
Preface

The vigour and maturity of the field of atomic clusters is well represented by the contributions
to ISSPIC14. This book contains the abstracts of the contributions to this Conference: plenary
talks, invited talks, selected oral contributions (hot topics) and poster contributions. All the talks
(plenary, invited and hot topics) are arranged chronologically according to the Program. The
poster contributions have been classified into different topics, listed below. Topics A-01 to A-
07 belong to Poster Session A, and topics B-01 to B-08 to Poster Session B. A code has been
assigned to each poster abstract (for example, Poster B-03-10 is the tenth poster within topic B-
03). Within each topic, the posters have been ordered according to the surname of the presenting
author. An author index is provided at the end of the Book. We acknowledge support from Junta
de Castilla y León for the edition of this Abstracts Book.

A-01. Structure and thermodynamics of free clusters

A-02. Fullerenes, nanotubes and nanowires

A-03. Clusters in external fields

A-04. Molecular electronics and transport

A-05. Electronic structure and quantum effects in low dimensional systems

A-06. Nanomagnetism

A-07. Nanocrystals and self-assembly

B-01. Experimental production of clusters
B-02. Helium clusters and spectroscopy
B-03. Clusters on surfaces
B-04. Nanoparticles in biology and medicine
B-05. Cluster reactivity and catalysis
B-06. Spectroscopy and dynamics with short laser pulses
B-07. Optical properties
B-08. Technological applications
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Monday, Sep. 15th Plenary 1 U. Landman

 
 
 
 

Structure, Dimensionality and Properties of Supported, 
Suspended and Interfacial Clusters 

 
Uzi Landman 

School of Physics, Georgia Institute of Technology  
Atlanta, GA 30332-0430, USA 

 
Gaining insights into the nature of physical and chemical systems of highly reduced sizes, 
and developing experimental and theoretical methodologies aimed at probing, manipulating 
and controlling them on the atomic and molecular level, are among the major challenges of 
current basic interdisciplinary research. Emergent physical and chemical phenomena at the 
nanoscale regime and the use of atomistic simulations as tools of discovery in this area [1] 
will be discussed and demonstrated through studies focusing on systems involving: (i) 
surface-supported nanoclusters, (ii) suspended clusters (in the form of interfacial 
nanowires), and (iii) quantum electron and boson clusters in 2D dots and cold-atom traps.  

(i) Nanocatalysis by small gold clusters [2(a-c)]; Structure, dimensionality and 
chemical reactivity of surface-supported gold clusters; Control of the physical and chemical 
properties of supported clusters through the selection of support thickness [2(d, e)] and via 
the use of external electric fields [2(f)]. 

(ii) Nanowire formation mechanisms; Structural (atomic and electronic) properties, 
Mechanical response; Shuttling wire-suspended nanoclusters; Quantized electric 
conductance; Metal-insulator transition and local magnetic moments in oxygenated gold 
nanowires [1, 3 ]. 

(iii) Symmetry breaking phenomena resulting in formation of electron Wigner 
crystallites and rotating electron molecules in 2D quantum dots, and in the appearance of 
crystalline arrangements and rotating vortex clusters in atomic traps [4].     

 
[1] U. Landman, Proc. Nat. Acad. Sci. (USA) 102, 6671 (2005). 
[2] (a) U. Heiz and U. Landman, “Nanocatalysis” (Springer, New York, 2006); (b) U. 
Landman et. al.,“Factors in gold nanocatalysis: oxidation of CO  in the  non-scalable size 
regime”, Topics in Catalysis 44, 145 (2007) ;  (c) A. Sanchez et al., J. Phys. Chem. A 
103, 9573 (1999); (d) D. Ricci et. al.  Phys. Rev. Lett. 97, 36106 (2006); (e) C. Zhang, B. 
Yoon, and U. Landman, J. Am. Chem. Soc. 129, 2229 (2007); (f) B. Yoon and U. 
Landman, Phys. Rev. Lett.,  100, 056102 (2008). 
[3] U. Landman et al Science 248, 454 (1990); A. Marchenkov et. al., Phys. Rev. Lett. 
98, 046802 (2007); Nature Nanotech. 2, 481 (2007); C. Zhang et.al. Phys. Rev. Lett., 
100, 046801 (2008). 
[4] C. Yannouleas and U. Landman, Rep. Prog. Phys. 70, 2067 (2007). 
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Monday, Sep. 15th Invited 1 D. J. Wales

Energy Landscapes of Clusters: From Atoms to Amyloid

David J. Wales

University Chemical Laboratories, Lensfield Road, Cambridge, UK

dw34@cam.ac.uk

Coarse-graining the potential energy surface into the basins of attraction of local minima pro-
vides a computational framework for investigating structure, dynamics and thermodynamics in
molecular science [1, 2]. Basin-hopping global optimisation employs steps between local min-
ima [3, 4], and predicts novel ‘magic number’ structures for clusters in the mesoscopic regime,
including links and knots [5]. To treat global dynamics we must include transition states of
the potential energy surface, which link local minima via steepest-descent paths. We may then
apply the discrete path sampling method [6, 7], which provides access to rate constants for rare
events. In large systems the paths between minima with unrelated structures may involve hun-
dreds of stationary points of the potential energy surface. New algorithms have been developed
for both geometry optimisation and making connections between distant local minima [8, 9],
which allow us to treat such systems. Applications will be presented for a variety of atomic
and molecular clusters. Recent results for the aggregation of misfolded peptides illustrate how
experimental time and length scales can now be addressed for such systems [10, 11].

References

[1] D. J. Wales, Energy Landscapes, Cambridge University Press, Cambridge (2003).

[2] T. V. Bogdan, D. J. Wales and F. Calvo, J. Chem. Phys.124, 044102 (2006).

[3] D. J. Wales and J. P. K. Doye, J. Phys. Chem. A101, 5111 (1997).

[4] D. J. Wales and H. A. Scheraga, Science285, 1368 (1999).

[5] M. A. Miller and D. J. Wales, J. Phys. Chem. B109, 23109 (2005).

[6] D. J. Wales, Mol. Phys.100, 3285 (2002).

[7] D. J. Wales, Mol. Phys.102, 891 (2004).

[8] Y. Kumeda, L. J. Munro and D. J. Wales, Chem. Phys. Lett.341, 185 (2001).

[9] J. M. Carr, S. A. Trygubenko and D. J. Wales, J. Chem. Phys.122, 234903 (2005).

[10] B. Strodel, C. S. Whittleston and D. J. Wales, J. Amer. Chem. Soc.129, 16005 (2007).

[11] B. Strodel and D. J. Wales, J. Chem. Theor. Comput.4, 657 (2008).
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Monday, Sep. 15th Invited 2 C. Barth

Imaging nanoclusters with the Noncontact AFM and Kelvin 
microscope: Cluster structure and chemistry at the nm scale 

 
Clemens Barth 

 
CINAM-CNRS, Campus de Luminy, Case 913, 13288 Marseille Cedex 09, France 

barth@cinam.univ-mrs.fr 
www.cinam.univ-mrs.fr/barth/default.htm 

 
 
In the last 10 years, Noncontact Atomic Force Microscopy (NC-AFM) has successfully 
proven that true atomic resolution can be gained on any clean and almost atomically flat 
surface of even bulk insulators [1]. However, emerging fields in surface science and 
nanotechnology like nanocatalysis [2] ask now for an application of this type of force 
microscope, which leads to new challenges in NC-AFM.  
One challenge is the imaging of nanometer-sized metal cluster with highest possible 
resolution, which permits a precise characterization of the lateral cluster shape. Another 
challenge is to extend the microscope in such a way that it gets “chemically” sensitive or, at 
least, sensitive on more specific force channels of e.g. electrostatic nature. Measuring the 
local work function of a cluster-surface system at the nanometer scale would be of a high 
interest in many fields of surface science. 
In this contribution it will be discussed to which degree NC-AFM can master these two 
challenges. In the first part of the contribution, the constant height mode in NC-AFM is 
presented, which is a suitable technique to image the lateral shape of metal nanocluster with 
high precision [3]. A comparison between experiment and theory explains that only the last 
nanometer of the tip images the correct shape of the cluster reducing to a large part the tip-
surface convolution effect. In the second part it will be shown that the Kelvin modulation 
technique can be implemented in NC-AFM in such a way that, alongside the topography, also 
the work function of supported metal nanoclusters can be imaged at nanometer scale [4]. 
Possible electronic modifications of single clusters by the substrate but also changes of the 
cluster work function in the presence of adsorbed gaseous species will be discussed.  
 
 
[1] S. Morita, R. Wiesendanger and E. Meyer, Noncontact Atomic Force Microscopy, 

2002 (Springer, Berlin) 
[2] U. Heiz and U. Landman, Nanocatalysis (Springer-Verlag, Berlin Heidelberg, 2007) 
[3]  C. Barth, O. Pakarinen, A. S. Foster and C. R. Henry, Nanotechnology 17 (2006) S128 
 C. Barth, O. Pakarinen, A. S. Foster and C. R. Henry, J. Appl. Phys. 103 (2008) 054313 
[4]  C. Barth and C. R. Henry, Appl. Phys. Lett., 89 (2006) 252119 
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Monday, Sep. 15th Invited 3 T. Tsukuda

Ligand-Protected Gold Clusters – Synthesis, Structures, and Stabilities 
 

Tatsuya Tsukuda 
Catalysis Research Center, Hokkaido University, Japan, and CREST, Japan Science and Technology Agency. 

tsukuda@cat.hokudai.ac.jp 
 

Free gold clusters have been prototypical systems for the study of structures, stabilities 
and physicochemical properties of metal clusters.  For fabrication of cluster-based materials 
with desired properties, it is essential to understand the effect of protecting ligands on the 
structures and stabilities of gold clusters.  We have developed an experimental method to 
synthesize a family of ligand-protected gold clusters with well-defined compositions.  
Crucial step for our precision synthesis is to fractionate as-prepared, polydisperse gold 
clusters by size using polyacrylamide gel electrophoresis, size exclusion chromatography, or 
solvent extraction.  Charge states and molecular formulas of the fractionated clusters were 
determined by electrospray-ionization mass spectrometry.  In the present contribution, we 
discuss the structures and stabilities of the gold clusters protected by phosphines and thiolates. 
Bidentate phosphine ligand:  

It is known that gold clusters protected by monodentate phosphines such as 
Au55(PPh3)12Cl6 are not so stable because of weak Au-PR3 interaction [1].  By using a 
bidentate phosphine ligand, BINAP, we obtained a stable compound [Au11(BINAP)4Cl2]+ [2].  
The formal charge of the Au11 core is 3+, so that the preferential formation is due to high 
stability associated with electronic shell closing.   
Thiolate ligands:  

Because of a strong Au-SR bonding, as-prepared samples of Aun(SR)m usually 
contained metastable clusters kinetically stabilized in addition to thermodynamically stable 
clusters [3-5].  By depopulating these metastable clusters by chemical etching, we could 
isolate Au25(SR)18 [6-9], Au38(SR)24 [5,10], Au144(SR)59 [10] as stable compounds.  Charge 
states of these clusters were not fixed but could be altered in the range of -1 to +3 dependent 
on the conditions of preparation and storage [9,10].  Moreover, these Aun(SR)m clusters 
show reversible redox behavior in contrast to [Au11(PPh3)8Cl2]+.  These results suggest that 
geometrical factors play more important role in determining the stability of Aun(SR)m.  
Possible geometric structures are proposed for Au38(SR)24 and 
Au144(SR)59 in which highly-symmetrical Au cores are fully 
protected by [-SR-Au-SR-] and/or [-SR-Au-SR-Au-SR-] 
oligomers, based on the structures of the relevant systems 
[Au25(SC2H4Ph)18]–1 [11-13] and Au102(SC6H4COOH)44 [14]. 
Mixed ligands: [15] 
 Chemical reaction between [Au11(PPh3)8Cl2]+ and CnSH 
(n=2-18) serendipitously yielded a stable compound 
[Au25(PPh3)10(SCn)5Cl2]2+.  Single crystal XRD analysis 
revealed that Au25 core forms a cluster-of-cluster structure; two 
icosahedral Au13 cores are bridged by thiolates sharing a vertex 
atom (see Figure).   
  
[1] Schmid, G. et al., Chem. Ber. 1981, 114, 3634. [2] J. Phys Chem. B 2006, 110, 11611. [3] J. Am. Chem. Soc. 
2006, 128, 6036. [4] J. Phys. Chem. B 2006, 110, 12218. [5] J. Phys Chem. C 2007, 111, 4153. [6] J. Am. Chem. 
Soc. 2005, 127, 5261. [7] J. Am. Chem. Soc. 2005, 127, 13464. [8] Small 2007, 3, 835. [9] J. Am. Chem. Soc. 
2007, 129, 11322. [10] J. Am. Chem. Soc. in press. [11] Heaven, M. W. et al., J. Am. Chem. Soc. 2008, 130, 
3754. [12] Akola, J. et al., J. Am. Chem. Soc. 2008, 130, 3756. [13] Zhu, M. et al., J. Am. Chem. Soc. 2008, 130, 
5883. [14] Jadzinsky, P. D. et al., Science 2007, 318, 430. [15] J. Phys Chem. C 2007, 111, 7845. 

