and binding structure
between cisplatin and mGmC.

[1] L. Sanche et al, Science 287 (2000), 1658
[2] Y. Zheng et al, J. Am. Chem. Soc., 126 (2004), 1002
[3] K. H. Bowen et al, J. Am. Chem. Soc., 131 (2009), 2663
[4] L. Sanche, Chem. Phys. Lett. 474 (2009), 1

132

APCTCC-5

S ESSION 24: P OSTER – P-12

A comparative ab initio study of the nonradiative deactivation
mechanisms of uracil, thymine, and 5-fluorouracil
Shohei Yamazaki and Tetsuya Taketsugu
Division of Chemistry, Graduate School of Science, Hokkaido University, Sapporo,
Japan

The nucleic acid bases strongly absorb UV light, but the quantum yields of
photochemical reaction products are very low. This observation suggests that chemical
reactions of the photoexcited bases are efficiently quenched by ultrafast nonradiative
decay processes back to the electronic ground state, which provide DNA and RNA with
a high degree of photostability. In the present work, the nonradiative deactivation
mechanisms of uracil and its substituted derivatives thymine (5-methyluracil) and 5fluorouracil after absorption of UV light are explored and compared by means of ab
initio calculations. The multi-state (MS) CASPT2 method is employed for the
calculation of potential energy profiles, especially for the geometry optimization in the
electronically excited state, with the aim of an accurate prediction of excited-state
deactivation pathways which lead to conical intersections with the ground state. Our
results suggest that both the 1ππ* and 1nπ* excited states are likely to contribute to the
ultrafast nonradiative decay. On the basis of the calculated potential energy profiles,
substituent effects on the decay process which are responsible for the different excitedstate lifetimes of the three uracil compounds are discussed.
[1] S. Yamazaki and T. Taketsugu, submitted for publication.
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Theoretical study of the hydroalumination reaction of cyclopropane
with alane
Satya Prakash Singh1 and Pompozhi Protasis Thankachan1
1

Indian Institute of Technology Roorkee Roorkee,Uttarakhand,India

The hydroalumination of cyclopropane has been investigated using the B3LYP density
functional method employing several split-valence basis sets. It is shown that the
reaction proceeds via an intermediate weakly bound complex and a four-centered
transition state. Calculations at higher levels of theory were also performed at the
geometries optimized at the B3LYP level, but only slight changes in the barriers were
observed. Structural parameters for the transition state are also reported.
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Theoretical Study on Electronic Structures of
µ-oxo-Bridged Manganese Complex
Nanami Seki1, Akira Nakayama2, and Tetsuya Taketsugu2
1

Graduate School of Chemical Sciences and Engineering,
Hokkaido University, Sapporo, Japan
2
Graduate School of Science, Hokkaido University, Sapporo, Japan
nanami-s@mail.sci.hokudai.ac.jp
The manganese complex has received much attention both theoretically and
experimentally since manganese shows particularly rich redox property with several
oxidizing states. In particular, the oxygen-evolving complex (OEC) in photosystem II
(PSII), which is composed of a µ-oxo-bridged tetra-nuclear manganese cluster, is known
to oxidize water molecules into oxygen molecules efficiently [1], and its imitative
complex also has the ability to evolve oxygen [2], so there is a growing interest in
utilizing this kind of manganese complex as a catalyst in water splitting. In most
theoretical studies on this type of transition metal complexes, density functional theory
(DFT) methods have been employed to predict the structural and electronic properties
and to investigate the reaction mechanism, with a reasonable cost. As to the relative
energies of different spin states with open-shells of d-electrons, however, DFT methods
are not considered to predict an accurate result [3].
In this work, we applied multi-configurational self-consistent field (MCSCF)
method, as well as B3LYP (DFT) method, with Sapporo-DZP basis sets [4], to
investigate the electronic structures of the highest/lowest spin states of several kinds of
di-µ-oxo-bridged manganese dinuclear complex and to estimate the effective exchange
integrals value (J) in detail, and discuss about the capabilities of the DFT method. In
DFT calculations, the low-spin states are calculated by the broken-symmetry technique.
More details and discussions are given in the poster session.	
  