 
Figure. Ortep drawing of 
[Au25(SC2)5(PPh3)10Cl2]2+ 
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Monday, Sep. 15th Invited 4 S. Vajda

Partial oxidation reactions on size-selected clusters:  
Towards the understanding of the size/shape & function relationship in catalysis 

 
S. Vajda1,2, L. A. Curtiss1,2,3,  S. Lee1, B. Lee4, Y. Lei1,5 , J. W. Elam5, J. P. Greeley2,  

C. L. Marshall1, S. Mucherie1, M. J. Pellin7, P. C. Redfern3, M. G. Sternberg2, S. Seifert4,  
R. E. Winans4, P. Zapol1,2,3, I. Barke7, A. Kleibert7, K. Sell7, V. von Oeynhausen7,  

K.-H. Meiwes-Broer7, A. Fraile-Rodriguez8, D. Teschner9, R. Schlögl9, R. J. Meyer6,  
J. Alonso10, M. Lopez10, L. Molina10 

 
1Chemical Sciences and Engineering, 2Center for Nanoscale Materials, 3Materials Science, 

 4X-ray Science, and 5Energy Systems Division, Argonne National Laboratory, USA 
6Chemical Engineering Department, The University of Illinois at Chicago, USA  

7Institut für Physik, Universität Rostock, Germany 
8Swiss Light Source, Paul-Scherrer Institut, Switzerland 

9Abteilung Anorganische Chemie, Fritz-Haber-Institut der Max-Planck-Gesellschaft,  
Berlin, Germany 

10Departamento de Física Teórica, Universidad de Valladolid, Spain 
 

vajda@anl.gov 
 

This paper focuses on the catalytic properties of size-selected clusters supported on 
technologically relevant oxide films with the goal to understand the effect of size and 
composition in complex reactions of high industrial relevance. In particular, partial oxidation 
reactions of alkanes and alkenes on supported size-selected atomic clusters and up to 20 nm 
particles are investigated, to our knowledge for the first time, under realistic reaction 
conditions (at atmospheric pressure and elevated temperatures). The size and shape of the 
nanocatalysts at work is monitored in situ by synchrotron X-ray scattering. The simultaneous 
detection of reaction products allows to elucidate the correlation between the size&shape and 
catalytic properties. High-resolution SEM was employed to image the supported clusters 
before and after the catalytic test; XPS to detect the catalytically relevant states. 
Synthesis. The applied synthesis techniques allow for the ultimate control of both: surface 
composition, as well as cluster size and composition – prerequisites for producing highly 
uniform active sites on technologically relevant supports for basic catalysis studies. The 
atomic and several nm size clusters were produced in a laser ablation cluster source and 
ACIS source, respectively and deposited on thin amorphous alumina films prepared by 
atomic layer deposition technique on flat as well as nanoporous supports.  
Reactions studied. Epoxidation of propene (C=C bond activation). The direct oxidation of 
propene to propylene oxide was studied on size-selected Ag nanoparticles as well as atomic 
Ag and Au clusters. Pronounced size-dependent reactivity was observed on Ag clusters; the 
performance of the atomic Au clusters was strongly dependent on additives to the gas 
mixture. XPS studies found metallic silver; there was no indication of any subsurface 
chemistry and no surface silver oxide formation. Gold is found metallic (Au0) under reaction 
conditions as well. Theoretical modeling performed on atomic Au and Ag clusters reveals the 
details of the catalytic steps taking place at the interface of the clusters with the support. 
Dehydrogenation of propane (C-H bond activation). It was found that Pt clusters stabilized 
on high surface area nanoporous supports were highly active in the oxidative 
dehydrogenation of propane. The subnanometer clusters were by up to two orders of 
magnitude more active than previously reported platinum and vanadia catalysts, while at the 
same time maintaining high selectivity towards the formation of propylene. The results of 
theoretical calculations show that the extraordinary activity and selectivity of the 
subnanometer clusters is determined by the under-coordination of the Pt atoms. 
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Monday, Sep. 15th Hot Topics 1 J. Pénuélas

Non-equilibrium CoPt nanoparticles structural transitions or how the temperature assistance 
lead to tunable structures 

 
J. Penuelas1, P. Andreazza1, C. Andreazza-Vignolle1, C. Mottet2, H. C. N. Tolentino3, M. De Santis3 

1 Centre de Recherches sur la Matière Divisée, UMR 6619, CNRS & Université d’Orléans, 1b, rue de 
la férollerie, 45071 Orléans Cedex 2, France 

2 CINaM, CNRS, Campus de Luminy, 13288 Marseille cedex 9, France 

3 Institut Néel, CNRS, 25, avenue des Martyrs – BP 166, 38042 Grenoble cedex 9, France 

penuelas@cnrs-orleans.fr 
 
 

Co- and Fe-based magnetic nanoparticles (NPs) have attracted a lot of interest because of their 
applications in ultrahigh density recording media. In particular, FePt and CoPt NPs are especially 
promising due to the combination of size reduction and alloying effects, which induce large magnetic 
moment and high magnetic anisotropy [1]. 

In order to achieve suitable magnetic performances, at this nano-scale, subsequent thermal 
treatment, during or after the bimetallic NPs growth, is often required. This temperature assistance can 
lead to morphological changes or important chemical rearrangements in the NPs. Moreover, in case of 
supported NPs, this thermal treatment can modify the NPs size and dispersion on the substrate surface 
[2]. The present understanding of fundamental mechanisms, such as driving force for yielding specific 
NPs structures or morphologies, as well as structure-property correlations, has been hindered by the 
lack of knowledge of the precise atomic arrangement, especially in the case of few nanometers-size 
NPs. The challenge is to distinguish during the internal atom rearrangement induced by thermal 
treatments, between the atom-by-atom mobility and the large motion of atoms induced by the 
coalescence. Indeed, the coalescence between nanoparticles induces extended defects formation like 
high angle boundaries, which can act as nucleation center for fast structural transitions, like chemical 
ordering. 

Supported CoPt NPs were studied in the 1-4nm size range by in situ and in real-time X-ray 
scattering measurements during their co-deposition growth and their annealing. These investigations 
were performed in UHV conditions at the European Synchrotron Radiation Facility (ESRF) on the 
BM32 SUV beamline. Grazing Incidence Small Angle X-ray Scattering (GISAXS) provides size, 
shape and correlation distance between NPs, while X-ray diffraction (GIXD) allows structure 
identification. In addition, Monte Carlo simulations of relaxed CoPt cluster structures (ordered or 
disordered truncated octahedral, decahedral and icosahedral) were performed using a semi-empirical 
tight-binding potential [3], to interpret diffraction experimental results. 

Our results show that the evolution of the cluster structure is size-dependant or coalescence-
dependant [4]. Dynamical coalescence events in the early stage (<300 atoms) of the growth at 500°C 
are the main responsibles for the fcc NPs formation, while at room temperature, atom-by-atom growth 
conditions produce the non-equilibrium icosahedral Ih morphology almost exclusively. On the other 
hand, annealing (400-500°C) leads to the formation of decahedral rather than fcc morphology resulting 
of the quasi-static coalescence of Ih particles (>300 atoms). Further annealing at 600°C yields partially 
chemical ordered nanoparticles, by atom-by-atom internal rearrangements. 

This opens a new understanding of the coalescence effect versus size effect on bimetallic particle 
structure transition with the temperature, in a 1-4nm size range. 
 
[1] S. Sun, C.B Murray, D. Weller, L. Folks, A. Moser, Science 287, 1989 (2000) 
[2] J. Penuelas, C. Andreazza-Vignolle, P. Andreazza et al, Surf. Sci. 602, 545 (2008). 
[3] G. Rossi, R. Ferrando, C. Mottet, Faraday Discuss, 138 193 (2008) 
[4] J. Penuelas, P. Andreazza, C. Andreazza-Vignolle, H. C. N. Tolentino, M. De Santis, C. Mottet, 

Phys. Rev. Lett. 100, 115502 (2008)  
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Monday, Sep. 15th Hot Topics 2 G. M. Pastor

 
Tuning the magnetic moments and anisotropy energy of CoRh nanoparticles 

 
M. Muñoz-Navia,1 J. Dorantes-Dávila,1 D. Zitoun,2

 C. Amiens,2  

N. Jaouen,3 A. Rogalev,3  M. Respaud,4 and G. M. Pastor5 
 

1Instituto de Física, Universidad Autónoma de San Luis Potosí, Mexico 
2Laboratoire de Chimie de Coordination, CNRS, 31077 Toulouse, France  

3European Synchrotron Radiation Facility, 38043 Grenoble, France 
4LPCNO, INSA, 135 avenue de Rangueil, 31077 Toulouse, France 

5Institut für Theoretische Physik, Universität Kassel, 34132 Kassel, Germany  
 
While the magnetism of monometallic transition-metal (TM) clusters has been largely 
investigated in past years, very little is known at present about the behavior of binary-metal 
particles or magnetic nanoalloys. Is it possible to tune the magnetic properties of clusters, in 
particular the MAE, by alloying as it has been done in the bulk? Can one microscopically 
design very hard or very soft nanomaterials in a controlled way? What is the role played by 
the spatial distribution of the chemical species within the particle on the magnetic behavior? 
 
In order to investigate this problem we have determined experimentally and theoretically the 
spin moments, orbital moments and magnetic anisotropy energy (MAE) of CoxRh1-x alloy 
nanoparticles (NPs) as a function of size, structure and composition. The NPs are synthesized 
by chemical decomposition of organometallic precursors under hydrogen atmosphere and in 
the presence of a polymer matrix. The magnetic properties are determined using SQUID, 
Mössbauer spectroscopy, and X-ray magnetic circular dichroism (XMCD). Self-consistent 
calculations are performed in the framework of a realistic spd-band tight-binding Hamiltonian 
by treating the redistributions of the spin- and orbital-polarized density, as well as the spin-
orbit (SO) interactions, on the same electronic level and from a local perspective.  
 
Enhanced values of the average magnetic moment per CoRh unit and of the MAE are 
observed in alloy NPs, which indicate a significant induced polarization on the Rh atoms. 
These results are well reproduced by theory and were also confirmed by independent XMCD 
measurements of the spin and orbital Rh moments. A local theoretical analysis shows that the 
moments at the CoRh interface are largely responsible for the increase of the average 
magnetization and MAE. Comparison between theory and experiment suggests that the most 
likely chemical arrangement is a Rh core covered by a Co shell, with a moderate degree 
mixing at the interface. Experiment also shows a remarkable non-monotonous dependence of 
the MAE on Co concentration x with an optimum Rh content that increases with decreasing 
size. This novel behavior is theoretically explained as the result of the geometrical and 
chemical environment dependence of the induced Rh moments and the associated 
enhancement of SO interactions.  The 4d magnetic moments predicted by theory are 
confirmed by XMCD experiments at the Rh edge. These results not only demonstrate the 
optimization of the blocking temperature and the dominant role played by 4d magnetism in 
3d-4d nanoalloys, but they also provide new physical insight on the subtle microscopic 
mechanisms responsible for the MAE of these systems, that should be very useful as a guide 
to microscopic material design. Controlling the concentration profile in nanoalloys, for 
example, by manipulating the kinetics of the synthesis process, opens therefore a variety of 
new routes in nanomagnetism. 
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Monday, Sep. 15th Hot Topics 3 G. H. Wang

Strong magetoelectric effect in the Tb-Pb cluster-based thin-film 

heterostructures 
 

S. F. Zhao, J. G. Wan, M. Han, G. H. Wang* 

 
National Laboratory of Solid-State Microstructures 

Nanjing University, Nanjing 210093, China 
 

 
Magneto-electric films have drawn a continual attention due to the potential 
application in the microelectro-mechanical devices (MEMS). We have developed low 
energy beam deposition (LECBD) to prepare the nanostructured thin-films and then 
fabricate the well-defined multi-layered heterostructures which consist of R-Fe alloy 
and ferroelectric oxides. Such nanostructured Tb-Fe film possesses higher 
magnetostriction than the common Tb-Fe films prepared by other methods, for 
instance, its magneto-striction reaches ~1060x10-6 at Hbias = 7.8 kOe, because of the 
large magnetic anisotropy in the film. Moreover, in the whole LECBD process, the 
phase formation of Tb-Fe nanoclusters is achieved in the condensation chamber with 
high temperature, while the depostion of Tb-Fe nanocluster beam ont the substrate is 
performed in the following high vacuum chamber with low energy and low 
temperature. These two steps are independent of each other. Therefore, even if the 
substrate is ferroelectric oxide, the degree of the interfacial reaction or diffusion 
between Tb-Fe alloy and ferroelectric oxide would be greatly suppressed. [1,2] We have 
further prepared Tb-Fe/PZT bilayer thin-film heterostructure with clear interface and 
strong magnetoelectric coupling, i. e., the induced voltage increment ∣ΔVME│= 
14μV at Hbias = 5.5kOe, in this case the maximum increment of the magnetio electric 
voltage coefficient is ~ 140 mV/cm Oe, larger than that of the reported all oxide 
ferroelectric – ferromagnetic composite films.[3,4] The experiments demonstrate that 
this kind of cluster-based heterostructure not only exhibits good ferroelctric and 
ferromagnetic properties but also the strong magnetoelectric effect, and may opens an 
ideal avenue to manufacture the magnetoelectric composite films, applicable to 
MEMS devices in future. 
 

 

[1] S. F. Zhao, et al., Appl. Phys. Lett. 92, 012920(2008) 
[2] S. F. Zhao, et al., Nanotechnology, 18, 265705(2007) 
[3] Y. G. Ma, et al., Appl. Phys. Lett. 90,152911(2006) 
[4] J. P. Zhou, et al., Appl. Phys. Lett. 85, 2035(2004) 
 

*To whom the correspondance is addressed.e 
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Monday, Sep. 15th Hot Topics 4 H. Häkkinen

Ligand-protected gold cluster superatoms 
 

Hannu Häkkinena,b 

 
Departments of Physics and Chemistry, Nanoscience Center 

University of Jyväskylä, Finland 
 

hannu.hakkinen@phys.jyu.fi 
 
 
Synthesis, characterization, and functionalization of self-assembled, ligand-stabilized gold 
nanoparticles are long-standing issues in the chemistry of nanomaterials. Factors driving the 
thermodynamic stability of well-documented, discrete sizes and compositions have been 
largely unknown. The recent breakthrough in total-structure-determination of an all-thiolate-
protected Au102 cluster [1] triggered renewed interest in this field. 
 
Herein, we provide a unified view of principles that underlie the stability of particles 
protected by thiolate (SR) or a combination of phosphine and halide (PR3, X) ligands [2,3]. 
The picture has emerged from analysis of large-scale density functional theory calculations of 
structurally characterized compounds, namely Au102(SR)44 , Au25(SR)18

(-), Au39(PR3)14X6
(-), 

Au11(PR3)7X3,  and Au13(PR3)10X2
(+3),  where X is either a halogen or a thiolate.  Attributable 

to a compact, symmetric core and complete sterical protection, each compound has a filled 
spherical electronic shell and a major energy gap to unoccupied states. Consequently, the 
exceptional stability is best described by a “noble-gas superatom” analogy. The success of our 
superatom model was highlighted during this work via  simultaneous and independent 
theoretical prediction [3] and experimental confirmation [4] of the same ground-state structure 
for the Au25(SR)18

(-)  cluster. 
 
Traditionally, the “phosphine chemistry” and the “thiolate chemistry” have been regarded as 
separate branches to prepare ligand-protected gold nanoparticles; no general, unifying 
theoretical concepts have been available to understand and classify the wealth of experimental 
information that points to well-defined, discrete compounds. Our work thus provides guiding 
principles for molecular-precision-synthesis and functionalization of these exciting building 
blocks of nano-materials that are finding applications in diverse fields of biolabeling, 
photonics, sensing and nanocatalysis.   
 

a Theory team: J. Akola, O. Lopez-Acevedo, M. Walter (Jyväskylä); H. Grönbeck (Chalmers, 
Gothenburg) 
b Collaboration: C. J. Ackerson, G. Calero, P.D. Jadzinsky,  R. Kornberg (Stanford 
University);  R.L. Whetten (Georgia Tech, Atlanta) 
 
 
[1]  P.D. Jadzinsky, G. Calero, C.J. Ackerson, D.A. Bushnell, R.D.  Kornberg,  Science 318, 
430 (2007). 
[2]  M. Walter, J. Akola, O. Lopez-Acevedo, P.D. Jadzinsky, G. Calero, C. J. Ackerson, R. L. 
Whetten, H. Grönbeck, H. Häkkinen,  Proc. Natl. Acad. Sci USA  in press (2008). 
[3]  J. Akola,  M. Walter, R.L. Whetten, H. Häkkinen, H. Grönbeck, J Am. Chem. Soc 130, 
3756 (2008). 
[4]  M.W. Heaven, A. Dass, P.S. White, K. M. Holt, R.W. Murray, J Am. Chem. Soc. 130, 
3754 (2008).  
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Monday, Sep. 15th Hot Topics 5 I. L. Garzón

Chirality, optical activity, and enantiospecific adsorption in gold clusters 

 

Itzel E. Santizo, Francisco Hidalgo-Moreno,Luis A. Pérez, Cecilia Noguez, Ignacio L. Garzón  

 

Instituto de Física, Universidad Nacional Autónoma de México, México 

 

garzon@fisica.unam.mx 

 

Chirality is a fundamental property of many bio-organic molecules and organometallic 

compounds, with great relevance in several fields like the research on the origin of life, or in 

the pharmacology industry. Chirality in metal clusters was not expected, however recent 

experimental results on the structural, electronic and optical properties of size-selected bare 

and organically-modified gold clusters suggested the existence of chiral structures for these 

systems [1,2]. Theoretical studies had also provided support on the energetic stability and 

optical activity of chiral isomers of bare and passivated gold clusters with different size [3-5]. 

 

In this work, we present a theoretical study on the structural, vibrational, electronic, and 

optical properties of chiral gold clusters. Firstly, we consider the case of the Au34
-
 cluster for 

which extensive experimental studies on its structural and electronic behavior had been 

published recently [1,6]. Our results show that the lowest-energy isomers of the Au34
-
 cluster 

correspond to two chiral structures with C1 and C3 point symmetry groups. The two isomers 

are nearly degenerate in energy, being the C1 isomer more stable than the C3 one by only 

0.031 eV. Zero point energies and vibrational entropy at finite temperatures do not produce 

any change in the energy ordering between these isomers. Moreover, the calculated structure 

factors, which have been measured using trapped ion electron diffraction [1], can not be used 

to discriminate between both isomers since they are almost indistinguishable. On the other 

hand, the electronic DOS of these chiral isomers shows different features around the HOMO-

LUMO energy gap, which may be detected through optical spectroscopies. In fact, our 

calculated absorption and circular dichroism spectra show clear differences in the optical 

behavior of these chiral clusters. Another important property that distinguishes the C1 and C3 

isomers is the different spatial distribution of the atomic coordination on the cluster surface, 

which would generate distinct enantiospecific adsorption patterns with chiral molecules. 

 

Enantiospecific adsorption of a chiral amino acid (cysteine) on a C1 (chiral) isomer of the 

Au55 cluster had also been theoretically predicted using DFT calculations [7]. The physical 

origin of this effect is related with the different bond strength and location of the carboxyl 

group, forming the L- and D- enantiomers of cysteine, when it is adsorbed on one of edges of 

the Au55 cluster. In this work, the most active sites on the Au55 chiral cluster surface for the 

adsorption of the thiolate, amino and carboxyl groups of the cysteine will be described. The 

relation of these theoretical results with the optical activity measured on chiral monolayer-

protected gold nanoclusters will also be discussed.  

 

 

[1] A. Lechtken et al. Angew. Chem. Int. Ed. 46, 2944 (2007). 

[2] H. Yao Current Nanoscience  4, 92 (2008).               

[3] I. L. Garzón et al. Phys. Rev B 66, 073403 (2002).  

[4] I. L. Garzón et al. Eur. Phys. J. D 24, 105 (2003). 

[5] C.E. Román-Velazquez, C. Noguez, and I.L. Garzón J. Phys. Chem. B 107, 12035 (2003). 

[6] X. Gu et al. J. Phys. Chem. C 111, 8228 (2007).  

[7] X. López-Lozano,  L. A. Pérez, and  I. L. Garzón Phys. Rev. Lett. 97, 233401 (2006).                                 
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Monday, Sep. 15th Hot Topics 6 S. Dobrin

Mechanisms of reactions on Pt nanoclasters used in electrocatalysis. 
The role of organic surfactants.

S. Dobrin  1  , D. Mowbray1, J.K. Nørskov1, B.L. Abrams1, I. Chorkendorff1, E. Savinova2.  

1Department of Physics, Technical University of Denmark, DK-2800 Kongens Lyngby, Denmark

2LMSPC-UMR 7515 du CNRS-ULP-ECPM, 25, rue Becquerel, F 67087 Strasbourg Cedex 2, France

Sergey.Dobrin@fysik.dtu.dk

 Small Pt nanoclusters (<10nm) are widely used in catalysis and electrocatalysis. In particular, 
they are of interest in Hydrogen Evolution and Hydrogen Oxidation Reactions (HER/HOR) and in 
oxidation processes, such as CO and organic molecule oxidation. [1,2] The clusters can be synthesized by 
the modified inverse micelle [3] technique, which allows one to prepare clusters coated by organic 
surfactants and to control the size of the clusters. Chemical properties of the clusters depend upon their 
size and the properties of the surfactants. In spite of numerous studies, these effects are not fully 
understood yet.

In the current study we focus on the mechanisms of HER and CO oxidation reactions on the Pt 
nanoclusters, as well as on the mechanisms of attachment of the organic surfactants to the clusters. We 
also discuss the effect of the surfactants on the catalytic properties of the clusters. Our studies are based 
on electrochemical experiments and DFT modeling performed using plane wave DFT. Adsorption  on the 
clusters has been modeled using DACAPO.[4]

In the case of Pt nanoclusters stabilized by a non-ionic surfactant, the HER activity has been 
found to be comparable to that of polycrystalline platinum catalyst. The negligible suppression of the 
HER indicates that the surfactants may not significantly block the active sites necessary for the HER. 
This experimental finding agrees with our computational results, which suggest that the surfactants attach 
preferentially to corner atoms of the clusters, thereby keeping facets of the clusters available for the HER 
or oxidation reactions.

Experimental studies show that in the case of Pt particles stabilized on carbon substrates the 
catalytic activity in CO monolayer oxidation decays systematically with the decrease of their size [5, 6]. 
We use our DFT calculations to model these experimental findings.

Results  of  this  study  are  of  interest  for  developing  new  catalysts,  which  can  be  used  in 
heterogeneous catalysis, electrochemistry and fuel cells.

 

[1] J.K. Nørskov,et al.,“Trends in the Exchange Current for Hydrogen Evolution” J. Electrochem. Soc. 
(152), J23 (2005).
[2]  Greeley,J.,et al.,“Computational High-Throughput Screening of Electrocatalytic materials for 
Hydrogen Evolution”, Nature Materials, 5,909-913(2006).
[3] Wilcoxon, J.P; Abrams, B.L., “Synthesis, Structure and Properties of Metal Nanoclusters” Chemical 
Society Reviews, 35,1162-1194(2006).
[4] http://dcwww.camd.dtu.dk/campos/Dacapo/
5] O. V. Cherstiouk, P. A. Simonov and E. R. Savinova, Electrochim. Acta. 48  (2003) 3851-3860.
[6] F. Maillard, M. Eikerling, O.V. Cherstiouk, S. Schreier, E. Savinova, and U. Stimming, Faraday 
Discussions 125 (2004) 357-377.
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Tuesday, Sep. 16th Plenary 2 T. Yanagida

Single Molecule Nanobiology  
Toshio Yanagida:Graduate School of Frontier Bioscience and Graduate 
School of Medicine, Osaka University, 1-3, Yamadaoka, Suita, Osaka, 
565-0871, Japan  
 
 Biomolecules assemble to form molecular machines such as molecular 
motors, cell signal processors, DNA transcription processors and protein 
synthesizers to fulfill their functions. The reactions and behaviors of 
molecular machines respond to their surroundings with great flexibility. This 
flexibility is essential for biological organisms and biological systems.  The 
underlying mechanism of molecular machines is not as simple as that 
expected from an analogy with man-made machines.  Since molecular 
machines are only nanometers in size and have a flexible structure, they are 
very prone to thermal agitation. Furthermore, the input energy level is not 
much different from that of average thermal energy, kBT.  Molecular 
machines can use this thermal noise with a high efficiency of energy 
conversion for their functions. This is in sharp contrast to man-made 
machines that operate at energies much higher than thermal noise. In recent 
years, single molecule detection (SMD) and nano-technologies have rapidly 
been expanding to include a wide range of life science applications. The 
dynamic properties of biomolecules and the unique operations of molecular 
machines, which were previously hidden in averaged ensemble 
measurements, are now being unveiled.  The aim of our research is to 
approach the engineering principle of adaptive biological systems by 
uncovering the unique operation of biological molecular machines. Here, I 
review our SMD experiments designed to investigate molecular motors, 
enzyme reactions, protein dynamics and cell signaling, and discuss how 
thermal fluctuations (noise) play a positive role in the unique operation of 
biological molecular machines allowing for flexible and adaptive biological 
systems.  
 
Reference: http://www.phys1.med.osaka-u.ac.jp/
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Tuesday, Sep. 16th Invited 5 V. Bonačić-Koutecký

Tailoring functionality of clusters and their complexes with  
biomolecules by size, structures and lasers 

 
 

Vlasta Bonačić-Koutecký 
 

Department of Chemistry, Humboldt-University Berlin, 
 Brook-Taylor-Str. 2, 12489 Berlin, Germany 

e-mail: vbk@chemie.hu-berlin.de 
 
 
 
Clusters have the potential to be used in creation of tailored materials with desirable optical 
and reactivity properties. Therefore, the following topics will be addressed and illustrated on 
selected examples: 
 

• Stoichiometric zirconium oxide cations are potential building blocks for a cluster 
assembled catalyst with high oxidation activity. We have identified a series of clusters 
with a radical oxygen center that exhibit enchanced activity and selectivity for three 
oxidation reactions of  widespread chemical importance. These species may promote   
multiple  cycles of oxidation reactions and therefore exhibit  true catalytic behaviour. 

 
• Metallic cluster-peptide hybrid systems (e.g. Trp-Ag BnPB

+
P, Trp-(Ala) BnB-Ag BnPB

+
P ) exhibit unique 

optical properties such as absorption enhancement and fluorescence  which can be 
tuned by cluster size and the type of hybrid structure. This model systems serve  to 
study the interaction between silver clusters and proteins with the aim to provide 
basic understanding for developing biosensors and biochips. 

 
• We propose a new “field induced surface hopping” method for the optimal  pump-

dump control allowing to explore the controllability of dynamics in complex systems. 
This will be illustrated on Schiff base molecular switches and on laser selective 
photochemistry in nanoparticle-biomolecular hybrid systems.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
      U:\abstracts\ISSPIC\ISSPIC-14-2008\abstract-ISSPIC-Sept2008.doc 
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Tuesday, Sep. 16th Invited 6 P. Dugourd

UV spectroscopy of gas phase proteins and metal cluster-peptide hybrids 

P. Dugourd

CNRS and Université Lyon 1, Laboratoire de Spectrométrie Ionique et Moléculaire, France  

dugourd@lasim.univ-lyon1.fr 

 

UV-Vis spectroscopy was used to obtain signatures of geometric and electronic structures of 
protein and metal peptide complexes. The objective of these gas phase experiments is to 
provide the bases to construct atomic models of functional molecule in actions. 

The experimental set up integrates an electrospray ion source, an ion trap mass spectrometer 
and one or two tunable UV-Vis lasers. A first series of results was obtained on multiply 
negatively charged peptides and proteins [1]. Electron emission was observed after 
irradiation. The electron detachment mechanism and the influence of the repulsive Coulomb 
barrier will be discussed. Electron detachment yield as a function of the laser wavelength and 
optical signatures of proton and radical transfers will be presented.  