[1] V.K. Yachandra, K. Sauer, and M.P. Klein, Chem. Rev. 96, 2927 (1996).
[2] J. Limburg, J.S. Vrettos, L.M. Liable-Sands, A.L. Rheingold, R.H. Crabtree,
and G.W. Brudvig, Science 283, 1524 (1999).
[3] E.M. Sproviero, J.A. Gascon, J.P. McEvoy, G.W. Brudvig, and V.S. Batista,
J. Inorg. Biochem. 100,786 (2006).
[4] http://setani.sci.hokudai.ac.jp/sapporo/

135

S ESSION 24: P OSTER – P-15

APCTCC-5

Nonlinear optical property calculations by the long-range-corrected
time-dependent density-functional method
Muneaki Kamiya1 and Hideo Sekino2
1

2

Fucaluty of Regional Studies , Gifu Universty, Gifu, Japan
Department of Electrical and Electronic Information Engineering, Toyohashi
University of Technology, Japan

The long-range correction (LC) scheme for the exchange functional of densityfunctional theory (DFT) was combined with the time-dependent density-functional
theory (TDDFT) method to calculate nonlinear optical response properties. The higherorder functional derivatives of an exchange correlation functional have been
implemented by virtue of a symbolic algebra system largely automating these processes.
They are based on spin-orbital formalisms and can describe frequency dependent
molecular properties of open-shell molecules. By using this LC-TDDFT method, we
calculated the dynamical nonlinear properties of typical molecules.
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Cyanated Pentaceno[2,3-c]chalcogenophenes for the Potential
Application in Air-Stable Ambipolar Organic Thin-Film Transistors
M. Y. Kuo1*, and C. C. Liu1
1

Department of Applied Chemistry, National Chi Nan University, Puli, Nantou, Taiwan

The current study investigates the effects of conjugation length and heteroatom
substitutions on internal reorganization energy (λ
), adiabatic IP, and adiabatic EA of a
series of oligoaceno[2,3-c]chalcogenophenes using the density functional theory. The
calculated IP and EA values of cyanated pentaceno[2,3-c]chalcogenophenes indicate
that these compounds have high potential for use as air-stable ambipolar organic field+
effect transistor (OFET) materials. Their λ
and λ
values are markedly smaller than
those of well-known ambipolar air-stable DCMST and BTIFDMT, indicating they are
promising materials for use in high performance ambipolar air-stable OFETs. The
calculated results show that attaching electron-withdrawing groups on the compounds
with extended conjugation length is an effective strategy to achieve ambipolar air-stable
OFETs.
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We have reported linear-scaling electron correlation schemes based on the divideand-conquer (DC) method [1,2], which is originally proposed by Yang in the SCF
calculation [3]. In the DC method, the entire system is divided into spatially partitioned
subsystems and subsystem MOs are expanded with the AOs belonging to the subsystem
and its neighboring region called the buffer region. Although the scheme succeeded in
accurately evaluating the electron correlation energy with drastically less computational
cost, it has never been used for the geometry optimization because its energy gradient
has been unavailable. In this presentation, we will introduce the energy gradient for the
DC-MP2 method and apply it to the geometry optimization. Furthermore, we will show
the other developments in the DC-MP2 method, which we have recently made.

Energy [hartree]