Metal cations are ubiquitous in biology. We will show that gas phase experiments can be used 
to determine the exact nature of the binding between the cation and the peptide and the 
influence of the cation on the conformation of the biomolecule. Finally, we will present 
results on peptide- silver cluster complexes. The surface plasmon of the metal moiety induces 
a spreading and a strong enhancement of the optical absorption of the complex (see Fig. 1) 
[2]. These systems can be used as prototypes of biomolecules on surfaces in a well-defined 
environment.    
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Figure 1: Photofragmentation yields measured for protonated Trytophane-Valine (TrpVal-H+) 
dipeptide and silver cluster–dipeptide complexes. 

 

[1] L. Joly, R. Antoine, A. R. Allouche, M. Broyer, J. Lemoine and P. Dugourd, J. Am. 
Chem. Soc. 129, 8428-8429 (2007). 

[2] R. Mitric, J. Petersen, A. Kulesza, V. Bonacic-Koutecký, T. Tabarin, I. Compagnon, R. 
Antoine, M. Broyer and P. Dugourd, J. Chem. Phys. 127, 134301,134301-134309 (2007). 
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Tuesday, Sep. 16th Invited 7 J.-M. L’Hermite

Nucleation and thermodynamics of free clusters 

 

Jean-Marc L’Hermite, Sébastien Zamith, Fabien Chirot, Pierre Feiden, Pierre Labastie 

 
 
Laboratoire Collisions, Agrégats, Réactivité (UMR 5589, CNRS - Université de Toulouse, 

UPS), IRSAMC, Toulouse, France 

 

j-m.lhermite@irsamc.ups-tlse.fr 

 

 

 A novel experimental setup has been developed, which allows controlling the sticking 

of atoms onto mass selected clusters [1]. It has been applied to sodium clusters so far. The 

sticking scaling law as a function of the cluster size has been measured for the first time [2]. 

Beyond the measurement of sticking cross sections, controlled sticking experiment is a 

powerful tool for determining some thermodynamic properties of clusters. By controlling 

accurately the collision energy, the caloric curve is deduced from the average number of 

atoms that can be stuck onto the cluster as a function of its temperature. Unambiguous results 

are obtained by using a differential scheme. Melting temperatures and latent heat of sodium 

clusters are, as far as data are available, in good agreement with previous measurements [3]. 

Nevertheless, our caloric curve for Na41
+
 shows a previously unobserved double structure 

attributed to surface melting. The marked size dependence of melting temperature of clusters 

has already been extensively analysed. However, in light of a simple two level model, one 

might also rightfully ask why melting temperatures do not vary much more than they do. 

Similar experiments on water cluster are in progress. 

 

 

1000

2000

3000

4000

5000

6000

 low vapor density

 high vapor density

n=5

n=4
n=3

n=2
n=1

n=0

 

(H
2
0)

120+n
H

+

io
n

s
 y

ie
ld

(H
2
O)

120
H

+
+nH

2
O

 

Figure 1: sticking mass spectra of water molecules stuck onto a water cluster. 

 

[1], F.Chirot, S.Zamith, P.Labastie, J-M L’Hermite, New device to study unimolecular nucleation 

Rev.Sci.Instrum.,77,63108 (2006) 

[2] F. Chirot, P. Labastie, S. Zamith, and J.-M. L’Hermite, Experimental Determination of 

Nucleation Scaling Law for Small Charged Particles, Phys. Rev. Lett. 99, 193401 (2007) 

[3] H.Haberland,T.Hippler,J.Donge,O.Kostko,M.Schmidt B.von Issendorf, Melting of sodium 

Clusters : Where do the Magic Numbers come from? Phys.Rev. Lett. 94, 035701 (2005) 
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Tuesday, Sep. 16th Invited 8 M. F. Jarrold

Melting and Freezing of Aluminum Clusters* 
 

Martin F. Jarrold 

 
Chemistry Department, Indiana University, Bloomington, IN 47401, USA 

 
mfj@indiana.edu 

 
 

Aluminum and sodium clusters have emerged as prototypes for understanding the 
thermal properties of metal clusters. In this talk I will describe new results for aluminum 
clusters. 

Most of the experimental information on the melting transitions of size selected metal 
clusters has been obtained from heat capacity measurements. These measurements have now 
been performed for aluminum cluster cations (and some anions) with 16 to 130 atoms. Results 
for n>80 are reported here for the first time. Most clusters with n>80 show a single sharp peak 
in their heat capacities that can be fit with a two state model (i.e., a model that only includes 
completely solid clusters and completely liquid clusters, and no partially melted 
intermediates). On the other hand, clusters with 80-90 and 110-120 atoms show two clearly-
resolved and well-separated peaks in their heat capacities. The two peaks may be due to 
partial melting, where part of the cluster melts and then the balance melts at a higher 
temperature, or it may indicate that there are two structures that melt at different temperatures. 
I will describe measurements that probe the internal energy distribution of the melting clusters 
and distinguish between these two possibilities. 

Experimental studies of the melting of metal clusters have focused on the 
thermodynamic behavior (i.e., determining the melting temperature and latent heat). There is 
virtually no experimental information available on the rates of melting and freezing 
transitions and how they change with temperature and cluster size. We have performed 
experiments to investigate the kinetics of metal cluster freezing. In these experiments the 
clusters are heated to above their melting temperature, rapidly quenched, and then the heat 
capacity is measured after a fixed time. These studies show that the clusters do not always 
freeze into the lowest energy structure. At high cooling rates the liquid cluster can bypass 
freezing into the thermodynamically preferred solid and freeze into a higher energy solid at a 
lower temperature. In addition, the peaks in the heat capacities measured for freezing are for 
some clusters shifted to lower temperature than the peaks in the heat capacity measured for 
melting. This confirms that some of the clusters’ super-cool.  
 
* Work performed in collaboration with Baopeng Cao, Anne K. Starace, Colleen M. Neal, 
Oscar H. Judd, Andrés Aguado and José M. López  
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Tuesday, Sep. 16th Hot Topics 7 M. E. Garcı́a

New Approach for Selecting and Designing Fast Folding Proteins

Dmitry Gridnev and Martin E. Garcia

Theoretische Physik, FB 18, and Center for Interdisciplinary Nanost
ructure Science (CINSaT), Universität Kassel, Heinrich-Plett-Str. 40,

34132 Kassel, Germany

garcia@physik.uni-kassel.de

We propose a general algorithm for predicting good folding proteins and for determining their
folding temperature. It uses the Monte Carlo dynamics and tests the rate of convergence of a
an amino acid chain in the configuration space. The algorithmcan be applied to any kind of
models (lattice, off-lattice, go-type, atomistic) and does not require the previous knowledge of
the native structure. We tested our approach in the framework of the lattice model and obtained
several good folders not found before. The algorithm takes considerably less time than the
actual folding time of the proteins.
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Tuesday, Sep. 16th Hot Topics 8 T. Schlathölter

Ionization and fragmentation of isolated biomolecules and their clusters 
 

Jos Postma, Sadia Bari, Ronnie Hoekstra, Thomas Schlathölter 

 
KVI Atomic Physics, University of Groningen, The Netherlands 

 
tschlat@kvi.nl 

 
The interaction of keV protons and heavy ions with building blocks of DNA is of particular 
biological relevance in view of the increasing number of facilities employing MeV proton 
and heavy ion irradiation for tumor treatment. When the ions traverse tissue and are 
decelerated to sub-MeV energies, the so-called Bragg-peak is reached where the induced 
damage is highest due to maximum linear energy transfer (LET) and relative biological 
effectiveness (RBE) at these energies. The volume selectivity given by the existence of such 
a well-localized Bragg-peak region renders proton therapy such a promising tool for cancer 
treatment [1]. Biological consequences of irradiation with energetic protons and heavy ions 
from galactic cosmic rays and solar particle events are also a limiting factor for human space 
exploration. 
Radiation damage in living cells always involves the condensed phase where the affected 
molecules are surrounded by a medium. Therefore, ion irradiation studies on nucleobases in 
the solid phase [2] and on DNA deposited on substrates [3] have been performed. Such 
studies are however hampered by the great complexity of the systems under study.  

A natural solution to avoid these difficulties is the investigation of smaller systems. We 
investigate the response of isolated DNA building blocks,  and their clusters upon keV singly 
and multiply charged ion impact using high-resolution coincidence time-of-flight mass 
spectrometry. Kinetic energies of nucleobase and amino-acid fragments exceeding several 10 
eV are observed which have the potential to induce subsequent damage in a biological 
environment [4,5]. Deoxyribose molecules from the DNA backbone are found to be most 
sensitive to keV ion impact and are subject to statistical fragmentation[6]. 

To bridge the gap between the biologically relevant condensed phase regime of and 
experiments on isolated molecules, we investigate systems still allowing intermolecular 
interactions. Our recent studies on clusters of nucleobases e.g. reveal that intermolecular 
hydrogen bonds strongly affect the fragmentation dynamics of the DNA building blocks [7]. 

Currently we are performing irradiation experiments on more complex biomolecular 
targets, produced by means of electrospray ionization. It is the goal of these studies to 
investigate well defined DNA oligomers surrounded by a tunable number of water molecules 
which can be considered good model systems of DNA and its closest environment. 
 
[1] G. Kraft, Nucl. Instrum. Meth. B 454 (2000) 1 
[2] Z. Deng, I. Bald, E. Illenberger and M. A. Huels, PRL 95 (2005) 153201  
[3] S. Lacombe, C. Le Sech, V. Esaulov, Phys. Med. Biol. 49 (2004) N65 
[4] J. de Vries, R. Hoekstra, R. Morgenstern and T. Schlathölter, PRL 91 (2003) 053401 
[5] S. Bari, P. Sobocinski, J. Postma, F. Alvarado, V. Bernigaud, B. Manil, J. Rangama, B. 
Huber, T. Schlathölter, JCP 128 (2008) 074306 
[6] F. Alvarado, S. Bari, R. Hoekstra and T. Schlathölter, PCCP 8 (2006) 1922; F. Alvarado, 
J. Bernard, L. Bin, R. Brédy, L. Chen, R. Hoekstra, S. Martin, T. Schlathölter, 
ChemPhysChem 9 (2008) 
[7] T. Schlathölter,  F. Alvarado, S. Bari, A. Lecointre, R. Hoekstra, V. Bernigaud, B. Manil, 
J. Rangama, B. Huber, ChemPhysChem 7 (2006) 2339 
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Tuesday, Sep. 16th Hot Topics 9 M. A. López-Quintela

 
 

TOWARDS ATOMIC RESOLUTION IN COLLOIDAL SCIENCE: SOFT CHEMICAL 
STRATEGIES FOR THE SYNTHESIS OF METAL CLUSTERS 

 
M. Arturo López-Quintela

 
Laboratory of Magnetism and Nanotechnology, Institute of Technological Research. 

University of Santiago de Compostela. E-15782 Santiago de Compostela, Spain. 
(qfarturo@usc.es) 

 
 
 
In the past decade a number of chemical methods have been developed for the preparation of 
nanoparticles of different metals down to the nanometer/subnanometer range, thus entering 
into the Cluster region. It has been observed that the properties of these Clusters are very 
different from their “older brothers”, the colloidal particles, due to the quantum confinement 
of electrons and holes. The transition from the solid state (characteristics of the Colloids) to 
the atomic/molecular level (characteristics of the Clusters) can be now observed and studied 
because new chemical synthetic routes have been/ are being developed. Although this is just 
the beginning of a very promising area, there are already enough proofs that new interesting 
properties can come up. Catalytic, fluorescent, magnetic, electronic, optical…properties, very 
different from those observed with colloidal particles, seem to appear in this fascinating 
cluster region. Moreover, because the number of superficial atoms is comparable to (or even 
higher than) the number of those located in the interior, the cluster attached species (capping) 
may play an important role in the final properties of these nano/subnano-meter structures.    
This talk will be devoted to introduce different soft chemical approaches recently developed 
in our lab, which can be used for the preparation of metal clusters 
 
 
 
 
References: 

1. O. Guillén-Villafuerte, G. García, B. Anula, E. Pastor, M.C. Blanco, M.A. López-
Quintela, A. Hernández-Creus, G.A. Planes. Angew.Chem.Int.Ed. 2006, 45, 4266-
4269. 

2. Rodríguez-Sánchez ML, Rodríguez MJ, Blanco MC, Rivas J, López-Quintela MA.  
J.Phys.Chem. B 2005, 109, 1183-1191. 

3. A. Ledo , J. Rivas, C.F. Rodríguez-Abreu, M.J. Rodríguez, E. Pastor , A. Hernández-
Creus, S.B. Oseroff, M. A. López-Quintela, Angew.Chem.Int.Ed. 2007, 46, 8823-
8827.  
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Production of aluminium cluster polyanions

N. Walsh, F. Martinez, G. Marx, L. Schweikhard

Institute for physics, Ernst-Moritz-Arndt University, Greifswald, Germany

lschweik@physik.uni-greifswald.de

Interest in the physics and chemistry of multiply-charged anions has grown considerably during
the last two decades. What started with a number of experimental observations of gas-phase
dianionic clusters[1] and fullerenes[2,3] in the mid 1980’s and early 1990’s has since devel-
oped into an independent field of research investigating both the production and properties of
polyanionic species[4,5,6]. One production method, the ”electron-bath” technique[6] involves
the exposure of stored cluster monoanions to a ’bath’ of low-energy electrons for extended re-
action periods. The technique, originally applied to monovalent elements[7] (Cu, Ag and Au)
and later to fullerenes[8], has also proven to be suitable for the production of metal cluster
polyanions composed of trivalent aluminium[9]. In addition to dianionic species[9], recently
tri- (Fig.1(a)) and tetra-anionic (Fig.1(b)) aluminium clusters have been produced. This con-
tribution presents the results of experiments in which boththe production procedure and the
size-dependence of aluminium cluster polyanion creation have been investigated.

Figure 1: Abundance spectra for (a) Al125 and (b) Al260 after exposure of the monoanions to an
“electron bath”.

[1] K. Leiter et al., Int. J. Mass Spec. and Ion Process., 68(1986)341.
[2] P.A. Limbach et al., J. Am. Chem. Soc., 113(1991)6795.
[3] R.L. Hettich et al., Phys. Rev. Lett., 67(1991)1242.
[4] O. Hampe et al., Chem. Phys. Lett., 354(2002)303.
[5] B. Liu et al., Phys. Rev. Lett., 92(2004)168301.
[6] A. Herlert et al., Phys. Scripta, T80(1999)200.
[7] A. Herlert et al., Int. J. Mass Spec., 229(2003)19.
[8] A. Lassesson et al., Eur. Phys. J. D, 34(2005)73.
[9] N. Walsh et al., Eur. Phys. J. D, 43(2007)41.
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Freezing-point depression by insoluble impurities: A finite size effect 

 

M. Schmidt1, A. Aguado2, C. Hock3, S. Straβburg 3, H. Haberland3, B. v. Issendorff3 

 

1Laboratoire Aimé Cotton, CNRS, Bât 505, Université Paris Sud, 91405 Orsay Cedex, France  

2Departamento de Física Teórica, Universidad de Valladolid, Valladolid 47011, Spain 

3Fakultät für Physik, Universität Freiburg, Hermann-Herder-Straße 3, 79104 Freiburg, Germany 

Martin.Schmidt@lac.u-psud.fr 

 

Salt in water is used as anti-freeze protection. The freezing point of the water/salt system is 
lowered by the effort to transform the homogeneous solution into separated phases of 
purified ice and concentrated brine. Insoluble impurities, by contrast, cannot influence the 
freezing point of a macroscopic liquid, which forms instead two separated and independent 
phases. However, in a nano-sized particle the phases loose their independence, since their 
interfacial energy can no longer be neglected. Furthermore this surface contribution can 
change upon melting. Typically, it decreases as a possible lattice mismatch of the solid can 
be compensated by the higher structural freedom of the liquid, which thus becomes more 
favorable. It occupies a larger temperature range in the phase-diagram and the freezing 
points are depressed. 

We illustrate this cluster-specific effect by studying nano particles of the                    
sodium – sodium oxide binary system both experimentally and theoretically.                 
First-principles density functional theory is employed.  Bulk sodium hardly solves its 
oxide, which thus cannot depress the freezing point. In contrast our thermodynamic 
experiments show that the oxide in sodium clusters systematically depresses both freezing 
points and latent heats and that this effect increases with the size of the oxide. Our 
calculations confirm that this is due to the surface tension between the oxide and metal in 
the solid clusters. The surface energy is released under melting and promotes the liquid 
phase thermodynamically. This causes the observed, cluster-specific freezing point 
depression.   

 

Figure: Na55O2 at 340 K: The pure liquid metal 
(light gray circles) forms a well-separated phase that 
only partially wets the oxide (small dark circles: 
oxygen; big dark circles: sodium.).  Even though the 
metal cannot dissolve the oxide, its freezing point is 
depressed by the surface tension between the phases 
that increases under freezing.  

 

– 25 –



Tuesday, Sep. 16th Hot Topics 12 K. Hansen

Measurement of absolute cooling rates of fullerene ions in an electrostatic storage ring

A.E.K. Sundén1, M. Goto2, J, Matsumoto2, H. Shiromaru2, H. Tanuma3, T. Azuma3,
J.U.Andersen4, S.E. Canton5, K.Hansen1

1 Department of Physics, University of Gothenburg, Sweden
2 Department of Chemistry, Tokyo Metropolitan University, Japan

3 Department of Physics, Graduate School of Science and Engineering,
Tokyo Metropolitan University, Japan

4 Institute of Physics and Astronomy, University of Aarhus, Denmark
5 Chemical Physics Department, Lund University, Sweden

klavs@physics.gu.se

We have developed a novel method to measure absolute cooling rates of ions, based on the
non-exponential decay of ensembles of hot molecules, and applied it to C−60.
The ions were produced in a laser desorption source and stored in an electrostatic storage ring
[1]. The spontaneous decay of the ions is well described by a 1/t law for short times [2], while it
is quenched by radiative cooling [2] after about 5 ms. One-photon excitation in the energy range
of 1.9-2.7 eV induces an enhanced thermionic emission rate. Figure 1 (left) shows examples of
the enhanced signal after laser excitation at 12.5 ms after injection. The decay of the enhanced
signal is similar to the spontaneous decay, but is shifted backwards in time. The shift depends on
the photon energy, as exemplified by the different curvatures of the enhanced signals in figure 1,
and can be determined with good precision from the data. Combined with the absolute energy
change associated with single photon absorption, the absolute rate of cooling by depletion of
the ions can then be experimentally determined [3].
Figure 2 (right) shows the cooling rates extracted from the data. The horizontal bars represent
the time interval over which the cooling is averaged. The cooling rate is seen to vary as 1/t,
similar to the decay rate, consistent with a broad initial energy distribution. For values of the
rate constant around 103s−1 one obtains from the plot the value CT 2/Φ≈ 12000 K, where C is
the heat capacity, T the effective emission temperature and Φ = 2.65 eV is the electron affinity.
This value is consistent with the expected values of the heat capacity and the temperature [4].
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[1] S. Jinno et al., Nucl. Instr. and Meth. A 532 (2004) 477
[2] K. Hansen et al., Phys. Rev. Lett. 87 (2001) 123401
[3] A.E.K. Sundén et al., to be published
[4] J.U. Andersen et al., Phys. Rev. Lett. 77 (1996) 3991
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Wednesday, Sep. 17th Plenary 3 N. J. Halas

Plasmonic Nanoparticles:  artificial molecules with real applications 
 

Naomi J. Halas 
 Stanley C. Moore Professor of Electrical and Computer Engineering, Professor of 

Chemistry, Professor in Bioengineering and Director, Laboratory for Nanophotonics, 
Rice University, Houston, TX, USA 77005 

 
 
In recent years we have shown that certain metallic nanoparticles possess plasmon 
resonances that depend very sensitively on the shape of the nanostructure. This 
interesting observation has led to a fundamentally new understanding of plasmon 
resonances of metallic nanostructures- “Plasmon Hybridization”- where the collective 
electronic resonances in a metallic nanostructure are understood to be a classical analog 
of the single electron quantum states of simple atoms and molecules. The Plasmon 
hybridization picture explains the tunability of nanoshells, a dielectric core, metallic shell 
nanoparticle which is the simplest nanostructure with tunable plasmon resonances. More 
importantly, it provides a nanoscale “design rule” for understanding the plasmon 
resonances in an entirely new family of plasmonic nanostructures, and for the coupling of 
plasmonic nanostructures to meso- and macroscopic structures such as nanowires or thin 
metallic films. A variety of surface enhanced spectroscopies such as Surface Enhanced 
Raman Scattering, (SERS) Surface Enhanced Infrared Absorption (SEIRA), as well as 
fluorescence enhancement of nearby molecules and materials, can exploit these types of 
designed metallic nanostructures as tailored, high-performance substrates yielding large 
and highly reproducible enhancements.  In addition, by tuning plasmon resonances into 
the near infrared region of the spectrum, the physiological “water window” can be 
accessed, where blood is essentially transparent and light penetrates maximally through 
human tissue. With bioengineers, we have developed a suite of applications for 
plasmonic nanoparticles in biomedicine, including light-triggered drug delivery and 
photothermal cancer therapy. 

 
 
 

Topics: 
1. Fundamental Plasmon Hybridization 
2. Chemical sensing: SERS, SEIRA and combining both on the same substrate 
3. Biomedical applications of Plasmonics: past, present and future 

a. nanoscale pH meter based on SERS 
b. “turning up” ICG fluorescence 
c.  Nanoshell-based cancer therapy: tumors and strategies for metastatic 

disease 
d. New vectors for gene therapy 
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CLUSTER   DYNAMICS  AT  EXTREMES 

 
In memory of Professor Jaroslav Koutecký 

 
Joshua Jortner 

School of Chemistry, Tel Aviv University, 
Ramat Aviv, 69978 Tel-Aviv, Israel 

 
 
The exploration of photoinduced ultrafast response, dynamics, reactivity and function 

in ubiquitous molecular, nanoscale macroscopic and biological systems pertains to the 

interrogation and control of the phenomena of energy acquisition, storage and 

disposal, as explored from the microscopic point of view.   We shall focus on recent 

theoretical, computational and experimental studies of finite systems dynamics under 

extreme energetic and temporal conditions.  Ultrafast and ultrahigh phenomena 

pertain to extreme cluster ionization in ultraintense laser fields (peak intensities IM = 

1015–1021 Wcm-2, with IM = 1021 Wcm-2 constituting the highest light intensity on 

earth), ultrafast femtosecond dynamics on the time scale of nuclear motion,  

attosecond–femtosecond electron dynamics, the production of ultrahigh charges in 

completely ionized molecular or elemental clusters, and the attainment of ultrahigh 

energies (keV–MeV) in Coulomb explosion of multicharged clusters and 

nanostructures.  Coulomb explosion of clusters and nanostructures transcends 

chemical–physical dynamics towards the driving of nuclear reactions involving table-

top nuclear fusion and nucleosynthesis of astrophysical interest. 

 

 

References: 
1. J. Jortner, Analysis and Control of Ultrafast Photoinduced Reactions, pp. 1-23.  

Eds. O. Kühn and L. Wöste.  Springer Series in Chemical Physics, Vol. 87.  
Springer Verlag, Heidelberg (2007). 

2. V. Bonačić-Koutecký, R. Mitrić, T.M. Bernhardt and L. Wöste,  Adv. Chem. 
Phys. 132, 179-246 (2006). 

3. A. Heidenreich, I. Last and J. Jortner,  Proceed. Natl. Acad. Sci. USA 103, 
10589-10593 (2006). 

4. I. Last and J. Jortner,  Phys. Rev. Lett. 97, 173401-1 – 4 (2006);   
 "Research Highlights":  Stars in the Lab,  Nature 444, 126-127 (2006). 
3. I. Last and J. Jortner,  Phys. Rev. A 77, 033201-1 – 8 (2008). 
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Title: Determining structure, energetics and fragmentation behaviour 
of mass selected, singly charged, tin cluster anions and cations 
 
Authors: D. Schooss, A. Lechtken, N. Dubrov, N. Crawford, 
R. Ahlrichs, P. Weis, E. Oger, R. Kelting and M. Kappes 
 
Abstract: We have used a combination of ion mobility spectrometry, 
trapped ion electron diffraction and density functional theory calculations 
(with genetic algorithms) to obtain electronic and geometric 
structural information on mass selected tin cluster ions ranging 
in size up to several tens of atoms. Results will be discussed in terms 
of previous knowledge and implications for tin cluster based materials. 
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In-Situ Passivation of Silicon Clusters

A. Brewer1, K. von Haeften1, C. Binns1, O. Crisan1,2, P. Howes1, M. P. Lowe3, C.
Sibbley-Allen1, S. C. Thornton1

1 Department of Physics & Astronomy, University of Leicester, United
Kingdom

2 National Inst. for Material Physics, Romania

3 Department of Chemistry, University of Leicester, United Kingdom

kvh6@le.ac.uk

Bulk silicon is a poor light emitter due to its indirect band gap and a viable method to achieve
luminescence is confinement in nano-structures and passivation of the dangling bonds at the
surface [1]. Here, we report on the production of clusters byhigh pressure magnetron sput-
tering of a silicon target and aggregation in a argon/heliumgas mixture [2,3], their subsequent
passivation with nitrogen in the gas phase and their deposition on a substrate at flux rates of 1Å
per second. Our apparatus is equipped with an arrangement ofcells to focus the cluster beam
after the aggregation chamber [4]. One of the cells was filledwith nitrogen so that the clusters
were undergoing multiple collisions. The cell could be filled with up to 1 mbar nitrogen which
guaranteed that the cluster surface was covered completely. Then, the clusters passed through
differential pumping stages into ultra high vacuum where they were co-deposited with a gas
beam of water onto a liquid nitrogen cooled surface. After the deposition had been completed
we melted the ice and obtained a suspension of∼1 µl containing silicon clusters.
We characterised samples that were deposited on a carbon grid by transmission electron spec-
troscopy (TEM) and we also carried out photo luminescence spectroscopy (PLS). The TEM im-
ages show spherical clusters with diameters ranging from 2 to 100 nm depending on the growth
conditions. For specific growth conditions we also observedflakes and nanowire-like struc-
tures. Un-passivated clusters in water suspension showed ayellowish-brownish colour whereas
the suspension with nitrogen passivated clusters was cleargiving evidence that a silicon nitride
layer was formed during the gas phase reaction. The suspension with nitrogen-passivated clus-
ters showed PL at room temperature with a strong peak at 421 nm(90 nm fwhm) when excited
at 307 nm.
Our results show for the first time PL from silicon nanoparticles in aqueous suspension and
demonstrate the relevance of our approach for applicationsin biology or nanotechnology, for
instance, for jet-printing luminescent quantum dots into nano-structures. Likewise our results
show the potential of the pick-up technique to produce alloyed clusters and to achieve radial
structural control in the gas phase [5].

[1] L. T. Canham, Applied Physics Letters57, 1046 (1990).
[2] S. Pratontepet al., Rev. Sci. Instr.76, 045103 (2005).
[3] M. Astruc Hoffmannet al., Eur. Phys. J. D - At., Mol. Opt. Phys.16, 9 (2001).
[4] K. Wegner, P. Piseri, H. V. Tafreshi, and P. Milani, J. Phys. D39, R439 (2006).
[5] T. Laarmann, H. Wabnitz, K. von Haeften, and T. Möller, J. Chem. Phys.128, 014502

(2008).
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Thursday, Sep. 18th Plenary 5 W. A. de Heer

A quarter-century of metal-cluster-beam physics, from the discovery of electronic shell 
structure to quantized ferromagnetism to cluster ferroelectricity. 