Figure 1 shows the energy convergence process in the geometry optimization of
C60H62 in DC and conventional MP2 calculations. A C2H2 (or C2H3 for the edges) unit
was adopted as the central region and the adjacent left and right nb units were adopted as
the corresponding buffer region. Here, the buffer size for the preceding HF calculation
was fixed at nbHF = 6 , and that for the MP2 calculation was varied at nbcorr = 3 − 5 . As the
buffer size increases in the DC-MP2 method, the optimization process becomes closer
to the conventional MP2 calculation and
-2315.78
yields lower converged energy. We have also
assessed
the
optimized
geometrical
-2315.80
Conv. MP2
parameters and found that the errors of the
DC-MP2 (n bcorr = 3)
-2315.82
geometrical parameters diminishes as the
DC-MP2 (nbcorr = 4)
DC-MP2 (nbcorr = 5)
buffer size increases.
-2315.84
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[2] M. Kobayashi and H. Nakai, in LinearScaling Techniques in Computational
Chemistry and Physics (Springer, 2011),
pp.97–127.
[3] W. Yang and T.-S. Lee, J. Chem. Phys.
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Fig. 1. Energy convergence process in the
geometry optimization of C60H62 in DC and
conventional MP2 calculations with the 631G** basis set.
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The excited state dynamics plays an important role in the system related to the
photo-induced chemical reactions. As a theoretical method to treat the excited state
chemical reactions, the ab initio molecular dynamics (AIMD) simulation with an
excited state electronic structure theory such as CASSCF, is one of the most promising
and suitable choices to enable microscopic modelings and direct observations of
dynamical processes. However, the extremely high computational cost of ab initio
calculations limits the system sizes and/or simulation times.
For this problem, our group recently developed an acceleration method called the HLIMO method [1], which enhances SCF convergence in excited state AIMD
simulations, based on the LIMO[2] and LSMO[3] methods which accelerate ground
state AIMD simulations. In the several brief benchmark tests, H-LIMO shows a good
perfomance that reduces 40-70% of SCF iterations without any approximations.
We also applied an excited state AIMD simulation accelerated by the H-LIMO
method on the intramolecular charge transfer (ICT) reaction of 4-(N,NDimethylamino)benzonitrile (DMABN) [1]. The mechanism of ICT of DMABN
remains under debate, althogh it has been extensively investigated experimentally and
theoretically [4,5]. From our investigations, we conclude that ICT occurs in
synchronization with the elongation of the bond between the NMe2 group and the
benzene ring, which hinders the coupling between the p orbital of the NMe2 group and
the π conjugated system of the benzonitrile group. Interestingly, however, the
elongation of the bond itself does not cause ICT.
In the present study, we show a summary of the efficiency of the H-LIMO method
and its application as well as the further investigations for ICT of DMABN.
[1] M. Okoshi and H. Nakai, “Acceleration of CASSCF-MD Simulation and its
Application to Intramolecular Charge Transfer System”, 7th Congress of the
International Society for Theoretical Chamical Physics (ISTCP-VII), 4PP-33, Waseda
University, Japan, (September 2011).
[2] T. Atsumi and H. Nakai, J. Chem. Phys. 128, 094101 (2008).
[3] T. Atsumi and H. Nakai, Chem. Phys. Lett. 490, 102 (2010).
[4] J. Dreyer and A. Kummrow, J. Am. Chem. Soc. 122, 2577 (2000).
[5] J.M. Rhinehart et al., J. Phys. Chem. B 114, 14646 (2010).
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We investigate an ultrafast excited-state intramolecular proton transfer (ESIPT)
reaction and the subsequent coherent vibrational motion of 10-hydroxybenzo[h]quinoline in cyclohexane by the electronically embedded multi-configuration
Shepard interpolation method, which enables us to generate the potential energy surface
of the reaction effectively and thus carry out a direct excited-state dynamics simulation
with low computational costs [1]. The calculated time scale of the ESIPT and the
frequencies and lifetimes of coherent motions are in good agreement with the
experimental results. The present study reveals the coherent motions are caused by not
only the proton transfer itself but also the backbone displacement induced by the ESIPT.
We also discuss the effects of the solvent on the dynamics of the coherent vibrational
modes.
[1] M. Higashi and S. Saito, J. Phys. Chem. Lett., in press.
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The aqueous solution of Ni2+ ion was investigated using first principles molecular dynamics (FPMD) simulation based on periodic density-functional theory (DFT) calculations[1] as
well as using empirical polarizable forcefield molecular dynamics (MD). Statistical averages
of the magnetic properties corresponding to the triplet spin state of the ion, the hyperfine
coupling, g, and zero-field splitting tensors, as well as the resulting paramagnetic nuclear
magnetic resonance (pNMR) shielding terms were calculated using DFT from instantaneous
simulation snapshots extracted from the MD trajectories. We report comprehensive tests of
the reliability of systematically selected DFT functionals for the properties. The isotropic nuclear shielding of the 17O nuclei can be obtained with good predictive power. The accuracy
of the calculated 1H shieldings is limited by the fact that the spin-density on the proton sites
is not reproduced reliably with the tested functionals, rendering the dominant Fermi contact
isotropic shielding term less well defined. On the other hand, the dominant spin-dipole term
of the shielding anisotropy, which gives a practically vanishing isotropic contribution, can be
obtained with a good reliability for both the 1H and 17O nuclei[2]. The shielding tensors can
be thus utilized reliably in the calculation of Curie-type paramagnetic relaxation. We show
the evolution of the spherical components of the shielding tensors and discuss the implications for the calculation of the NMR relaxation in the first and second solvation shells of the
ion.
[1] Mareš, Liimatainen, Laasonen and Vaara, J. Chem. Theory Comput. 7, (2011) 2937
[2] Mareš, Liimatainen, Pennanen and Vaara, J. Chem. Theory Comput. 7, (2011) 3248
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For the d0 complex [{Zr(CpSiMe2H)Cl3}2] which contains a linear Si-H····Zr interaction across
the dimer, DFT calculations are in good agreement with X-ray structures. The BP86 functional
shows a slightly stronger interaction than B3LYP but for qualitative purposes either functional is
sufficient. QTAIM analysis shows a bond critical point (bcp) for the interaction, a small negative
value for the total energy density [H(r)] and the H atomic basin decreases in energy, E(H), and
atomic volume compared to the free ligand. NBO analysis showed E(2) for Si-H σ to Zrdz2
donation at 42.8 kcal mol-1 and a 34% spatial overlap for the interaction consistent with an
inverse hydrogen bond. The Wiberg bond index for the interaction is 0.1735 (0.7205 for the SiH bond), ν(Si-H) and 1J(Si-H) at 2060 cm-1 and 145.4 Hz compared to 2183 cm-1 and 172.1 Hz

in the free ligand. Using a ‘synthesis by computation’ approach to forming like complexes,
similar features were found for [{Hf(CpSiMe2H)Cl3}2]. The titanium complex
[{Ti(CpSiMe2H)Cl3}2] does not contain any Si-H····Ti interaction as rotation about the C-Si bond
of the ligand occurs to place the Si-H bond hydrogen closer to a terminal chloro ligand across the
dimer. An increase in electron density on the metal in the d2 complex [{Mo(CpSiMe2H)Cl3}2]
results in a stronger interaction with a distinct QTAIM analysis bcp [ρ(r) 0.0448 a.u.], a small
negative value for H(r) and a much reduced H atomic volume. NBO analysis shows E(2) for Si-H
σ to Modz2 donation at 143.1 kcal mol-1 and a 29% spatial overlap. Modz2 to Si-H σ* donation
(back donation) is minimal [E(2) 1.3 kcal mol-1, ~1% spatial overlap]. The Wiberg bond index
is 0.3114 (0.5667 for the Si-H bond), ν(Si-H) 2015 cm-1 and 1J(Si-H) 120.6 Hz.

Figure 1. Computed structure of [{Zr(CpSiMe2H)Cl3}2]

[1] G. Ciruelo, T. Cuenca, R. Gomez, P. Gomez-Sal and A. Martin, J. Chem. Soc., Dalton
Trans., 1657, (2001).
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Non-classical agostic interactions have been identified in transition metal complexes
where the central metal is either electron poor or electron rich. These interactions are
represented in the complexes by the C-H bond of the tris(hydroxyphenyl)methane ligand,
[CH(ArO)33-, (protonated form shown in fig 1). This close approach of a C-H bond hydrogen
atom was first found in the anion [{CH(ArO)3}TaCl3]- where the C-H bond approaches the
metal in a linear fashion [1]. A close linear approach of the C-H bond hydrogen is also
revealed by the X-ray crystal structure determination of [{CH(ArO)3}Ti(NEt2)] [2]. The
electron density for this molecule computed by the QTAIM method showed that a bond path
exists for the H atom and the metal and that the magnitude of the electron density, Laplacian
of the electron density at the H···Ti bond critical point as well as the energy and charge of the
H atom basin are consistent with an agostic interaction. This feature is supported by
calculated Wieberg bond indices and NBO analysis shows a significant interaction of the CHσ NBO orbital with an NBO hybrid d orbital in a unique ‘over the top’ of the hydrogen
manner. The calculated C-H coupling constant compares well with the experimental value
and an increase in the C-H stretching frequency compared with the free ligand is explained by
a cage effect. In the nickel dianion [{CH(ArO)3}Ni(OPh)]2- AIM analysis shows a distinct
bond critical point and other features characteristic of an agostic interaction. NBO analysis
indicates this agostic interaction now involves a C-Hσ NBO orbital interacting with a lowlying NBO hybrid Ti s orbital. However there is also now a back donation effect where an
occupied NBO metal hybrid d orbital donates to the NBO C-Hσ* orbital. Overall the situation
in both complexes is that of C-H bond electron density interacting in a covalent manner with a
positively charged metal centre but in the electron-rich metal case there is a back-donation
included. These interactions represent unique non-classical agostic bonding situations for
electron deficient and electron rich metals when there is a linear approach of the C-H bond
with the metal.
R