 
Walt A. de Heer, Georgia Institute of Technology 
 
In the Fall of 1983, 25 years ago the first of a series of cluster beam experiments were 

performed that demonstrated electronic shell structure in sodium clusters. I will give a brief 
historical overview of these exciting times. 

 The order provided by the electronic shell model for clusters [1,2] departed radically 
from the prevailing models: small metal clusters were considered to be molecules, each one 
had its own identity and there was no reason to expect a systematic order in their properties. 

The experimental discovery [1] was followed by years of debate. Electronic shell 
structure was often incorrectly equated with the spherical jellium model (which treats 
lithium and gold identically), leading to widespread and lasting confusion. 

The electronic shell model (recently renamed the “superatom” model) has now become 
the prevailing paradigm for the basic electronic structure of diverse metal cluster systems 
over a wide range of sizes. Yet, why electronic shell structure is a ubiquitous phenomenon 
in a wide variety of metal cluster systems is still not fully understood. 

The early experiments in Berkeley laid a foundation for other directions in cluster 
physics [3]. I will discuss recent Stern-Gerlach experiments on ferromagnetic clusters [4] 
including unpublished results on magnetism of Co and Fe clusters in excited states, with 
important implications for nanomagnetism, including a resolution of the longstanding spin-
relaxation problem in free metal clusters [5].  

I will further discuss new results [6] on the recently discovered ferroelectric state in low-
temperature niobium and niobium alloy clusters with its possible connection to 
superconductivity [7]. This unusual state is characterized by a phase transition from a 
normal state to one with exceptionally large electronic dipole moments that exhibit a very 
large even-odd effect. 

Finally, I will present new high-resolution polarizability measurements on sodium 
clusters as well as their electric dipole moments that are orders of magnitude smaller than 
predicted.  

 
[1] Electronic shell structure and abundances of sodium clusters 
W.D. Knight, K. Clemenger, W.A. de Heer, W.A. Saunders and M.Y. Chou, M.L. Cohen, 
Phys. Rev. Lett. 52, 2141 (1984). 
[2] The Physics of Simple Metal Clusters   
W.A. de Heer, Rev. Mod. Phys. 65 611 (1993) 
[3]Stern-Gerlach Deflections of Metallic-Cluster Beams 
W. D. Knight, R. Monot, E. R. Dietz, and A. R. George, Phys. Rev. Lett. 40, 1324 (1978) 
[4]Magnetic enhancement in Cobalt-Manganese alloy clusters 
 S. Y. Yin, R. Moro, X. S. Xu, and W. A. de Heer, Phys. Rev. Lett. 98113401 (2007). 
[5]Magnetic moments and adiabatic magnetization of free Cobalt clusters. 
 X. S. Xu, S. Y. Yin, R. Moro, and W. A. de Heer, Phys. Rev. Lett. 95, 237209 (2005). 
[6] Ferroelectricity in free niobium clusters. 
 R. Moro, XS Xu, SY Yin, WA de Heer, Science 300  1265 (2003). 
[7] Nonclassical dipoles in cold Niobium clusters, 
 A. Liang, J. Bowlan, and W. A. de Heer, X. S. Xu, S. Y. Yin, R. Moro, Phys. Rev. B 75, 085429 
(2007). 
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Building Electronic Devices from Clusters 
 

S. A. Brown1,2,3, J. G. Partridge1,3, R. Reichel1,3, A. Ayesh1,3, P. Convers1,3, A. Sattar1,3,  J. 
van Lith2, A. Lassesson2, F. Natali1,3, E. Boyd1,3, K. C. Tee1,2, D. M. A. Mackenzie1,3, 

A. Awasthi1,4, S. C. Hendy1,4,5, P. Zoontjens1,5.  
 

1 MacDiarmid Institute of Advanced Materials and Nanotechnology 
2 Nano Cluster Devices Ltd, Christchurch, New Zealand, 

3 Department of Physics and Astronomy, University of Canterbury, Christchurch, New 
Zealand, 

4 Industrial Research Ltd, PO Box 31-310, Lower Hutt, New Zealand, 
5 Victoria University of Wellington, PO Box 600, Wellington, New Zealand 

 
simon.brown@canterbury.ac.nz 

 
Regular attendees at ISSPIC conferences are well aware of the enormous variety of 

novel physical and chemical phenomena observed in clusters. Over the years, fundamental 
studies of gas phase properties have evolved towards more applied studies of clusters on 
surfaces, and the possibility of “new” materials formed from clusters. A logical continuation 
of this evolution is the use of clusters as building blocks for electronic devices.  

We believe that the ready availability of clusters with sizes ranging from a few atoms 
up to tens of nanometres makes them ideal building blocks for electronic devices. This size 
range spans the gap between current integrated circuits (~50nm) and the molecular scale 
(<1nm), which is presumably the ultimate future of electronics.  

We have developed self-assembly / directed-assembly strategies [1, 2, 3, 4] which 
provide a potentially manufacturable route to fabrication of cluster-based electronic devices. 
We have focussed on the formation of contacted cluster chains / nanowires because devices 
containing such nanowires have a wide range of applications (from chemical sensors to 
transistors). In this paper we will review our work on nanowire formation using templates [1, 
2], stencils [3] and percolation methods [4], as well as our understanding of the basic physical 
assembly processes (enhanced by extensive Molecular Dynamics simulations [5]). We will 
also discuss prototype hydrogen sensors based on Pd clusters [6], H2 and NH3 gas sensors 
based on oxidised Sn clusters [7], the use of Cu clusters for interconnect applications [8], and 
progress toward the fabrication of cluster-assembled transistors [9].  
 
[1] J. G. Partridge et al, Nanotechnology 15, 1382 (2004). 
[2] R. Reichel et al, Applied Physics Letters 89, 213105 (2006).  
[3] J. G. Partridge et al, Microelectronic Engineering 83, 1460 (2006). 
[4] J. Schmelzer et al, Phys. Rev. Lett. 88, 226802 (2002).  
[5] A. Awasthi et al, Phys. Rev. Lett. 97, 186103 (2006).  
[6] J. van Lith et al, Applied Physics Letters 91, 181910 (2007). 
[7] A. Lassesson et al, Nanotechnology 19, 015502 (2008). 
[8] K. C. Tee et al IEEE Trans. Nano. 6, 556 (2007). 
[9] E. Boyd et al, to be published. 
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Cluster deposition: from atomic structure to applications  
 
Richard E Palmer 
 
Nanoscale Physics Research Laboratory 
The University of Birmingham 
Birmingham B15 2TT, UK 
r.e.palmer@bham.ac.uk 
 
 
The controlled deposition of size-selected clusters creates new possibilities for the 
fabrication of both biochips and model catalysts [1]. Knowledge and control of the 
3D atomic structure of the cluster is relevant to these applications, as it is to the 
fundamental physics and chemistry of the clusters. Direct structural 
measurements of clusters in the gas phase are very challenging. Here we 
demonstrate that measurement of the scattered intensity - the high angle annular 
dark field (HAADF) signal - in the scanning transmission electron microscope 
(STEM) allows us (a) to count the number of atoms in a cluster on the surface 
and (b) to determine a 3D atom-density map of the cluster when an aberration-
corrected STEM is used [2]. Moreover, size-selected clusters can also be used as 
a mass standard to "weigh" metal nanoparticles produced by other, less precise 
but sometimes more practical methods: this is mass spectrometry on the surface. 
 
 
1. R.E. Palmer, S. Pratontep and H.-G. Boyen, Nature Materials 2 443 (2003); C. 
Leung, C. Xirouchaki, N. Berovic and R.E. Palmer, Advanced Materials 16 223 
(2004); R.E. Palmer and C. Leung, Trends in Biotechnology 25 48 (2007). 
 
2. Z.Y. Li, N.P. Young, M. Di Vece, R.E. Palmer, A.L. Bleloch, B.C. Curley, R.L. 
Johnston, J. Jiang, J. Yuan, Nature 451 46 (2008). 
 
 
www.nprl.bham.ac.uk 
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Experiments on small (H2)N clusters

S. Montero, J. H. Morilla, G. Tejeda, J. M. Fernández

Laboratory of Molecular Fuid Dynamics
Instituto de Estructura de la Materia, CSIC, Spain

emsalvador@iem.cfmac.csic.es

Theoreticians and experimentalists are showing in recent times growing interest on small (para-
H2)N clusters for a number of good reasons: low temperature (pH2)N clusters are non-rigid
spinless bosons which have been predicted to show superfluid behavior for N < 30 [1]; (pH2)N

clusters are ideal reference systems for quantum Monte Carlo methods; (pH2)N clusters show
magic numbers [2]; spectroscopic data on small (H2)N clusters provide fundamental information
for high-quality H2-H2 (6-dim) potential energy surface [3]; (pH2)N clusters are likely to be the
best suited system to understand molecular nucleation in depth; etc, etc.
The formation process of small (pH2)N clusters has been observed in great detail in a recent
experimental survey with space, time, and number size N resolution [4] on the basis of super-
sonic expansions of the gas through cryogenic axisymmetric nozzles. The diagnostic of the
jet medium is based on high-sensitivity (few photon/sec) Raman spectroscopy with very high
spatial resolution (≈2 µm) enabling for quantitative time of flight measurements in the domain
of nanoseconds. Temperatures of up to 0.1 K have been attained in the jet at a collisional rate
low enough to avoid sudden freezing of the gas. This way clusters between two and eight units
appear size resolved, while the gradual transition of larger clusters into the liquid and eventually
into the solid has been observed in the experiment.
Exhaustive investigation on nozzle temperature and pressure, and on time scale (position along
the jet) have lead us to optimize the sequential formation of clusters from the very beginning of
the nucleation process: the formation of dimers, and only dimers, in a bath of monomers. The
data obtained from a number of supersonic H2 jet experiments conducted along well-defined
isentropic paths have lead to map the dimer-existing region in the phase diagram. The reac-
tion rate for the three-body collisional process underlying the H2-dimer formation has been
determined for the first time. Similar experiments have been conducted on mixed H2+He jets.
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Figure 1: Raman spectrum of small para-H2 clusters in a pH2(10%)+He(90%) supersonic jet.

[1] F. Mezzacapo and M. Boninsegni, Phys. Rev. Lett., 97, 045301 (2006).
[2] R. Guardiola and J. Navarro, C. Europ. J. Phys., 6, 33 (2007).
[3] R. J. Hinde, J. Chem. Phys., 128, 154308 (2008).
[4] G. Tejeda et al., Phys. Rev. Lett., 92, 223401 (2004).
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Thursday, Sep. 18th Invited 13 P. Scheier

Electron driven reactions in doped He droplets 
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Formation of positive and negative ions upon free electron collisions with doped nano-
droplets of superfluid 4He, are studied, utilizing a two sector field mass spectrometer. Simple 
diatomic molecules such as H2 and I2 are used as dopants as well as water, halocarbons, SF6, 
CCl4, amino acids, DNA bases and fullerenes. Molecules that collide with a droplet are picked 
up by the droplet and in most cases move to its center. Depending on the pressure in the pick-
up cell either monomers or clusters of these dopants are formed in the droplet. Positive-ion 
mass spectra are recorded and compared with results obtained in the gas phase. The high mass 
resolution and sensitivity of the experimental setup is a prerequisite to identify novel product 
ions that are stabilized by the surrounding He, e.g., SF6

+ and CCl4
+. 

For many dopants also negative (cluster) ion formation has been observed. The yield of these 
anions is measured as a function of the electron energy [1]. The molecules chosen for our first 
study were the nucleobases adenine, thymine and partially methylated or deuterated thymine. 
The DEA to these nucleobase molecules and clusters in helium droplets (see [1]) exhibits the 
remarkable site selectivity that we have previously established for these biomolecules in the 
gas phase [2]. Core excited resonances that lead to low mass fragment anions upon electron 
attachment in the gas phase are almost completely quenched and instead lead to the formation 
of dehydrogenated closed shell anions via loss of a neutral H-atom [3]. We have extended 
these studies to He droplets doped with several other molecules such as CHCl3 [4], water [5], 
and ammonia. A surprisingly rich chemistry, driven by electrons, is observed at ultra-low 
(0.37K) temperatures. 
Acknowledgements: This work has been supported by the FWF, Wien, Austria and the 
European Commission, Brussels. F.Z. gratefully acknowledges a grant from the Brazilian 
agency CNPq, S.D. an APART grant from the Austrian Academy of Sciences and M.D. a 
grant from the European Network EIPAM. 
[1] S. Denifl et al., Phys. Rev. Lett. 97 (2006) 043201 
[2] S. Ptasinska et al., Angew. Chem. Int. Ed. 44 (2005) 6941 
[3] S. Denifl et al., ChemPhysChem (2008) in print 
[4] S. Denifl et al., J. Am. Chem. Soc. 130 (2008) 5065 
[5] F. Zappa et al., J. Am. Chem. Soc. 130 (2008) 5573 
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Thursday, Sep. 18th Hot Topics 14 O. Cheshnovsky

Detection of Heating in Current Carrying Molecular Junctions by Raman Scattering 
 

Z. Ioffe, T. Shamai, A. Ophir, Y. Selzer, O. Cheshnovsky  

School of Chemistry, Tel Aviv University, 69978 Tel Aviv, Israel  

orich @chemsg1.tau.ac.il 

An important consequence of electron-vibration interaction in molecular-junction-transport is 
heat generation, i.e., energy transfer to the underlying nuclear motions. In balance with heat 
dissipation, this has important implications on the issue of junction stability. Advancement in 
molecular electronics necessitates thorough understanding of these processes in molecular 
junctions [1]. Such an understanding depends on the ability to monitor non-equilibrium 
occupancy of vibrational levels at current carrying junctions as a function of bias. We report 
on the realization of such a capability by utilizing the Stokes (S) and AntiStokes (AS) 
components of Surface Enhanced Raman Spectroscopy (SERS) to probe the effective 
temperature of current carrying junctions. Home built confocal Raman microscope was used 
to map the S and AS Raman spectra of edge fabricated conducting molecular junctions [2]. 
All Raman active modes show similar heating as a function of bias at room temperature, 
suggesting fast internal vibrational relaxation processes. These results demonstrate the power 
of direct spectroscopic probing of heating and cooling processes in nanostructures.  
 