R

OH
H
R

R
HO
R

OH
R

Figure 1. R = H, Me, CMe3

[1] A. B. Chaplin, J. A. Harrison, A. J. Nielson, C. Chen and J. M. Waters, Dalton
Trans., 2004, 2643.
[2] F. Akagi, T.Matsuo and H Kawaguchi, J. Am. Chem. Soc., 2005, 127, 11936.
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We calculate permanent electric dipole moments (PDM), as well as spontaneous and
black-body lifetimes, of alkali-earth-Li (AE-Li) ultracold polar molecules to study
anisotropic long range dipole-dipole interactions in a single quantum state. We obtain
potential energy curves for the 2Σ ground state of MgLi, CaLi, SrLi and BaLi
molecules at the coupled cluster singles and doubles with partial triples (CCSD(T))
level of electron correlation. Calculated spectroscopic constants for the isotopes:
24
Mg7Li, 40Ca7Li, 88Sr7Li, and 138Ba7Li, show good agreement with available theoretical
and experimental results. We obtain PDM curves using finite field perturbation theory
at the CCSD(T) level. We find that AE-Li molecules have moderate values of PDM at
the equilibrium bond distance (MgLi: 0.860 D, CaLi: 1.099 D, SrLi: 0.311 D, BaLi: –
0.373 D) and hence might be suitable candidates for the proposed study in a single
quantum state. Radiative lifetime calculations of the v=0 state (MgLi: 22 sec, CaLi: 39
sec, SrLi: 380 sec and BaLi: 988 sec) are found to be longer than the typical time scale
associated with ultracold experiments with these molecules. The uncertainty in the
lifetime calculations are estimated to be less than 10%.
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The Chemistry of Carbon and its compounds is one of the main domain of researches since
19th century. It is safe to say that the classical concepts of chemistry like 3D molecules,
chemical bond, double bond, have been proposed from this branch. It is interesting to note that
less attention has been paid to the nonclassical chemical behavior of Carbon in large amounts of
pure carbon compounds known as Carbon clusters which is the main subject of research in
chemistry of nanotubes. The first pioneering work on the molecular orbital calculations of carbon
clusters has been reported by Pitzer and Clementi [1]. Two bonding models i.e cumullenic and
acetylenic models have been proposed to account for the bonding patterns in linear carbon
clusters while the bonding patterns in cyclic and 3D geometries have remained ambiguous.
This work presents the bonding patterns in various C4 and C5 pure clusters at
MP2/aug-cc-pVTZ level of theory. The related wave function files for each geometry were
produced at the same theoretical level. All MP2 computations were performed using PC
GAMESS7.1 firefly [2]. This latter subject is studied in the light of modern bonding theory
known as Quantum Theory of Atoms in Molecules, QTAIM. The electron density analysis was
done using the AIM2000 software [3].
In linear clusters the ethylene like chemical bonds are reported, while in cyclic and 3D
geometries the single and triple C-C bonds are found.
[1] K. S. Pitzer and E. Clementi, J. Am. Chem. Soc., 81 (1959), 4477.
[2] A. A. Granovsky, http://classic.chem.msu.su/gran/gamess/index.html; M. W. Schmidt et al,
J. Comput. Chem., 14 (1993), 1347.
[3] F. Biegler-König, J. Schönbohm and D. Bayles, J. Comp. Chem., 22 (2001), 545.
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The variation in the mobility of ions in solution as a functions of the electrolyte
properties has been studied be means of molecular dynamics simulations method with
using DL_POLY program. The present study includes results from MD simulations
study of two-component systems water-dissolved molecule (NaCl, NaBr, KCl, KBr and
KI) at T= (280-355) K. Conducted calculations allowed us to obtain information on the
structural characters of diluted water-solute molecule systems. From radial distribution
functions (RDF) the analysis of the local structure and energetic of water systems were
done. The parameters of hydrogen bonds and the size of first and second hydrations
shape ware determined. The influence of solvent molecules on water’s local structure,
the hydrogen bonds nets and energetics at T=(280-355)K ware analyzed.

146

APCTCC-5

S ESSION 24: P OSTER – P-26

New Structures of Octacarboranes dianions
Vibha Kumar1 and P. P. Thankachan2
1

2

Department of Chemistry, Govt. P. G. College, New Tehri, Uttarakhand, India.
Asstt. Prof. Department of Chemistry, Indian Institute of Tecnology Roorkee, Roorkee,
India.

Only cage structures of octacarborane have been reported in literature, some stable noncage structures for the same have been found for the first time in this work. A complete
isoelectronic dianion series of carboranes of B8H82- have been investigated, each time
a B-H unit being replaced by a bare carbon hence forming a dianion series of general
formula CnB8-nH8-n2- (n=1-8). The work has been carried out using Gaussian98 software
at Hartree-Fock and DFT levels using 6-31G basis sets both with and without
polarization functions.
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Density functional theory (DFT) with commonly used local density approximation
(LDA) or generalized gradient approximation (GGA) functionals are known to have
incorrect asymptotic potentials, and this problem has prohibited the use of most DFT to
charge-transfer problems. A popular approach to fix this problem is to use a
range-separation operator that allows GGA exchange-correlation at a short range, but
when the electrons are separated, switching to a Hatree-Fock (HF) exchange potential,
which is the long-range corrected density functional [1]. Several optimized choices for
LRC functionals with popular GGAs were also developed [2].
We have used [3,3] cyclophanes (pseudogeminal[3,3] cyclophane and
pseudoortho[3,3] cyclophane with (1,4)-dimethoxybenzene as electron donor, and
(1,4)-benzoquinone as well as (7,7,8,8)-tetracyanoquinodimethane as electron
acceptor)[3] to test for the performance of DFT and LRC-DFT in the characterization of
electron transfer (ET) coupling using the fragment charge difference FCD scheme [4].
We found that ET coupling values derived from DFT have steeper exponential decay
rate than HF couplings. When the long-range correction is employed, the exponential
decay rates become closer to that of the HF results. With both DFT and LRC-DFT,
the calculated coupling values for the [3,3]cyclophanes are similar to those inferred
from experimental spectra [3]. Our results show that at a short intermolecular distance,
it is possible to obtain reasonably good ET couplings from both DFT and LRC-DFT.
However since there is a relatively large change in the exponential decay in the
intermolecular distance, DFT and LRC-DFT should be used cautiously in the
calculation of ET coupling.
[1] (a) I. Hisayoshi et al, J. Chem. Phys., 115 (2001), 3540; (b) J. W. Song et al,
J. Chem. Phys., 126 (2007), 154105
[2] (a) M. A. Rohrdanz and J. M. Herbert, J. Chem. Phys., 129 (2008), 034107; (b) M.
A. Rohrdanz, K. M. Martins and J. M. Herbert, J. Chem. Phys., 130 (2009), 054112
[3] (a) H. A. Staab et al, Chemische Berichte, 116 (1983), 2835; (b) H. A. Staab, B.
Starker and C. Krieger, Chemische Berichte, 116 (1983), 3831; (c) R. Gleiter and H.
Hopf, Modern cyclophane chemistry, Wiley-VCH, 2004
[4] A. A. Voityuk and N. Rosch, J. Chem. Phys., 117 (2002), 5607
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In theoretical study of chemical reactions, an intrinsic reaction coordinate (IRC) has
played a significant role for understanding the reaction mechanism. Since the reaction
coordinate has no curvature coupling with the transverse normal coordinates of nontotal-symmetry, the intrinsic reaction path (IRP) starting from TS sometimes reaches the
second TS through the non-totally-symmetric VRI point. If a non-totally-symmetric
VRI appears on the IRP and the second TS is detected at the terminal, this TS connects
two symmetrically equivalent product minima with the lower symmetry. As to nontotally-symmetric VRI, there have been a lot of theoretical studies.
On the other hand, when there appears the totally-symmetric VRI point on the IRP,
the reaction pathway can bifurcate, leading to two completely different product minima.
For the electron-transfer reactions, XCHO- + CH3Cl → CH3CXO + Cl- (X = H, CH3),
it was shown that IRC starting from the transition state (named as ET-TS) lead to
different product minima, SUB(C) and CET, by using non-mass-weighted internal
coordinates and mass-weighted Cartesian coordinates, respectively [1]. Ab initio
molecular dynamics simulations were also performed to discuss the branching ratio of
the products [2]. From the viewpoint of bifurcating reactions, it is very interesting that
two different sets of products could be generated.
To clarify the mechanism of bifurcation, we performed geometry optimizations of
stationary points and IRC calculations for the two reactions (X = H, CH3) at the
MP2/6-31+G(d) level. We also applied a projection technique to obtain vibrational
frequencies, the Mulliken net charge and spin population of each atom, as well as the
energy of the first-excited state, along the IRP.
The IRC calculation starting from ET-TS leads to SUB(C) at the MP2/6-31+G(d)
level. It is shown that the VRI point at the HF level [1] disappears in the first reaction
(X = H) at the MP2 level, while in the second reaction (X = CH3), the IRP has the
totally-symmetric VRI point leading to two different product minima [3].
In the first reaction (X = H), we also found that the reaction pathway branches into
three different product minima. This feature of the reaction pathway is named as
“trifurcation”. The details will be discussed during the session.
[1] S. Shaik et al., J. Am. Chem. Soc., 119, 9237 (1997).
[2] H. Yamataka et al., J. Phys. Org. Chem., 16, 475 (2003).
[3] Y. Harabuchi and T. Taketsugu, Theo. Chem. Acc., in press (2011).
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The electronic coupling of an electron transfer (ET) process is a useful quantity in determining the ET rates. The Fragment Charge Difference (FCD)[1] scheme has been an
useful approach to calculate ET coupling from an excited state calculation. FCD assumes
that only two electronic states are involved in the ET of interest, which works well for many
systems, but it is not always possible to employ the two-state approximation [2]. In this
work, we have developed a general multi-state approach for FCD without the need to manual
picking and assigning the states, and tested for the performance. We investigated how the
multistate effect affects the electronic coupling value and investigated the ET coupling in the
following (a) an ethylene and a methaminium cation, CH2 −NH+2 (b) 9-(aminophenyl)-10methylacridinium (Apac) and 9-(aminobiphenyl)-10-methylacridinium (Abpac) ions[3] (c)
(Dimethylamino)benzonitrile(DMABN), theoretically studied with a 3 or 4-state approach
[2], (d) a series of cyclophane derivative[4, 5] in which the optical ET absorption band has
been observed and an experimental ET coupling can be derived. Our results are mostly consistent with the computational [2] or experimental values in the literature. We further tested
for the effects of Mulliken and Becke partition[6] in the calculation of ET couplings. The
ET coupling can be obtained with better convergence using the Becke partition, as compared
to those with Mulliken partition. Our results indicates that the multi-state FCD scheme is an
useful approach to characterizing ET coupling, especially for systems with a large degree of
state-mixing in the eigen states.
[1] A. A. Voityuk, and N. Rösch J. Chem. Phys., 117 (2002), 5607
[2] M. Rust, J. Lappe, and R. J. Cave J. Phys. Chem. A., 106 (2002), 3930
[3] G. II Jones, M. S. Farahat, S. R. Greenﬁeld, D. J. Gostzola, and M. R. Wasielewski Chem.
Phys. Lett., 229 (1994), 40
[4] H. A. Staab, R. Hinz, G. H. Knaus, C. Krieger Chemische Berichte, 116 (1983), 2835
[5] H. A. Staab, B. Starker, C. Krieger Chemische Berichte, 116 (1983), 3831
[6] A. D. Becke J. Chem. Phys., 88 (1988), 2547
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Raman Centre for Atomic, Molecular and Optical Sciences,
Indian Association for the Cultivation of Science, Kolkata, India
2