 
 
 
Figure 1: Raman spectra and maps of a silver molecule junction. (a) S spectrum (671nm 
laser) of BPDT molecules in a junction (black) and at an arbitrary spot on the Ag electrode 
(red). (b) The corresponding AS spectra. Analysis of temperature is based on the AS/S ratios 
of the indicated modes. (c) An optical picture of a molecular junction. (d) Raman map of the 
junction (1585cm-1 S line) and (e) of the AS 1585cm-1 line of the same junction.                                               
                                                 
[1 ] Galperin, M., Nitzan, A. & Ratner, M. A. Heat conduction in molecular transport 
junctions. Phys. Rev. B. 75, 155312-155325 (2007). 
[2] Shamai, T., Ophir, A. & Selzer, Y. Fabrication and characterization of “on-edge” 
molecular junctions for molecular electronics. Appl. Phys. Lett. 91, 102108-102110 (2007). 
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Thursday, Sep. 18th Hot Topics 15 A. Fortunelli

Interface-stabilized exotic phases of metal-on-oxide nanodots 
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We discuss a predictive computational methodology which allows one to study the size-
dependent epitaxial relationships of metal nanodots supported on (oxide) surfaces. This 
methodology is first applied to systems with a good epitaxial match, such as Pd clusters on 
MgO(100), finding results in excellent agreement with experiment [1]. In the presence of a 
larger lattice mismatch, the possibility of creating unusual metal-on-oxide phases is 
suggested. In particular, we derive [2] building principles for the formation of “exotic” hcp 
epitaxies on square-symmetry oxide surfaces, delimiting the values of lattice mismatch, 
surface and adhesion energy for which hcp phases are expected to be favored even for metals 
that are not hcp in the bulk. These predictions are supported by available experimental data on 
Ni/MgO(100) nanodots. Moreover, we are able to rationalize the size-dependent transition 
from hcp to fcc motifs and to generalize these results to a whole class of metal/oxide systems 
of great potential interest, such as Pd and Pt on CaO, Ni and Co on MgO. This is the first time 
that a morphological crossover is quantitatively predicted, a general class of novel 
nanoparticle phases proposed, and the atomic details of the particle structure fully unveiled 
for metal-on-oxide particles. Such details in turn suggest that these materials should possess 
peculiar properties: in particular, the facets exposed by the nanodots reveal adsorption sites 
with unusual geometry of possible effect on their catalytic properties, while the destabilization 
of stacking faults and fine details of structural deformations observed for these particles are 
expected to influence their magnetic behavior. 
   

            
Figure 1: Morphology of the hcp motifs. 
 
[1] G. Barcaro, A. Fortunelli, G. Rossi, F. Nita, R. Ferrando, Epitaxy, Truncations, and 
Overhangs in Pd Nanoclusters Adsorbed on MgO(001), Phys. Rev. Lett. 98, 156191 (2007) 
[2] R. Ferrando, G. Rossi, F. Nita, G. Barcaro, A. Fortunelli Interface-stabilized exotic phases 
of metal-on-oxide nanodots (submitted) 
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Understanding the self-assembly of the electron acceptors PCBM and TCNQ on surfaces 
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The adsorption and self-assembly of functional molecular systems on solid surfaces is a 
powerful tool to fabricate well-ordered structures suitable for potential applications in 
molecular electronics. In this work we report on the self-assembly of two important electron 
acceptor molecules widely used on organic solar cells the C60 derivative PCBM (Phenyl-C61-
Butyric acid Methyl ester) and TCNQ (Tetra-Cyanoquinodimethane). These systems have 
been studied with a combination of STM experiments and DFT calculations, which has 
allowed us to get a complete picture of interactions governing the self-assembly. 
 
It is well known that the 2D self-assembly of organic molecules on solid surfaces is the result 
of a combination of molecule-molecule and molecule-substrate interactions. In the case of 
PCBM deposited on Au(111) surfaces we have observed in STM experiments[1] that at low 
coverages, PCBM self-assembles to create long, parallel, isolated 1D wires, or 2D extended 
networks, as dictated almost exclusively by the substrate-controlled preference for nucleating 
at the fcc sites of the reconstruction. However, at higher coverages, intermolecular 
interactions take over, bypassing the substrate influence, giving islands composed of laterally 
ordered parallel, 1D double rows of PCBM molecules. In the case of TCNQ on Cu(100) 
surfaces there exists a strong interaction between the molecule and the substrate, reflected in a 
large distorsion of both TCNQ and the surface. DFT calculations on both systems have been 
carried out to describe the interactions and the structure of the absorbed clusters of 
molecules[2] and the different mechanisms that control the self-assembly. 
 

PCBM TCNQ

 
Figure 1: STM images of the self assembly of PCBM on Au(111) surfaces and TCNQ on 
Cu(100) surfaces. The calculated structures of the corresponding PCBM tetramers and TCNQ 
molecules on the surface are also shown. 
 
[1] D. Écija, R. Otero, L. Sánchez, J. M. Gallego, Y. Wang, M. Alcamí. F.Martín, N. Martín, 
R. Miranda, Angew. Chem., 119, 8020–8023 (2007). 
[2] Y. Wang, M. Alcamí and  F.Martín. Chem. Phys. Chem, 9, 1030-1035. (2008). 
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Thursday, Sep. 18th Hot Topics 17 C. Petit

Inorganic Nanocrystals obtained by Wet chemistry 
Control of the composition, size, shape and self-organization into 2D and 3D superlattices 

 
 

C. Petit 
Université Pierre et Marie Curie-Paris 6; CNRS UMR 7070 

LM2N, 4 place Jussieu  75005 Paris, France 
 
 
 
Research in the field of nanoparticles has grown tremendously during the last two decades. Such inorganic 
nanocrystals are of interest for a variety of applications such as superparamagnets, semiconductors or catalysis. 
Thus it is important to have access to methods that give particles in the nanometer range with good control over 
size, shape and composition but also with the potential for controlled deposition on a solid support in 
superlattices. Depicted numerous study on these nanomaterials, the understanding of nanocrystal growth is not 
well defined.  
We details here the first use of the liquid-liquid phase transfer to obtain either pure metallic Platinum or 
Palladium nanocrystals with a control of the size and shape but also magnetic nanoalloys, as CoPt, with a perfect 
control on the composition and size. We will emphasize on the parameters allowing control the growth process 
and then the physical characteristic of the inorganic nanocrystals. The low degree of size polydispersity allows 
these nanocrystals to self-assemble with a long-range ordering in 2D and 3D supra-crystals. According to the 
nanocrystal shape, simple cubic or face centered cubic supra-crystals are observed. It is remarkable to notice that 
well-facetted supracrystals with sizes of the order of 10 micrometers may be obtained.  
 

                   
Figure 1: A) 2D self organization of spherical CoPt nanocrystals, B) Quadratic 2D organization of cubic Platinum 
nanocrystals, C) Pyramidal fcc superlattices on the micrometer scale of cuboocatedron platinum nanocrystals 
 
References  
1-« Size controlled and growth process of alkylamine-stabilized platinum nanocrystals : a comparison between  the phase 
transfer and the reverse micelles methods » 
K.Wikander, C. Petit, K. Holmberg and M.P.Pileni , Langmuir, 22,4863,(2006) 
 
2-« First synthesis by liquid-liquid phase transfer of magentic CoxPt100-x Nanoalloys » 
A. Demortières and C. Petit Langmuir 23, 8575, (2007) 
 
3-« From worm-like to spherical palladium nanocrystals : digestive ripening » 
K. Naoe, C. Petit and M.P. Pileni, J. Phys. Chem C  110, 16249, (2007) 
 
4- Use of Reverse Micelles to Make Either Spherical or Worm-like Palladium Nanocrystals: Influence of Stabilizing Agent 
on Nanocrystal Shape 
K. Naoe, C. Petit and M.P. Pileni Langmuir 24, 2792 (2008) 
 
5--Shape-Controlled Platinum Nanocubes and their Assembly into 2D and 3D Superlattices 
A. Demortière, P. Launois, N. Goubet, P-A. Albouy and C. Petit  J. Phys. Chem C (2008) to be published 
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Thursday, Sep. 18th Hot Topics 18 F. Stienkemeier

Reactivity of alkalis with water clusters studied in helium nanodroplets 
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Physikalisches Institut, Universität Freiburg, Hermann-Herder-Str. 3, D-79104 Freiburg, 
Germany, email: stienkemeier@uni-freiburg.de 

 
Molecules attached to superfluid helium nanodroplets have been studied for quite some time 
in order study the properties of matter at low temperatures and in the environment of a size 
limited quantum fluid. Recently, new directions of such studies in terms of short-time 
dynamics [1] and metal clusters [2] have been reviewed. The variety of dopants has been 
widely extended. We demonstrated that using kilohertz laser ablation both fragile bio-
molecules as e.g. Guanine, as well as refractory metals could be efficiently doped in helium 
droplets [3]. In order to study reaction processes we successively loaded helium droplets with 
water clusters and alkali atoms (Fig. 1). Even at the millikelvin temperatures of the droplets 
we clearly find signatures of chemical reactivity. Analyzing photo-ionization mass spectra we 
can detect peculiar differences in the reactivity depending on the alkali used (Na, K, Rb, Cs).  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig.1: Illustration of an alkali – water reaction inside a helium nanodroplet. The graphs plot mass 
spectra of all products containing two and five cesium atoms, respectively.  

 
 
[1]  Frank Stienkemeier, Kevin K. Lehmann, J. Phys. B. 39, R127–R166 (2006). 
[2]  Tiggesbäumker J., Stienkemeier F., PCCP 9 (34), 4748-4770 (2007). 
[3]  M. Mudrich, B. Forkl, S. Mueller, M. Dvorak, O. Bünermann, F. Stienkemeier, Rev. Sci Instr., 
       78, 103106 (2007). 
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Hydrogen-induced changes in a Pd nanocluster film 
 

M. Di Vece1, D. Grandjean1, M.J. Van Bael1, C.P. Romero1, X. Wang1, S. Decoster2,  
J.J. Kelly3, A. Vantomme2 and P. Lievens1 

 
1Laboratorium voor Vaste-Stoffysica en Magnetisme & INPAC - Institute for Nanoscale Physics 

and Chemistry, K.U.Leuven, B-3001 Leuven, Belgium 
2Instituut voor Kern- en Stralingsfysica & INPAC - Institute for Nanoscale Physics and 

Chemistry, K.U.Leuven, B-3001 Leuven, Belgium 
3 Debye Institute, Condensed Matter and Interfaces, Utrecht University, P.O. Box 80 000, 3508 

TA Utrecht, The Netherlands 
 

marcel.divece@fys.kuleuven.be 
 
 

The pursuit of high capacity hydrogen storage materials started long ago and gained new 
momentum due to the fossil fuel related problems. The use of hydrogen could contribute to a 
solution[1]. The main aim is obtaining high hydrogen concentrations in a material that possesses 
suitable transport properties under ambient conditions. A promising way to alter favorably the 
properties is by reducing its size to the extent that surface and quantum effects begin to play a 
major role. The investigation of nanocluster metal hydrides may therefore reveal novel 
properties.  

Palladium is one of the most widely studied metals with respect to hydrogen absorption. 
We investigated the effect of hydrogen on the structure, morphology and optical properties of a 
palladium cluster assembled film with various techniques: XRD, EXAFS, STM and 
electrochemistry. These experiments all revealed changes that may affect hydrogenation 
properties of nanoclusters in a more general way. By electrochemical means we compared the 
optical change of palladium nanoclusters with an MBE film. With this novel method we found 
evidence for a core-shell structure in the palladium-hydride nanocluster. These results 
demonstrate novel properties which in a general way set boundaries for the use of nanoclusters 
for hydrogen storage. 
 
[1] L. Schlapbach and A. Züttel, Nature, 414, 353 (2001) 
 

– 43 –



Friday, Sep. 19th

Plenary Talks

B. von Issendorff
Angle resolved Photoelectron Spectroscopy on Simple Metal Clusters

Invited Talks
M. Arndt
On the Cross-Fertilization of de Broglie Interferometry and Cluster Physics

K. Takatsuka
Dynamics of Structural Isomerization and Evaporation of Isolated Small Atomic
Clusters

Hot Topics

A. Terasaki
Photon-Trap Spectroscopy of Size-Selected Cluster Ions: “Direct” Measure-
ment of Optical Absorption

M. Tchaplyguine
Free One- and Bicomponent Metal Clusters Studied by Synchrotron-based Pho-
toelectron Spectroscopy

V. Kresin
Evaporative Attachment of Slow Electrons to Metal Nanoclusters



Friday, Sep. 19th Plenary 6 B. von Issendorff

Angle resolved photoelectron spectroscopy on simple metal clusters

B.v. Issendorff

Fakultät für Physik, Universität Freiburg, Hermann-Herder-Str. 3,
79104 Freiburg, Germany

bernd.von.issendorff@uni-freiburg.de

Photoelectron spectroscopy is a powerful technique for studying the electronic structure of
metal clusters and nanoparticles. Continuous improvements in cluster production, cooling,
mass selection and photoelectron characterization in recent years now allow highly resolved
measurements on free particles over a very broad size range. A wealth of materials has been
studied. A special class here are the simple metals, i.e., alkaline and (to a lesser extent) no-
ble metals, the electronic structure of which is dominated by shell effects. Nevertheless the
measurements on such clusters reveal a clear influence of their ion lattice structure, which in
combination with DFT calculations in many cases allows an unambiguous determination of
the geometric structures of the clusters. Even more detailed information can be obtained by
angle-resolved photoelectron spectroscopy. As the angular distribution should depend on the
angular momentum of the bound state of the emitted electron, this technique in principle allows
a characterization of the electronic wavefunctions. For free, cold, size-selected sodium clusters
surprisingly diverse angular distributions have been found, with very similar behaviour for the
substates of given electron shells. This demonstrates that lattice-induced mixing between differ-
ent angular momentum states is not very pronounced. More importantly, it shows that electron
emission is a fully coherent process, even for the case of the largest cluster studied (Na147). This
makes simple metal cluster interesting model systems for the study of coherent many particle
dynamics.