If an electron has an intrinsic electric dipole moment (EDM), (in other words, if the shape of an
electron is not spherical but pear-like) then parity and time-reverse symmetries must be violated. The
standard model of particle physics predicts an extremely small value of the electron EDM (de); i.e.
10-38 [e cm]. In contrast, some extensions of the standard model predict de to be about ten to twelve
order of magnitues larger, which could be within the reach of current atomic and molecular
experiments. Since each model predicts a different value for de, experimental searches of de are
important to verify the accuracy of the non-standard models.
Atomic systems were previously the main target for the search of de. However, molecular
systems now attract more attention because the sensitivity of measurements on them is much greater
than the former. The most accurate measurement of the upper limit of de was recently reported as 1027
[e cm] using YbF molecule [1].
If we assume that an electron has an EDM as de, the perturbation Hamiltonian for a molecule
associated with the multi-electronic Dirac Hamiltonian is
N elec
~
H EDM = −d e ∑ βσ i ⋅ Eint
i

,	
  	
  

where Eint is internal electric field of a molecule, β is one of the Dirac matrices, and σ are
Pauli’s spin matrices. The Hamiltonian is constructed in the Dirac’s relativistic framework to be
covariant with the Lorenz transformation [2]. The quantity that is experimentally measured is related
to the first order energy shift of the perturbation such as, for

~
Ψ H EDM Ψ = d e Ψ

Nelec

∑ βσ

i

⋅ Eint Ψ = d eW .	
  	
  	
  	
  	
  	
  	
  	
  

i

Hence what is measured is not de, but the enhanced value, d eW . It is noteworthy that W is only
obtained from quantum chemical calculations. The combined results of such a calculation and
experiment will yield a value for de.
In the present work, we estimate the factor W for several molecules (YbF, BaF, HgF, PbF,
YbSr+, YbBa+, YbRb, and YbCs) using the Dirac-Coulomb Hartree-Fock (DCHF) method and
compare with those numbers obtained by Meyer in the quasi-relativistic framework[3,4].

References: [1] J. J. Hudson et al. Nature, 473 (2011), 495. [2] P. G. H. Sandars, J. Phys. B, 1,
(1968), 511. [3] E. R. Meyer and J. L. Bohn, Phys. Rev. A, 78, (2008) 010502(R). [4] E. R. Meyer
and J. L. Bohn, Phys. Rev. A, 80, (2009) 042508.
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A Fourth-Order Ab Initio Equation Of State for Argon – Revisited
J. Wiebke, P. Schwerdtfeger, and E. Pahl
Centre of Theoretical Chemistry and Physics, The New Zealand Institute for Advanced
Study, Massey University Albany, Private Bag 102904, Auckland 0745, New Zealand

We present a re-parametrization of our recent fourth-order virial equation of state for Argon
[1]. This re-parametrization has been obtained from highly accurate ab initio two-body and
non-additive three-body potentials [2, 3] as well as a quadruple-dipole (Drude model) approximation to the non-additive four-body potential [4]. Also, using a simple and efficient
internal-coordinate sampling Monte Carlo method [5] allows evaluation of second- to fourthorder Ursell–Mayer cluster integrals to much higher precision than previously reported [1].
Up to close to the critical point, our virial EOS reproduces experimental EOS data of
Gilgen et al. [6] within ˙1:7 % and significantly better for larger volumes (i.e. less than
˙0:5 % or ˙0:025 MPa for VN  200 cm3 mol 1 ). The critical point is predicted to 4:32 MPa,
98:32 cm3 mol 1 , and 146:95 K, which compares less favorable to experimental reference
data (4:863 ˙ 0:003 MPa, 74:58 ˙ 0:14 cm3 mol 1 , 150:687 ˙ 0:015 K) than our previous
parametrization. First comparative computations with different two- and three-body potentials [1, 7] indicate that discrepancies of our ab initio and experimental EOS data are to be
attributed to the truncation at fourth-order; the four-body contribution to the fourth-order term
is not significant.
[1] J. Wiebke, G. E. Moyano, P. Schwerdtfeger, and E. Pahl, Chem. Phys. Lett., 514 (2011),
164.
[2] B. Jäger, R. Hellmann, E. Bich, and E. Vogel, Mol. Phys., 107 (2009), 2181.
[3] P. Schwerdtfeger, B. Assadollazadeh, and A. Herrmann, Phys. Rev. B, 82 (2010), 205111.
[4] W. L. Bade, J. Chem. Phys., 27 (1957), 1280; J. Chem. Phys., 28 (1958), 282.
[5] J. Wiebke, manuscript in preparation.
[6] R. Gilgen, R. Kleinrahm, and W. Wagner, J. Chem. Thermodyn., 26 (1994), 383; J. Chem.
Thermodyn., 26 (1994), 399;
[7] J. Wiebke, P. Schwerdtfeger, and E. Pahl, manuscript in preparation.
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A Linear-Scaling Parallel Finite-Element DFT
James Avery1 , Kurt Stokbro2 , Kristen Kaasbjerg3 , and Stig Skelboe4
CTCP/NZIAS, Massey University, Auckland, New Zealand
2
QuantumWise A/S, Copenhagen, Denmark
3
Institute of Physics, Technical University of Denmark, Lyngby, Denmark
4
Niels Bohr Institute, University of Copenhagen, Denmark
1

Performing realistic calculations for the properties of nano-scale devices pushes at the
limits of what we can currently do with quantum chemical methods. Treatment of molecules
and structures with hundreds to thousands of electrons interacting with a complex environment puts strict demands on the efficiency and scalability of computational methods.
This work presents a real-space DFT-method that scales linearly with the number of electrons. This scheme uses the finite element method to deal with quantum mechanically treated
molecules and crystals interacting with a large classically treated electrostatic environment.
The method is applied to a single-electron transistor (SET) that uses an organic molecule
for electron transport. Electronic properties for the SET-system have been calculated for a
number of different molecular carriers, focusing on the OPV5 molecule.
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