[1] G. Wrigge, M. Astruc Hoffmann and B. v.Issendorff, Photoelectron spectroscopy of
sodium clusters: direct observation of the electronic shell structure, Phys. Rev. A 65,
063201 (2002)

[2] O. Kostko, B. Huber, M. Moseler, and B. v. Issendorff, Structure determination of
medium sized sodium clusters, Phys. Rev. Lett. 98, 043401 (2007)
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On the cross-fertilization of de Broglie interferometry and cluster physics 
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Matter-wave interferometry with clusters and large molecules, as pursued in our lab, has 
currently three goals: the exploration of the quantum-classical boundary, the development of 
new methods for cluster metrology as well as the implementation of new ways of creating 
surface-bound molecular nanostructures.  
Matter-waves were originally introduced by Louis de Broglie in 1923 as a quantum concept 
for the description of the center-of-mass motion of massive bodies. It has proven correct for 
all objects studied so far and one may readily find arguments why the intrinsic quantum 
nature of mice and men will not appear in our everyday world.    
However, it remains an open challenge to try and push the experimentally validated limits of 
de Broglie interferometry as far as possible. This motivated our first quantum experiments 
with large molecules, i.e. diffraction with fullerenes  already several years ago [1]. We were 
able to show that the internal degrees of freedom may fully decouple from the translational 
degrees of motion and that large molecules can build up single-particle quantum interference 
patterns in spite of their high thermal excitation [2]. We will discuss how biomolecular 
clusters now emerged as intriguing objects for future quantum interference experiments in our 
lab.  
Interestingly, cluster interference is also dependent on all internal cluster properties that 
couple to translational degrees of freedom mediated by external fields. For instance, the 
cluster polarizability grows with the volume of the particle and the interaction with both 
optical and material diffraction elements therefore increases dramatically with cluster size. 
This requires the implementation of specialized interferometric concepts. One of these, the 
Kapitza-Dirac Talbot Lau interferometer has recently been successfully realized in Vienna 
[3].  The sensitivity to external fields turns matter-wave interferometry also in a highly precise 
sensor, which allows us to measure polarizabilities or susceptibilities with improved accuracy 
[4]. And it allows us to sort a beam of clusters or molecules according to their polarizability-
to-mass ratio [5].   
We shall discuss the current status of molecule interferometry and the prospects for 
experiments on cluster coherence in the mass range of 1.000.000 amu [6] and potentially 
beyond… 
 
[1] M. Arndt , O. Nairz, J. Voss-Andreae, C. Keller, G. van der Zouw, and A. Zeilinger, 
Wave-particle duality of C60 molecules, Nature 401, 680 (1999). 
 

[2] L. Hackermüller, K. Hornberger, B. Brezger, A. Zeilinger and M. Arndt, Decoherence of 
matter waves by thermal emission of radiation, Nature 711 (2004). 
 

[3]  S. Gerlich et al., A Kapitza-Dirac-Talbot-Lau interferometer for highly  polarizable 
molecules, Nature Physics 3, 711 - 715 (2007). 
 

[4]  M. Berninger, A. Stefanov, S. Deachapunya, M. Arndt, Polarizability measurements in a 
molecule near-field interferometer, Phys. Rev. A. 76, 013607 (2007). 
 

[5] H. Ulbricht, M. Berninger, S. Deachapunya, A. Stefanov and M. Arndt 
Gas phase sorting of nanoparticles, Nanotechnology 19, 045502 (2008). 
 

[6] E. Reiger, L. Hackermüller, M. Berninger, and  M. Arndt, Exploration of gold 
nanoparticle beams for matter wave interferometry, Opt. Comm. 264, 326-332 (2006). 
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Dynamics of structural isomerization and evaporation of isolated small atomic clusters 
as multichannel chemical reactions and their characterization with "temperature" 

Kazuo Takatsuka 
Department of Basic Science, University of Tokyo, Japan 

kaztak@mns2.c.u-tokyo.ac.jp 
 
Isomerization dynamics of a small atomic (or van der Waals) cluster wandering from one 
molecular structures to another among many isomers shows many interesting phenomena that 
gives a link between the deterministic dynamics and macroscopic statistical mechanics [1]: 
melting (a prototype of the first order phase transition), loss of the memory in structural 
transitions, liquid-like dynamics that does not care about the so-called transition state, 
evaporation coupled with structural isomerization, and so on. This isomerization dynamics 
can be regarded as a prototype of multi-channel chemical reaction, which is far beyond the 
“transition state concept” having dominated the theory of rate process in the 20th century. In 
this talk, I discuss the characteristics of these isomerization dynamics from the following view 
points. (1) "Microcanoncal temperature" to characterize the lifetime of isomers. (2) 
Successive bifurcation of the so-called reaction tube (a geometrical structure in phase space) 
to characterize the memory-loss rate. (3) Non-Euclidean mechanics inevitably introduced into 
shape-changing dynamics. (4) Extraction of collective coordinates for the structural change. 
(5) A novel statistical theory for evaporation of atom or diatomic molecule from the clusters, 
which coupled with the structural isomerization in a similar time scale. (6) Experimental 
determination of the canonical temperature in terms of kinetic energy released by the above 
evaporation. 
 
A particular emphasis is placed on a novel nonempirical statistical theory to give reaction rate 
and the kinetic energy distribution of fragments for molecular evaporation from highly 
nonrigid atomic and van der Waals clusters, in which an efficient and accurate method to 
evaluate the absolute value of classical density of states (the Thomas-Fermi density in phase 
space) and the flux at the so-called dividing surface has been implemented [2]. It is shown 
numerically that the nonempirical statistical theory gives quite an accurate reaction rate. We 
also study the kinetic energy release (KER) arising from these evaporations and its 
Boltzmann-like distribution both for atomic and diatomic evaporation. This provides a general 
relation between the KER and temperature of the fragments [3]. 
 
Reference 
[1] K. Takatsuka, Adv. Chem. Phys. 130, 25 (2005) and references cited therein. 
[2] M. Fujii and K. Takatsuka, J. Chem. Phys. 128, 114318 (2008). 
[3] M. Fujii and K. Takatsuka, J. Chem. Phys., 127, 204309 (2007). 
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Photon-trap spectroscopy of size-selected cluster ions:  
"Direct" measurement of optical absorption 
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A novel experimental technique is presented for optical absorption spectroscopy of size-
selected free cluster ions.  The technique employs an ion trap and an optical cavity; cluster 
ions stored in an ion trap interact with photons trapped in a cavity.  The storage lifetime of 
photons in the cavity provides "direct" probe of extinction of light with an extremely high 
sensitivity (photon-trap spectroscopy [1,2]: an extended scheme of cavity ring-down 
spectroscopy).  The "direct" measurement of photoabsorption is unique to this technique, 
which is contrasted with conventional action-spectrum measurements relying on "indirect" 
information from photodissociation or laser-induced fluorescence [3].  In addition, the use of 
an ion trap instead of ordinary ion-beam experiments allows measurements under controlled 
experimental conditions such as a temperature and a magnetic field.   
 We have developed an experimental setup illustrated in Fig. 1(a).  The first experiment 
was performed on the atomic ion of manganese, Mn+, which shows ultraviolet absorption due 
to 7PJ ← 7S3 (J = 2,3, and 4) transitions.  Spectra of hyperfine structures, Zeeman splitting, 
and Faraday rotation were measured under a magnetic field up to 3 T [2].  The stored Mn+ 
ions were even spin-polarized by a circularly polarized light [4].  Very recently, we succeeded 
in the experiment of silver cluster ions, AgN

+.  Preliminary results of absorption measurement 
of Ag9

+ are shown in Fig. 1(b), presenting temperature dependence down to 10 K.  These 
spectra are to be contrasted with those assigned to surface-plasmon resonance by 
photodepletion spectroscopy of hot silver clusters.   
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Figure 1: (a) Experimental setup.  (b) Temperature dependence of absorption spectra of Ag9

+.   
 
[1] A. Terasaki et al., J. Opt. Soc. Am. B 22, 675 (2005); K. Egashira et al., J. Chem. Phys. 
(Communication) 126, 221102 (2007).  [2] A. Terasaki et al., J. Chem. Phys. (Communi-
cation) 127, 231101 (2007).  [3] A. Terasaki: J. Phys. Chem. A (Feature article) 111, 7671 
(2007).  [4] T. Majima et al., Phys. Rev. A 77, 033417 (2008).   
___________________ 
2 Present address: Department of Physics, Tokyo Metropolitan University, Japan 
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Free one- and bicomponrent metal clusters  
studied by synchrotron-based photoelectron spectroscopy 

 
M.Tchaplyguine1, A.Rosso2, I.Bradeanu1, G.Öhrwall2, S.Legendre1, S.Canton1, S.Svensson2, N.Mårtensson1,2,  

S.Sorensen1, T. Andersson1, and O.Björneholm2 
1MAX-lab, Lund Universit,y and 2Department of Physics, Uppsala University, Sweden 

 
   In a pair of recent years significant progress has been made by us in the field of free metal nanoscale 
clusters using photoelectron spectroscopy. This progress has been possible due to the combination of an 
efficient gas-aggregation cluster source, the high-flux tunable x-ray radiation at MAX-lab synchrotron 
facility, and the versatile end-station of the beamline. The metal vapour in the cluster source is produced 
either by resistive heating of a furnace or by magnetron sputtering inside a liquid-nitrogen cooled 
cryostat. So far a number of materials were successfully used by us for free nanoscale cluster production 
and core-level spectroscopy on them: Na, K, Pb, Bi, Sn, and –very recently- Mg and Au. Additionally, 
for Cu, Ag, Na, K, Pb, and Au clusters the electron density of states was mapped by means of the 
valence photoelectron spectroscopy. Among the most recent achievements one can name successful 
production and characterization of free metallic core-shell clusters out of sodium-potassium alloy (figure 
1,2), and doping of free potassium clusters with favourably chosen gas-phase molecules. For the Na-K 
clusters our XPS study disclosed the dominating presence of potassium- metal with the lower surface 
energy – on the surface, and sodium in the bulk of the clusters. This result has been possible to obtain 
due to the provided by the core-level photoelectron spectroscopy capability to get separate responses 
from the bulk and surface atoms of a cluster containing a few thousand atoms. Due to the same 
experimental capabilities it has been possible to record a well-resolved signal from potassium atoms on 
the cluster surface on which the molecules of the doping gas have adsorbed.  Among other achievements 
of the recent past are the XPS studies of plasmons in free Na, K and Mg clusters, pointing at the 
overwhelming extrinsic nature of the bulk plasmons. Auger and XPS spectroscopy has been successfully 
implemented to free potassium clusters what allowed to use the so-called Auger parameter method for 
estimating the degree of screening of the core-hole by the valence electrons in a free metallic cluster of a 
few thousand atom size. Among other achievements one can mention the demonstrated possibility to 
probe the deeper core levels of free metallic clusters. This has been demonstrated for potassium cluster 
2p levels and for the lead cluster 4f levels.  The presentation will give an overview of the experimental 
methods, the ways to use the obtained XPS and Auger spectra for deriving information on the cluster 
size, charge states, energy structure, details of the core-valence electron interaction, multielectron 
phenomena like plasmons, etc. 

Fig.1 (to the left) Sodium 
cluster XPS spectrum for 

the pure case (circles), and 
for the mixed Na-K case 
(squares). In the b part of the 
figure the mixed-case 
spectrum is shifted up to 
align the lower binding 
energy flanks, and thus to 
demonstrate different widths 
of the features.               
Fig.2 (to the right). a-  
“alloy” and b- “pure” cluster 
responses in the potassium 
3p binding energy region. 
The fit for the pure-metal 
case with the spin-orbit and 
bulk and surface 
components is also given.  

hν=69 eV 
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We present a measurement of the abundance mass spectra of Na-

n~7-140 cluster ions formed as 
a result of low-energy (0.1 eV) electron attachment to free clusters.  Both the anion (daughter) 
and the neutral (precursor) cluster mass spectra were acquired simultaneously, making it 
possible to investigate their transformations without distortions due to beam variations.  
The anion spectrum revealed significant restructuring with respect to the neutral precursors, 
including a downshift in the shell-closing magic numbers, as well as strong changes in the 
relative intensities of open-shell peaks.  Importantly, the latter effect cannot be explained by a 
simple pattern shift by one electron number, and requires an accurate treatment. 
The restructuring of cluster abundances was analyzed on the basis of a three-stage evaporative 
attachment picture:  (1) electron capture by the polarization potential of the cluster; (2) prompt 
dissipation of electron attachment energy into the internal vibrational degrees of freedom 
(cluster heating); followed by (3) evaporative cooling.  The last stage, comprising a cascade of 
monomer and dimer evaporations, was described within the statistical evaporative framework.  
Convoluting the calculated evaporation chains with the mass spectra of the neutral precursors, 
we obtained detailed agreement with the experimental data without any adjustable parameters.  
Furthermore, being sensitive to the cluster dissociation energies, the data verified that the 
prior literature dimer binding energies need to be corrected by ≈25%.  
Thus a complete description of the full process of evaporative electron attachment to metal 
clusters has been established.  The results demonstrate that slow-electron capture offers a 
useful window into the polarization, statistical and binding properties of nanoclusters.  
Conversely, they emphasize that in interpreting charge-capture and charge-transfer reactions 
involving clusters it is essential to account for accompanying evaporative dynamics. 

 
Figure 1: Mass spectra of the electron attachment products (a) and the precursor beam (b).. 
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